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Abstract
Helicobacter pylori (H pylori) infection and the use of nonsteroidal anti-inflammatory drugs (NSAIDs) including aspirin
at any dosage and formulation represent well-established
risk factors for the development of uncomplicated and
complicated peptic ulcer disease accounting for the
majority of such cases. Although the interaction between
H pylori and NSAID/aspirin use in the same individuals
was questioned in some epidemiological studies, it has
now become widely accepted that they are at least
independent risk factors for peptic ulcer disease. According
to data from randomized intervention trials, naive NSAID
users certainly benefit from testing for H pylori infection
and, if positive, H pylori eradication therapy prior to the
initiation of NSAID. A similar strategy is also suggested
for naive aspirin users, although the efficacy of such an
approach has not been evaluated yet. Strong data also
support that chronic aspirin users with a recent ulcer
complication should be tested for H pylori infection and, if
positive, receive H pylori eradication therapy after ulcer
healing, while they appear to benefit from additional
long-term therapy with a proton pump inhibitor (PPI).
A similar approach is often recommended to chronic
aspirin users at a high risk of ulcer complication. H pylori
eradication alone does not efficiently protect chronic
NSAID users with a recent ulcer complication or those
at a high-risk, who certainly should be treated with
long-term PPI therapy, but H pylori eradication may be
additionally offered even in this setting. In contrast, testing
for H pylori or PPI therapy is not recommended for chronic
NSAID/aspirin users with no ulcer complications or those
at a low risk of complications.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Salicylates have been used in therapeutic medicine since
the Hippocrates’ era and their use is still growing. During the
last 50 years, there is a continuously increasing consumption
of aspirin for cardioprotection and for secondary prophylaxis
of recurrent stroke or other vascular occlusion, while the
drug seems to have a possible role in chemoprevention of cancer
and Alzheimer’s disease[1-4]. Non-steroidal anti-inflammatory
drugs (NSAIDs) are also widely used agents[5]. In the USA,
it is estimated that more than 50% of the population over
65 years take aspirin or NSAIDs frequently[6].
The increasing widespread consumption of aspirin/
NSAIDs, however, is associated with an increasing incidence
of their well-known gastrointestinal complications, which
include dyspepsia, gastric and/or duodenal erosions and
ulcers and peptic ulcer complications. Peptic ulcer complications,
usually bleeding, represent the most frequent serious adverse
events of the use of aspirin/NSAIDs[1,7]. Peptic ulcer(s)
may be found at endoscopy in up to 20-25% and ulcer
complications requiring hospital admission develop in 2-5%
of chronic users of NSAIDs[7-12]. Use of NSAIDs has also
been shown to increase the risk of lower gastrointestinal
bleeding[13]. The damaging effect of aspirin on the gastric
mucosa may be less potent than the effect of NSAIDs[14].
Thus, it is estimated that the chronic use of aspirin increases
the absolute annual risk of gastrointestinal bleeding by 0.04%
(absolute annual risk of bleeding with and without aspirin:
0.09% and 0.05% respectively)[15]. Nevertheless, despite the
relatively low absolute risk of bleeding in aspirin users, the
numbers of aspirin related acute gastrointestinal bleeding
episodes are rather high probably due to the huge numbers
of individuals who take the drug regularly for long periods
often having additional factors with increased risk for
bleeding, such as old age and history of peptic ulcer disease.
The use of selective NSAIDs, such as selective cyclooxygenase 2 (COX-2) inhibitors, significantly reduces but
does not completely eliminate the risk of gastrointestinal
complications[11,12,16], while their gastrointestinal benefit
appears to be significantly restricted in cases of concomitant
use of aspirin, even at low doses[11,17].
Helicobacter pylori (H pylori) is undoubtedly associated with
the development of gastritis and uncomplicated and
complicated peptic ulcer diseases[18]. Although the presence
of two factors that can damage the gastric mucosa, such as
H pylori and aspirin/NSAIDs, would be reasonably considered
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to increase the risk for development of uncomplicated and
complicated peptic ulcer, data from several, mainly epidemiological, studies appear to be controversial and do not always
confirm such an assumption[19]. This review focuses on the
role of H pylori infection and the need for its eradication
for prevention of gastrointestinal complications among aspirin/
NSAIDs users by evaluating the relevant pathophysiological
and epidemiological data as well as the results of the randomized,
controlled clinical trials of therapeutic intervention.

P ATHOPHYSIOL
OG
Y
THOPHYSIOLOG
OGY
Aspirin or NSAIDs use is associated with the development
of peptic erosions or ulcers through several mechanisms.
First, aspirin acts locally through the release of salicylic acid
in the stomach, which is not ionized by the gastric acid.
Salicylic acid enters and accumulates within the gastric
epithelial cells, is ionized intracellularly and disrupts cell
metabolic functions increasing mucosal permeability and
permitting the back diffusion of H+ ions[20]. Moreover, aspirin
promotes topical inflammation by inducing recruitment of
leukocytes, which eventually results in capillary constriction
and topical ischemia. The topical gastrotoxic effect of aspirin,
however, does not seem to be particularly important, since
it is associated only with superficial ulcerations that often
resolve spontaneously despite the continued aspirin use[20].
The systemic gastrotoxic effect of aspirin is related to the
inhibition of cyclo-oxygenase-1 (COX-1) and the subsequent
disruption of prostaglandin synthesis and to the antiplatelet
function that promotes bleeding complications[20]. The key
role of the systemic effects of aspirin in the development
of gastrointestinal complications is strongly supported by
the data showing that the risk of such complications is
independent of the drug formulation[17,21,22]. Even low doses
of aspirin, such as 75 mg/d, have been shown to increase
the risk of gastroduodenal ulcerations[21,22]. Inhibition of
COX-1 with disruption of prostaglandin production is also
the main mechanism of NSAIDs induced gastroduodenal
complications[11-13].
H pylori infection induces a substantial inflammatory
reaction in the gastric mucosa with recruitment of leukocytes
and production of several inflammatory cytokines, which
eventually result in attenuation of mucosal defense mechanisms[18]. Thus, H pylori infection and aspirin/NSAID use
impaired gastric mucosal defense by different mechanisms
and therefore an interaction between these two factors is
biologically plausible.
EPIDEMIOL
OGICAL STUDIES
EPIDEMIOLOGICAL
The interaction between H pylori infection and aspirin/NSAIDs
use in the development of ulcer and ulcer complications
has been initially evaluated in several cohort or case-control
studies. The findings of these studies, however, have been
controversial, since some studies suggested an independent
or additive role of H pylori infection and aspirin/NSAIDs
use in gastrointestinal complications[21-30] and others proposed
no association or even a protective role of H pylori infection
in users of aspirin/NSAIDs[31-33]. Moreover, in one study,
H pylori infection was found to increase the risk of gastric
but not of duodenal ulceration in this setting [34]. The
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heterogeneity in study design and methodology, definitions,
power, outcome, and selection of controls have been
suggested to be responsible for such conflicting results[19].
In a systemic review published in 2002, the combined
analysis of the data available up to October 2000 showed
that there is synergism for the development of peptic ulcer
and ulcer bleeding between H pylori infection and aspirin/
NSAID use [35]. In particular, the presence of H pylori
infection was found to increase 3-5-fold the risk of peptic
ulcer in aspirin/NSAID users (prevalence of peptic ulcer
in H pylori positive: 53% and H pylori negative: 21%, OR: 3.5)
and 18-fold in subjects not taking aspirin/NSAID (prevalence
of peptic ulcer in H pylori positive: 18% and H pylori negative:
0%, OR: 18.1)[35]. Thus, the risk of peptic ulcer is approximately
60-fold higher in H pylori positive aspirin/NSAID users
compared with H pylori negative subjects not taking aspirin/
NSAID [35]. Moreover, H pylori infection was shown to
increase the risk of ulcer bleeding 1.8-fold, aspirin/NSAID
use 4.85-fold, and the presence of both factors 6.1-fold
compared with the risk of bleeding among H pylori negative
subjects not taking aspirin/NSAID[35]. H pylori infection has
also been found to increase the risk of upper gastrointestinal
bleeding even in chronic users of low dose aspirin[27]. In a
more recent case-control study from our group, H pylori
infection was again found to increase the risk for upper
gastrointestinal bleeding in aspirin/NSAID users 2.9-fold,
or 1.7-fold when adjustment for other risk factors for
bleeding was performed[28]. Taking all together, it seems that
aspirin/NSAID use and presence of H pylori infection are
at least independent risk factors for peptic ulcer and bleeding
from peptic ulcer.

RANDOMIZED CLINICAL TRIALS
H pylori eradication in naive aspirin/NSAID users
If H pylori gastritis does enhance the risk for ulcer bleeding
in aspirin/NSAID users, then H pylori eradication should
substantially reduce such a risk in this setting. Since the risk
of bleeding in aspirin/NSAID users is strongly related to
the duration of drug use, being higher in subjects with new
or recent drug onset (<1-3 mo) than in chronic drug users
(>1-3 mo)[36-38], the possible beneficial effect of H pylori
eradication on naive aspirin/NSAID users was initially
evaluated. In fact, only naive users of non-aspirin NSAIDs
have been included in the relevant clinical trials to date,
while the possible benefit of H pylori eradication in naive
users of aspirin has not been evaluated yet.
H pylori eradication before NSAID use was found to
significantly reduce the occurrence of peptic ulcers in 92
H pylori positive, NSAID naive patients with musculoskeletal
pain treated with an 8-wk course of naproxen at a daily
dose of 750 mg (peptic ulcers: 3/45 or 7% of patients in
the H pylori eradication group vs 12/47 or 26% of patients
in the placebo group, P = 0.01)[39]. In a longer trial with a
similar design, H pylori eradication before NSAID use was
again found to significantly reduce the risk of peptic ulcers
in 100 H pylori positive, NSAID naive, patients with
arthritis and a history of peptic ulcer or dyspepsia treated
with a 6-mo course of diclofenac slow release at a daily
dose of 100 mg (peptic ulcers: 5/51 or 12% vs 15/49 or
34%, P = 0.0085)[40]. In the latter trial, H pylori eradication
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was also found to significantly reduce the risk of ulcer
complications as well [6-mo probability: 4.2% (1.3-9.7) vs
27.1% (14.7-39.5), P = 0.0026][40].
H pylori eradication in chronic aspirin/NSAID users without a
history of peptic ulcer complications
The results of the first large clinical trial of H pylori eradication
in chronic NSAID users raised several questions for the
benefit of such an intervention. In this trial[41], 285 H pylori
positive chronic NSAID users with past or current peptic
ulcers or NSAID-associated dyspepsia who continued a
minimum dosage of NSAID for at least 6 mo were randomized
to receive H pylori eradication therapy with omeprazole,
amoxycillin and clarithromycin (n = 142) or omeprazole
plus placebo antibiotics (n = 143) for 1 wk. Subsequently,
all patients received omeprazole 20 mg daily for 3 wk
followed by an additional 4-wk omeprazole course in cases
with endoscopically detected peptic ulcers at 4th wk. The
probability of being peptic ulcer free at 6th mo was similar
in the H pylori eradication [0.56 (95%CI: 0.47-0.65)] and
the omeprazole-control group [0.53 (95%CI: 0.44-0.62)],
while healing of gastric ulcers was significantly impaired in
the H pylori eradication group (gastric ulcers healed at 8th wk:
72% in the H pylori eradication group vs 100% in the
omeprazole-control group, P = 0.006)[41].
The design of the latter trial, however, was different
from the design of the trials in naive NSAID users, since
H pylori eradication therapy was given to subjects with ulcers
or at high-risk of ulcers, who had already been on longterm NSAID consumption. Moreover, both the H pylori
eradication and control groups were treated with 4-8 wk of
omeprazole for ulcer healing. The lower probability of gastric
ulcer healing at 8 th wk in the H pylori eradication group
should be associated with the more potent antisecretory
activity of the PPIs including omeprazole in the presence
than absence of H pylori infection[42]. Similar findings have
also been observed in another large study including 692
chronic NSAID users, in which gastric ulcer healing with
ranitidine or lansoprazole was shown to be significantly
enhanced in the presence of H pylori infection (healing of
gastric ulcers at 8th wk: 70% in H pylori positive vs 61% in
H pylori negative, P<0.05)[43]. According to these data, it has
been reasonably suggested that any attempt to eradicate H pylori
infection should follow ulcer healing in the management of
chronic NSAID users, although the efficacy of such an
approach remains to be tested. The efficacy of H pylori eradication in chronic aspirin users has not been evaluated yet.
H pylori eradication in chronic aspirin/NSAID users with a
recent peptic ulcer complication
Subjects with a history of upper gastrointestinal bleeding or
other peptic ulcer complications represent a particular subgroup
of aspirin/NSAID users who are at a high risk for recurrent
bleeding during continued aspirin/NSAID use[44,45]. Strategies
that may prevent bleeding in this setting include concurrent
therapy with a PPI or eradication of H pylori infection in
H pylori positive subjects. The efficacy of these two strategies
was evaluated in a large clinical trial including 400 H pylori
positive aspirin/NSAID users with a history of upper
gastrointestinal bleeding[46]. All patients initially discontinued
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aspirin or NSAID therapy and were treated with omeprazole
20 mg daily for at least 8 wk to promote ulcer healing.
Once the healing of ulcer was confirmed, 250 patients who
were given 80 mg of aspirin daily for heart disease or stroke
and 150 patients who were given 500 mg of naproxen twice
daily for arthritis, both for at least 6 mo, were separately
randomized to receive 20 mg of omeprazole daily for 6 mo
or a 7-d course of H pylori eradication therapy followed by
placebo once daily for 6 mo. In patients taking aspirin, no
significant difference in the probability of recurrent bleeding
during the 6-mo follow-up period was observed between
those who received H pylori eradication therapy (1.9%) and
those who received omeprazole (0.9%) (absolute difference:
1%, 95%CI: -1.9-3.9%). In contrast, in patients taking
naproxen, the 6-mo probability of recurrent bleeding was
significantly lower in the omeprazole (4.4%) than in the
H pylori eradication group (18.8%) (absolute difference:
14.4%, 95%CI: 4.4-24.4%, P = 0.005)[46]. According to these
data, it seems that, after ulcer healing, H pylori eradication
may be effective in preventing recurrence of upper
gastrointestinal bleeding in chronic aspirin users, but not in
chronic NSAID users, who require long-term potent
antisecretory therapy with a PPI.
Whether the combination of H pylori eradication and
long-term use of PPIs may further decrease the risk of
recurrence of peptic ulcer complications in chronic aspirin
users was evaluated in a recent clinical trial[47]. Thus, 123
H pylori positive patients with a history of an aspirin-related
peptic ulcer complication and current peptic ulcer were
initially treated with a 7-d H pylori eradication therapy
followed by 40 mg of famotidine daily for 5 or 13 additional
weeks until ulcer healing. Then, they all restarted taking
100 mg of aspirin daily and randomized to receive 30 mg
of lansoprazole daily or placebo. During a median followup of 12 mo, recurrence of ulcer complications was observed
in 9 (14.8%) of 61 patients in the placebo group and in
only 1 (1.6%) of 62 patients in the lansoprazole group
(adjusted hazard ratio: 9.6, 95%CI: 1.2-76.1, P = 0.008)[47].
It should be noted, however, that four of the nine placebo
treated patients with a recurrence of ulcer complications
were reinfected with H pylori and an additional two patients
of this group took other NSAIDs. Despite these problems
in the latter trial, it is becoming widely accepted that longterm therapy with a PPI after H pylori eradication offers
additional benefit in preventing peptic ulcer complications
in high risk H pylori positive chronic aspirin users[19].

DISCUSSION
All existing data suggest that the presence of H pylori infection
represents an additional risk factor for peptic ulcer complications in aspirin/NSAID users[19,48]. However, in current
clinical practice which should be guided by the evidencebased medicine and should take into account the cost/benefit
analysis of any major intervention, the management of H pylori
infection and generally the gastrointestinal prevention in
aspirin/NSAID users should probably be individualized
(Table 1). Thus, the optimal management of such subjects
appears to depend on the main factors affecting the risk of
ulcer complications, which are: (1) whether the subject is a
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Table 1 Recommendations[19,48] and evidence for the H pylori test-and-treat approach and/or the long-term therapy with a proton pump
inhibitor (PPI) in users of aspirin or non-steroidal anti-inflammatory drugs (NSAIDs)
H pylori test-and-treat approach

Long-term PPI therapy

Naive aspirin users

Recommendation

No

Naive NSAIDs users

Recommendation-evidence[39,40]

No

Chronic aspirin users
With a recent ulcer complication
At high risk for ulcer complication

Recommendation1-evidence[46,47]
1

Recommendation

At low risk for ulcer complication

No

Recommendation-evidence[47]
Recommendation
No

Chronic NSAIDs users
With a recent ulcer complication
At high risk for ulcer complication

Potential benefit1,2
1,2

Potential benefit

At low risk for ulcer complication

No

Recommendation-evidence[46]
Recommendation
No

1

H pylori eradication therapy in chronic users of aspirin or NSAIDs with a recent ulcer complication or those at a high-risk should be administered after confirmation of
ulcer healing. 2H pylori eradication therapy in chronic NSAIDs users with a recent ulcer complication or those at a high-risk may be given as a potentially beneficial
intervention in addition to the long-term PPI therapy.

naive aspirin/NSAID user or already on long-term (>1-3 mo)
or chronic drug use[36-38]; (2) whether the subject is at high
risk for bleeding or other complication of peptic ulcer
(history of complicated or uncomplicated peptic ulcer, age
older than 60-65 years, recent dyspepsia, treatment with
anticoagulants)[6,36-38,49]; and (3) perhaps whether they take
aspirin or non-aspirin NSAID[19,48].
In naive NSAID users, it is well accepted and supported
by strong data[39,40] that they should be tested for the presence
of H pylori infection and, if positive, receive H pylori eradication
therapy before NSAID use[19-48]. A similar strategy is also
suggested for naive aspirin users[19], although the efficacy
of such an approach has not been evaluated yet.
In chronic aspirin/NSAIDs users, the recommendations
may depend on the risk for peptic ulcer complications[6]
and the type of drug. The indication for use of aspirin or
NSAIDs should be first evaluated in all such users at high
risk for peptic ulcer complications. Moreover, the probability
and the cost/benefit of replacement of aspirin or NSAID
with a less gastrotoxic antiplatelet agent or a selective COX2 inhibitor respectively may be considered[6,11,12].
All individuals, who should continue taking aspirin after
development of a peptic ulcer complication, should be tested
for the presence of H pylori infection and, if positive, receive
H pylori eradication therapy after peptic ulcer healing. In
addition, they should subsequently receive long-term therapy
with a PPI[19,47]. A similar approach may be recommended
in chronic aspirin users without a recent ulcer complication
but at high risk for ulcer complication, such as those with a
history of peptic ulcer[19]. It should be noted, however, that
there are no strong data to support the combined prophylactic
approach with both H pylori eradication and long-term PPI
therapy in this setting.
All individuals, who should continue taking NSAIDs
being at high-risk for peptic ulcer complication, certainly
benefit from long-term therapy with a PPI[19,46,48]. The risk
of relapse of ulcer complication in chronic NSAIDs users
taking PPI, however, is higher than the risk of such a relapse
in aspirin users irrespective of the type of gastroprotection[46].
Thus, given that H pylori infection represents an independent
risk factor for gastrointestinal bleeding in chronic NSAIDs

users[35], it is often recommended that testing for H pylori
infection and, if positive, H pylori eradication therapy should
be offered to high-risk chronic NSAIDs users in addition
to the long-term PPI therapy[19], despite that there are no
strong data to support such an approach.
Finally, testing for H pylori infection or PPI therapy is
not recommended for chronic users of aspirin or NSAIDs
with no peptic ulcer or complication or those at a low risk
of the same[19].
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Abstract
To review the preventive approaches for recurrence after
curative resection of hepatic metastases from colorectal
carcinoma, we have summarized all available publications
reporting randomized control trials (RCTs) covered in
PubMed. The treatment approaches presented above
include adjuvant intrahepatic arterial infusion chemotherapy,
systemic chemotherapy, neoadjuvant chemotherapy, and
immunotherapy. Although no standard treatment has been
established, several approaches present promising
results, which are both effective and tolerable in posthepatectomy patients. Intrahepatic arterial infusion
chemotherapy should be regarded as effective and
tolerable and it increases overall survival (OS) and diseasefree survival (DFS) of patients, while 5-fluorouracil-based
systemic chemotherapy has not shown any significant
survival benefit. Fortunately chemotherapy combined with
hepatic arterial infusion and intravenous infusion has
shown OS and DFS benefit in many researches. Few
neoadjuvant RCT studies have been conducted to evaluate
its effect on prolonging survivals although many retrospective
studies and case reports are published in which
unresectable colorectal liver metastases are downstaged
and made resectable with neoadjuvant chemotherapy.
Liver resection supplemented with immunotherapy is
associated with optimal results; however, it is also
questioned by others. In conclusion, several adjuvant
approaches have been studied for their efficacy on
recurrence after hepatectomy for liver metastases from
colorectal cancer (CRC), but multi-centric RCT is still
needed for further evaluation on their efficacy and
systemic or local toxicities. In addition, new adjuvant
treatment should be investigated to provide more effective
and tolerable methods for the patients with resectable
hepatic metastases from CRC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Although many approaches have been invented for the
treatment of liver metastases from colorectal cancer (CRC)[1],
resection continues to be the only curative therapeutic option.
Liver resection is today a safe procedure, with a low mortality
rate of 0.8%[2] and a morbidity of 7.2%[3]. Though the 5and 10-year overall survival (OS) rates are 37% and 22%
respectively[4], recurrence is already evidenced, either in the
liver or with extrahepatic disease in about half of all resected
patients within 18 mo after resection [5] . Intrahepatic
recurrence, alone or with other localization, is common.
However, about 60% recurrences are seen in the remnant
liver[6]. In the last two decades people have tried a number
of approaches to prevent recurrence, but only a few of
them were designed as randomized control trials (RCTs),
which provide evidence-based results for those treatment
modalities. In this paper, we summarized the results from
RCTs, attempting to find a more suitable treatment modality
for prevention of recurrence.
LITERA
ATT U R E R E V I E W S O F R A N D O M I Z E D
CONTROL TRIALS TO PREVENT RECURRENCE
AFTER CURA
TIVE HEP
A TECTOMY FOR LIVER
CURATIVE
HEPA
MET
AST
ASES OF COL
ORECT
AL CARCINOMA
METAST
ASTASES
COLORECT
ORECTAL
Hepatic arterial infusion
Rationale for regional therapy after resection of liver
metastases is that hepatic metastases are perfused almost
exclusively by the hepatic artery, while normal hepatocytes
derive their blood supply from the portal vein, which
provides the basis for the use of regional hepatic arterial
infusion (HAI) therapy after resection of hepatic metastases.
Though favorable long-term results can be achieved after
surgery for colorectal metastases to the liver, recurrences
both intrahepatic and extrahepatic commonly occur[5,6].
Tumor cells from colorectal carcinoma spread hematogenously
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via the pertal circulation, making liver the first site of
metastases. The most common site of failure after resection
is within the remnant liver. Hence, additional therapy, either
regional or systemic or both, has potential as an adjunct
treatment after surgery. Extraction of drugs from the hepatic
arterial circulation ensures high drug concentrations to
residual cancer cells while minimizing systemic toxicity,
provided the agent used has a high first-pass extraction. Of
the various chemotherapy agents, 5-fluoro-2-deoxyuridine
(FUDR) is the most commonly used drug for this purpose,
which demonstrates 95% hepatic extraction when given via
HAI. FUDR via HAI markedly increases its estimated
exposure up to 400-fold. 5-FU is the other agent used in
this setting of regional therapy and its response rate can be
expected higher when used in combination with concomitant
leukovorin[7]. Combining 5-FU with other agents by hepatic
artery infusion has been proven to be an effective treatment
for liver metastases from CRC.
Table 1 summarizes the randomized series of adjuvant
intrahepatic therapy (with or without systemic therapy) after
potentially curative hepatic resection of metastatic CRC.
A small study by Lygidakis et al. [8], prospectively
randomized 40 patients to hepatic surgery alone or surgery
combined with post-operative regional chemoimmunotherapy
via implanted splenic and gastroduodenal arterial catheters,
and found that liver resection supplemented with postoperative
targeted transarterial locoregional immunotherapychemotherapy is associated with optimal results.
Asahara et al.[9], conducted a study to evaluate the efficacy
of postoperative transarterial infusion chemotherapy for
the prevention of recurrence after hepatectomy following
curative surgery for colorectal carcinoma. The result showed
that the 3- and 4-year survival rates are 100% in the
experimental group, and 60% and 47% respectively in the
control group.
Kemeny et al. [12], tried to improve the outcomes by
treating patients with HAI of floxuridine plus systemic
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fluorouracil after liver resection, and found that a 2-year
OS and DFS benefit in HAI group is 86% vs 72%, 57% vs
42%. After 2 years, the rate of survival free of hepatic
recurrence is 90% in the HAI group and 60% in the
monotherapy group, suggesting that for patients who
undergo resection of liver metastases from CRC,
postoperative treatment with a combination of HAI of
floxuridine and intravenous fluorouracil improves the
outcome.
Tono et al.[13], divided 19 patients who underwent curative
hepatectomy for metastatic colorectal carcinoma into HAI
group and control group. Patients in HAI group received
continuous intra-arterial infusion of 5-FU (500 mg/d), 4 d
a week for 6 wk. The study showed a significant 1-, 2-,
3-year prolongation of DFS in the HAI group (77.8% vs
50.0%, 77.8% vs 30.0%, 66.7% vs 20.0%, P = 0.045). The
1-, 3-, and 5-year cumulative survival rates for the HAI
group were 88.9%, 77.8%, and 77.8%, respectively, whereas
those of the control group were 100.0%, 50.0%, and
50.0%, respectively. This randomized study reveals that
short-term HAI of 5-FU after curative resection of
colorectal hepatic metastases is effective in preventing the
recurrence of disease and has no serious complications.
Kemeny et al. [14], studied the effect of postoperative
hepatic arterial floxuridine combined with intravenous
continuous infusion of fluorouracil on the OS and DFS of
patients, and found that the 4-year recurrence-free rate is
25% in the control group and 46% in the chemotherapy
group, the median survival time of the 75 assessable patients
is 49 mo in the control group and 63.7 mo in the
chemotherapy group, demonstrating that adjuvant intraarterial and intravenous chemotherapy is beneficial to the
prevention of hepatic recurrence after hepatic resection
of CRC.
However, in a German co-operative multicenter study[11],
patients were randomized to resection only or resection plus
6 mo of HAI of 5-FU/LV given as a 5-d continuous

Table 1 Randomized series of adjuvant intrahepatic arterial chemotherapy after surgical resection of hepatic metastases
Authors
Lygidakis et al.[8]

Treatment protocol
Surgery+HAI chemoimmunotherapy

Sample size
(Tx/Ctl)

Observation
time

DFS Tx vs Ctl

OS Tx vs Ctl

40 (20/20)

3 yr

NA

Median 20 vs

vs surgery alone
Asahara et al.[9]

Surgery+HAI chemotherapy

Conclusions
Beneficial

11 (mo) (P<0.05)
38 (10/28)

NA

NA

vs surgery alone

3-yr 100% vs 60%

Beneficial

4-yr 100% vs 47%,
respectively (P<0.05)

Rudroff et al.[10]

Surgery+HAI 5-FU/MMC

30 (14/16)

5 yr

vs surgery alone
Lorenz et al.[11]

Surgery+HAI 5-FU/LV

226 (113/113)

NA

156 (74/82)

2 yr

vs surgery alone
Kemeny et al.[12]

Surgery+HAI FUDR/DEXA+IV
5-FU/LV vs surgery+IV 5-FU/LV

Tono et al.[13]

Surgery+HAI 5-FU+oral 5-FU

19 (9/10)

vs surgery+oral 5-FU

5-yr 15% vs

5-yr 25% vs 31%

23% (P>0.05)

(P>0.05)

beneficial

Median 14.2 vs

Median 34.5 vs

Not

13.7 (mo) (P>0.05)

40.8 (mo) (P>0.05)

beneficial

2-yr 57% vs 42%

2-yr 86% vs 72%

Beneficial

(P = 0.07)

(P = 0.03)

62.2 (mo)

1-, 2-, 3-yr 77.8%,

1-, 2-, 3-yr 88.9%,

(mean)

77.8%, 66.7% vs

77.8%, 77.8% vs

50.0%, 30.0%, 20.0%

100.0%, 50.0%, and

respectively (P = 0.045)

Not

Beneficial

50.0% respectively
(P = 0.2686)

Kemeny et al.[14]

Surgery+HAI FUDR+IV 5-FU

109 (53/56)

NA

vs surgery
Tx: treatment; Ctl: control; DFS: disease-free survival; OS: overall survival; NA: not available.

4-yr 46% vs 25%

Median 63.7 vs

(P = 0.04)

49 (mo) (P = 0.60)

Beneficial
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infusion every 28 d. No differences in time-to-progression,
time-to-hepatic progression, or median OS are noted in this
study.
Rudroff et al. [10], evaluated the preventive effect of
adjuvant intra-arterial chemotherapy after R0 liver resection
and found that there is no significant difference in either
5-year survival or long-term disease-free status between
the two groups. They concluded that routine application of
adjuvant regional chemotherapy after R0 liver resection is
not warranted.
A recent meta-analysis[15] also showed that hepatic artery
chemotherapy after curative hepatectomy metastases cannot
improve the OS.
The above data suggest that adjuvant intrahepatic arterial
chemotherapy combined with or without intravenous
chemotherapy can inhibit the recurrence, and that the toxicity
and side effects are tolerable.
At present, the superior rates of response and survival
reported with irinotecan- and oxaliplatin-based regimens[16-19]
provide a new standard first-line treatment of metastatic
CRC, which have led to more clinical trials to re-evaluate
the efficiency of HAI combining irinotecan or oxaliplatin
on recurrence after curative hepatectomy for CRC. At the
Memorial Sloan-Kettering Cancer Center (MSKCC), a phase
I/II study used HAI with floxuridine and dexamethasone
in combination with systemic irinotecan as adjuvant therapy
following curative hepatectomy in 90 CRC patients. The
maximum tolerable dose of combined HAI+systemic
irinotecan is 0.12 mg/kg FUDR with systemic CPT-11 at
200 mg/m 2 every other week, the 2-year survival rate is
87%[20-22]. Oxaliplatin, a new cytotoxic agent, when used in
combination with 5-FU/LV (FOLFOX), can achieve more
than 50% clinical response and a median survival time of
16.2 mo in untreated patients with metastatic CRC[18,19],
suggesting that oxaliplatin-based regimens combined with
HAI of FUDR have a promising result.
HAI of FUDR plus systemic 5-FU/LV following
resection of hepatic metastases decreases local recurrence
and improves OS. It is necessary to further study the effect
of HAI combing newer systemic agents, such as irinotecan
and oxaliplatin and to make it clear which combination of
regimens are the most effective and well-tolerated.
Systemic chemotherapy
While patients who undergo resection of liver metastases
from CRC can prolong their survival time, the majority
will have relapse not only intrahepatically but also
extrahepatically. Therefore, the investigation of adjuvant
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therapies designed to decrease relapse is warranted.
Adjuvant chemotherapy via HAI after resection of liver
metastases has shown its efficacy in terms of both diseasefree survival (DFS) and OS. On the contrary, the role of
“adjuvant” chemotherapy following liver resection for
hepatic colorectal metastases remains unclear. Some
retrospective trials about adjuvant 5-FU-based systemic
chemotherapy have not shown any significant survival
benefit[18,19]. Few prospective randomized studies have been
performed to answer the question whether postoperative
chemotherapy improves survival in comparison to liver
resection alone. However, the effects on survival of
postoperative systemic chemotherapy are currently under
evaluation. The following are recent RCT studies on
systemic chemotherapy (Table 2).
Lopez-Ladron et al. [24], studied the outcome of 38
patients with resection of liver metastases from CRC, and
found that the median OS time of patients who did not
receive CT is 15 mo, while patients who received CT after
hepatic surgery have a median survival time of 30 mo.
The actual OS of patients who received adjuvant CT seems
to be higher, suggesting that these results should be
confirmed in phase III studies.
An intergroup multicentric randomized study [23] was
performed to evaluate the value of FU/FA after complete
resection of liver metastases compared to surgery alone.
The result is in favor of patients who received systemic
chemotherapy after resection of liver metastases.
At present, more studies are focused on the effect of
HAI combined with systemic chemotherapy on the OS and
DFS[12,14] (Table 1).
In general, systemic chemotherapy alone cannot inhibit
recurrence in patients after resection of hepatic colorectal
metastases, although systemic 5-FU/LV and HAI of FUDR
following resection of hepatic metastases decrease local
recurrence and improve 2-year survival. Both hepatic and
extrahepatic relapses remain a problem. Studies on newer
systemic agents such as irinotecan and oxaliplatin are under
way.
Neoadjuvant therapy
The application of neoadjuvant chemotherapy has a number
of potential advantages in patients with resectable liver
metastases. Firstly, it helps the selection of chemotherapeutic
agents after resection. The degree of response gives
information on the in vivo chemosensitivity of the tumor.
In patients with fewer responses or severe toxicity, the same
agents should be avoided and alternative agents should

Table 2 RCT studies on efficacy of systemic chemotherapy on prevention of recurrence
Authors
Lopez-Ladron et al.[24]

Treatment protocol

Sample size
(Tx/Ctl)

Surgery+post-operative

38 (28/10)

chemotherapy vs surgery alone
Portier et al.[23]

Surgery+post-operative
chemotherapy (FU/FA)

162 (81/81)

Observation
time

DFS Tx vs Ctl

OS Tx vs Ctl

Conclusions

Median 15

Median 15 vs 9

Median 30vs15

Not beneficial,

(mo)

(mo) (P = 0.352)

(mo) (P = 0.066)

needing
further study

5 yr

5-yr 33% vs 24%
(P>0.05)

5-yr 51% vs 44%
(P>0.05)

vs surgery alone
Tx: treatment; Ctl: control; DFS: disease-free survival; OS: overall survival; NA: not available.

Not beneficial
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Table 3 RCTs on efficacy of neoadjuvant chemotherapy
Authors

Treatment protocol

Lorenz et al.[29]

Biweekly FOLFOX regimen×6

Bathe et al.[30]

Sample size
(Tx/Ctl)

Observation
time

40 (20/20)

NA

DFS Tx vs Ctl
NA

OS Tx vs Ctl

Conclusions

NA

Induced significant remissions

cycles vs biweekly FOLFOX
regimen×3 cycles

without increasing morbidity

5-FU+leukovorin+CPT-11

Ongoing

Tx: treatment; Ctl: control; DFS: disease-free survival; OS: overall survival; NA: not available.

be considered after resection. Secondly, neoadjuvant
chemotherapy may also help the selection of candidates
for resection, which means patients who develop extrahepatic
disease during a short course of chemotherapy are unsuitable
for resection in the first place. Finally, neoadjuvant
chemotherapy enhances resectability in some instances[25-27].
Reduction of tumor volume may limit the amount of liver
that needs to be removed to accomplish eradication of the
tumor and preserve more normal hepatic tissues.
Most reports on neoadjuvant chemotherapy for liver
metastasis focus on the strategies for unresectable tumors[25,28].
The reported resectability rate ranges from 10% to 40%
for unresectable colorectal liver metastases after preoperative
chemotherapy.
Recently, Lorenz et al.[29], conducted a prospective pilot
study of neoadjuvant chemotherapy with 5-fluorouracil,
folinic acid and oxaliplatin for resectable liver metastases
of CRC, and found that neoadjuvant chemotherapy for
resectable liver metastases induces significant remissions
without increasing morbidity (Table 3).
Due to the potential advantage in patients with resectable
liver metastases and new regimens using either oxaliplatin
or irinotecan in combination with 5-FU, one phase II study[30]
of neoadjuvant 5-FU+leukovorin+CPT-11 in patients with
resectable liver metastases from colorectal adenocarcinoma
is under investigation. The general aim of this study is to
determine the efficacy of neoadjuvant chemotherapy for
patients with ablatable liver metastases from CRC in reducing

recurrence rate. Response to the chemotherapy regimen
will constitute an in vivo chemosensitivity test, and this will
guide adjuvant chemotherapy following resection of liver
metastases from CRC.
Immunotherapy
Since early 1990s, immunotherapy has become a very
attractive cancer treatment modality. However, it is not so
effective as expected in a number of clinical trials[31,32].
Recently a series of clinical trials have begun to investigate
the effect immunotherapy on recurrence of cancer after
surgery. The summary of these RCTs are as follows (Table 4).
Lygidakis et al.[8], compared the effect of liver resection
combined with post-operative locoregional immunotherapy
+chemotherapy on recurrence after curative hepatectomy
of hepatic colorectal metastases, and found that the survival
time of control group ranges from 4 to 25 mo (mean 11 mo),
suggesting that liver resection in combination with
postoperative targeted transarterial locoregional immunotherapy
-chemotherapy is associated with good results. It is highly
recommended as the procedure of choice for patients with
liver metastasis of colorectal carcinoma.
Lygidakis et al.[33], showed the same results, which support
post-operatively locoregional chemotherapy for hepatic
metastases of CRC. Lygidakis et al. [34] , reported that
regional immunochemotherapy combined with systemic
chemotherapy leads to a lower incidence of disease recurrence
and a significant prolongation of the OS and DFS time.

Table 4 RCTs of immunotherapy
Authors
Lygidakis et al.[8]

Treatment protocol

Sample size
(Tx/Ctl)

Observation
time

Surgery+post-operative HAI

40 (20/20)

3 yr

DFS Tx vs Ctl

OS Tx vs Ctl

Conclusions

NA

Median

Beneficial

immunochemotherapy
vs surgery alone
Lygidakis et al.[33]

Post-operatively locoregional
immunochemotherapy vs

20 vs 11 (mo)
(P<0.05)
45 (33/15)

NA

NA

Median
20.3 vs 9.9 (mo)

Beneficial

122 (62/60)

NA

2-yr
66% vs 48%

2-yr 92% vs 75%
5-yr 73% vs 60%

Beneficial

19 (12/7)

NA

NA

NA

Beneficial

post-operatively locoregional
chemotherapy
Lygidakis et al.[34]

Elias et al.[35]

Locoregional chemoimmunotherapy
with systemic chemotherapy vs
systemic immunochemotherapy
Preoperative rIL-2 continuous
intravenous infusion

(well tolerated
and reverse
postoperative
immunodepression)

Gardini et al.[36]

Post-operative TIL+IL-2
vs post-operative+chemotherapy

45 (25/22)

NA

Tx: treatment; Ctl: control; DFS: disease-free survival; OS: overall survival; NA: not available.

1-, 3-, and 5- yr
No difference

1-, 3-, and 5-yr
No difference

Not beneficial
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Elias et al.[35], investigated prehepatectomy immunostimulation with recombinant interleukin-2 (rIL-2) and
evaluated the tolerance of rIL-2 in association with major
hepatectomy to verify the effect of preoperative immunostimulation (neoadjuvant immunotherapy), and found that
toxicity during rIL-2 infusion is acceptable, suggesting that
infusion of rIL-2 before major hepatectomy for liver
metastases of CRC is well tolerated and reverses postoperative
immunodepression.
Gardini et al.[36], also studied immunotherapy with tumor
infiltrating lymphocytes (TIL) plus interleukin-2 (IL-2) as
adjuvant treatment, and found that there are no significant
differences in the actual and DFS rates after 1, 3, and
5 years, suggesting that whether TIL+IL-2 treatment is an
effective adjuvant therapy needs to be further studied.

10

11

12

SUMMARY
Number of preventive treatment protocols for inhibiting
recurrence after curative resection of liver metastases from
colorectal origin have been evaluated by RCT. Although no
standard treatment has been proven to be effective in all
patients, several approaches present promising results, which
are both effective and tolerable in post-operative patients.
Generally intrahepatic arterial infusion chemotherapy is
effective in preventing the recurrence of disease without
serious complications, while systemic chemotherapy is not
in favor of patients who receive systemic chemotherapy
after liver metastases resection. Neoadjuvant chemotherapy
has shown an advantage in patients with resectable liver
metastases. Immunotherapy approaches can achieve a better
outcome, but need more evidence before wide acceptance.
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Abstract
AIM: The aim of the present study is to use immunohistochemical methods to investigate the clinical implications
of tumor markers in esophageal squamous cell carcinoma
and evaluate their impact on prognosis.
METHODS: From November 1990 to December 1996, 47
patients were treated with preoperative radiation followed
by radical esophagectomy. All patients were confirmed
pathologically as suffering from squamous cell carcinoma.
Immunohistochemical stain was done for PCNA, cyclinD1
protein expression and DNA content analyzed by image
cytometry. Kaplan-Meier method for single prognostic
factor and log-rank test was used to test the significant
difference. Cox stepwise regression model and prognosis
index model were used for survival analysis with multiple
prognostic factors.
RESULTS: Radio-pathological change, T stage and N
stage, as the traditional prognostic factors had statistical
difference in 3-, 5- and 10-year survival rates. While, tumor
cell proliferating marked PCNA, cyclinD1 and DNA content
served as independent prognostic factors of esophageal
carcinoma. There was definitely an identity between the
single and multiple factor analyses. PI was more accurate
to evaluate the prognosis of esophageal carcinoma.
CONCLUSION: It is possible that tumor cell proliferating
marked PCNA, cyclinD1 and DNA content would become
the endpoints for evaluating the prognosis of esophageal
carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Esophageal cancer, the sixth most common cancer worldwide,
is one of the most interesting cancers in terms of its geographic
distribution, variety of environmental factors including tobacco,
alcohol, nutritional deficiencies and nitrosamines[1,2]. The ratio
of the incidence rates between high-risk and low-risk areas
can be as great as 500:1, e.g., Cixian, in Hebei Province of
northern China, has received worldwide attention over the
past decades because of its high esophageal cancer incidence.
Results from earlier studies show that malignant transformation
of human esophageal mucosa is a multistage process. An
early indicator of abnormality in persons predisposed to
squamous cell carcinoma (SCC) is the proliferation of
esophageal epithelial cells, morphologically manifested as
basal-cell hyperplasia (BCH) and dysphasia (DYS). However,
key molecular changes in the esophageal carcinogenesis still
remain to be characterized[3].
Furthermore, genetic factors, such as the activation of
oncogene and the inactivation of tumor suppressor genes,
are believed to play important roles. Earlier studies have shown
the PCNA (proliferating cell nuclear antigen) is a 36-ku,
261-amino acid non-histone polypeptide that is localized in
the nucleus and is associated with cell proliferation with
function as an auxiliary protein to DNA polymerase-delta.
PCNA appears to be necessary for DNA replication and
elevated level of this protein at the G1/S phase transition
are present in cells undergoing division[4,5].
Recent evidence has suggested that cyclinD1 gene (also
referred to as prad1) amplification might also be involved
in the development of esophageal carcinoma. The cyclinD1
gene has been mapped to the chromosome 11q13 locus
close to the int2 and hst1 genes. The complex of cyclinD1
protein and cyclin-dependent protein kinases (cdks) may
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govern key transitions in the cell cycle. Zhang[6] found that
cyclinD1 gene was amplified and its protein expression
increased in only one-third of the esophageal SCC. However,
the knowledge of the role of cyclinD1 in esophageal
carcinogenesis is not yet definite in detail, since the level of
cyclinD1 protein in different stages of carcinogenesis of
esophageal carcinoma has not been determined[6].
In the current study, it is possible to use only cancer cells
for analyzing the DNA patterns and ploidy in cytophotometry.
Most investigators have shown in clinical esophageal SCC,
high-ploidy tumors grow more rapidly than low-ploidy ones,
and the duration from curative esophagectomy to recurrence
decreases in proportion to the degree of DNA aneuploidy[7].
Thus, despite aggressive therapy for esophageal cancer,
the outcome is generally poor with a large number of patients
developing rapid recurrence even after curative operation[8,9].
If the prospect of prognosis and metastasis could be predicted
preoperatively, it would be appropriate to select the most
adequate treatment for individual cancer patient. Thus multidisciplinary treatment including chemotherapy and irradiation
would be reserved for patients predicted to have a poor
prognosis while a less aggressive approach could be undertaken
for those with better prognosis. Though most of the previous
lectures showing DNA ploidy, AgNoRs and amplification
of some oncogenes had been investigated to determine their
prognostic value in esophageal cancer, the indication by
PCNA, cyclinD1 protein expression combined with DNA
ploidy have not been reported. It is expected to be of interest
to evaluate them together as predictors of the malignant
potential. In this report, we examined the cyclinD1, PCNA
protein and DNA ploidy of esophageal carcinoma in 47
paired specimens from endoscopic biopsy and surgical
resection tissue, with biologic features and prognostic value
was also discussed.

MA
TERIALS AND METHODS
MATERIALS
Patients
There are 47 patients (median age 62 years, range 33-74 years,
28 males and 19 females) with SCC of esophagus treated
from November 1990 to December 1993 by preoperative
radiotherapy followed by curative esophagectomy at the
Fourth Hospital, Hebei Medical University, in northern
China. All patients had been examined by gastrointestinal
endoscopy, barium swallow, chest X-ray and liver ultrasound
scans. Patients with stage IV disease shown by computed
tomography were excluded. Pathological evaluation done
according to the criteria established by the Chinese Society
for Esophageal Disease (Henan,1987), showed all patients
were suffering from SCC. We had obtained two sets of
specimens from each patient: endoscopic biopsy before
preoperative radiotherapy and the surgical specimens of
the same patient after esophagectomy of which the tumor
markers in all 47 paired specimens were investigated. The
maximum follow-up was 144 mo with a median of 56 mo.
Radiotherapy
All the 47 patients received preoperative radiotherapy,
the external beam radiation was given by a 10-MV X-ray
(Linear Accelerator, SIEMENS, PRIMUS) using the
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conventional fractionated irradiation. The irradiated volume
included the gross tumor with a safety margin of 5.0 cm
both proximally and distally. Treatment was given through
two opposing fields (anterior and posterior); 2.0 Gy was
delivered daily for 5 d a wk to a total dose of 30-40 Gy in
15-20 fractions over 3-4 wk.
Esophagectomy
Transthoracic esophagectomy, the most common approach
through a right or left thoracotomy incision depending on
the preference of the surgeon and the location of the tumor
was performed. Tumor located in the lower third of the
esophagus usually was approached through a left thoracotomy.
A left sixth interspace incision provides excellent exposure
of the lower mediastinum. Gastrointestinal reconstruction
was subsequently achieved by prepared esophageal substitute
(usually the stomach), by passing of a prepared esophageal
substitute, usually the stomach underneath the aortic arch
and suture to the esophageal stump. Definite esophagectomy
was undertaken 3 wk after radiotherapy.
Immunohistochemical stain
Biopsy and surgical specimens were fixed in 40 g/L
formaldehyde and embedded in paraffin wax. Five-micron
sections cut from each specimen, dewaxed in xylene, rehydrated
through grading concentrations of ethanol were immersed
in 3% hydrogen peroxide to block the endogenous peroxidase
and washed in phosphate buffered saline. For cyclinD1 and
PCNA immunohistochemical stain, tissue sections were
heated in 10 mmol/L sodium citrate (pH 6.0) in a microwave
oven for 10 min to expose the antigens, and, then, treated
with normal goat serum (10%) before staining to reduce
nonspecific antibody binding. Tissue sections were incubated
overnight for cyclinD1. CyclinD1 and PCNA stain
at 4
with the following antibodies: mouse monoclonal anticyclinD1 antibody (Novocastra Laboratories Ltd., UK) at
1:20 dilution and mouse monoclonal anti-PCNA antibody
(PC-10, Dakopath,Glostrup, Denmark) at 1:100 dilution.
The sections were then washed and incubated with
biotinylated goat anti-rabbit IgG (Vector Laboratories,
Burlingame, CA) at room temperature for 30 min. After
washing, the sections were incubated with avidin-biotinperoxidase complex at room temperature for 30 min with
the vectastain Elite ABC kit (Vector Laboratories Burlingame,
CA). Color developed with 3,3-diaminobenzidine as the
substrate. Sections were counter-stained with Harris acid
hematoxylin to demonstrate the specificity of the immunostain
and the primary antibodies were replaced with similar protein
concentrations of normal rabbit IgG.
The PCNA, cyclinD1 protein expression of the endoscopic
biopsy and surgical specimens were compared by two
histopathologists by the double-blind arrangement in
assessing the tumor response to radiotherapy. For cyclinD1
and PCNA, 1 000 tumor cells in five high-power fields
were counted respectively. PCNA index was the percentage
of nuclei stained positive. PCNA index greater than 25%
was taken as PCNA positive. PCNA index lower than 25%
was taken as PCNA-negative. For cyclinD1, positive cell
nucleus not found was taken as negative. When the percentage
of positive cell nucleus was greater than 30%, it was taken
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as strongly positive. Between the two levels, it was positive.
Therefore three grades were ascertained for cyclinD1
expression[5,9,10].
Analysis of DNA content
Cellular DNA analysis was performed on paraffin sections
cut 100 µm thick. The sections were stained with Feulgen
stain and examined using a microspectrophotometer by twowavelength method. Data processing was carried out with a
personal computer (HP-85, Hewlett-Packard, Palo Alto, CA,
USA). In each section, the mean DNA value of 20 stromal
lymphocytes was used as a control of the normal diploid
complement (2C). The relative DNA content as compared
with the 2C value was determined in 100 tumor cells in
each lesion as previously described [11,12]. The DNA
distribution patterns were then classified into four types,
according to the degree of the peak and dispersion on the
DNA histogram, as follows: Type I, a prominent peak in
the 2C region with a dispersion to the 4C region, Type II, a
relative high peak in the 2C-3C regions with a dispersion
limited to the 6C region, Type III, a low peak beyond the
3C region with less than 20% of the cells beyond the 6C
region and Type IV, multiple peaks with a broad dispersion
and more than 20% of cells beyond the 6C region.
Statistical analysis
PCNA, cyclinD1 protein expression index and DNA
distribution pattern were analyzed and regarded in the clinicopathological features as determined by the χ2 test. Difference
between the cumulative survival rates of patient groups
were calculated by log-rank test for comparison of Kaplan–
Meier survival curves. The significance of various parameters
on survival were analyzed by multivariate Cox regression
model. A P value of 0.05 or less was considered statistically
significant (statistical software SPSS 10.0 for Windows).

RESUL
TS
RESULTS
Response to preoperative radiotherapy and the overall survival
of patients
All the patients had received preoperative radiotherapy
followed by definite surgical resection. The complete
response rate as shown by pathology was 29.8% (14/47)
for the entire group treated by preoperative radiotherapy
and 5-year survival rate was 71.4% (10/14) for 14 patients
with complete response by pathology. The overall survival
rates of all these patients in the 3, 5 and 10-years were
54.3%, 46.2% and 38.8%, respectively.
Expression of PCNA, cyclinD1 immunoreactivity and DNA
content in the tumor cells by histopathology
PCNA stain was almost entirely confined to the cell nuclei
and showed diffuse and granular pattern or a mixture of
both. While cyclinD1 stain was present in the cytoplasm
around the cell nuclei in most parts, and a few parts in the
tumor cell nuclei. At the same time, PCNA stain was observed
in the basal layer of stratified squamous epithelium in normal
tissue. In this study, all cyclinD1 present both in the stained
nuclei and the cytoplasm around them were considered as
protein expression positive carcinoma cells. We took both
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Types I and II DNA content as the low ploidy pattern and
Types III and IV as the high ploidy pattern.
Analysis of cyclinD1, PCNA expression and DNA distribution
pattern with regard to clinicopathological features and
prognosis
Kaplan-Meier method was used to analyze the single factors,
including age, sex, irradiation dose, location of disease, length,
and radiation response observed by pathology, T stage, N
stage, PCNA index, cyclinD1 protein expression and DNA
content pattern, e.g. Types I and II or Types III and IV
influenced the prognosis of esophageal carcinoma obviously.
0.05 was
The P value as checked by the log-rank test
taken as significant. Only the four preoperative radiotherapy
factors: radiation changes observed by pathology, T stage,
N stage and cyclinD1 protein expression before radiation
in the endoscopic biopsies; those observed in the surgery
rescected specimens showing, PCNA index, cyclinD1expression
level, DNA content pattern, revealed significant difference
(P<0.05, Table 1), whereas age, sex, total tumor dose, location
and length of disease possessed no value in prognosis.
Multiple varieties combined by Cox hazard risk model analysis
T stage, N stage, pathological changes after radiotherapy,
pre-radiotherapy cyclinD1 protein expression and postradiotherapy PCNA index, cyclinD1 protein expression and
DNA content pattern with Cox hazard risk regression model
were analyzed. The most significant factors were the postradiotherapy PCNA index and DNA content pattern
(specimens from surgical specimens). Furthermore, each
factor by single parameter analysis gave the most marked
prognostic difference, while multivariation considered by
Cox model, clearly affected the prognosis of esophageal
cancer patients (Table 2).
Analysis of esophageal squamous cell carcinoma by prognosis
index model
According to the formulation of prognosis index (PI) model
from statistic software, it was defined as 0 which had the
least influence on prognosis. Number 2 had the greatest
effect on prognosis .When the number was 1, the prognosis
was between 0 and 2. For example, T stage divided by T1,
T2, T3 would show difference on patients survival and we
gave them the number 0, 1, 2 respectively as shown in
Table 2. The group’s weight (0, 1, 2 or 0, 1) times the
coefficient of Cox regression model (β value). Then by
adding each group’s data results would give each patient’s
PI value, e.g., different factors (T stage, N stage, PCNA,
cyclinD1 expression, etc.) at the same weight number. For
example, all number 0 patients, or number 1 patients, or
number 2 patients would give the PI (prognosis index) value
for each patient (Table 3).
Different PI values give different prognosis
According to the distribution of PI values in all patients,
the four subgroups were divided according to different PI
values. PI values lower than 2.0, between 2.0 and 5.0, between
5.0 and 7.0 or higher than 7.0 may go stepwise further with
the median survival terms and 3-, 5-, 10-year survival rates
of the four subgroup patients would reveal significant
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Table 1 Relation between accumulated survival rates and clinicopathological and tumor cell protein expression pre- or post-radiotherapy
Factors

Patient number

Median (mo)

Mean (mo)

3 yr (%)

5 yr (%)

10 yr (%)

Log-rank

P

0.6705

0.2513

0.2317

0.4084

0.6470

0.2588

0.8864

0.1877

0.9653

0.1672

5.1450

0.0764

8.9800

0.0113

2.4170

0.0078

0.8880

0.1873

10.3990

0.0055

0.5158

0.3032

4.1124

0.00002

7.9215

0.0191

3.7074

0.0001

Sex
Male

28

48

76

60.7

49.7

38.2

Female

19

27

62

44.9

45.1

38.1

26

31

66.6

50.4

49.7

36.8

21

50

74.2

57.7

45.2

39.6

23

53

78.4

56.5

56.5

46.3

24

35.5

63.5

52.6

39.6

30.3

Age (yr)
50
>50
Total dose
35 Gy
>35 Gy
Site of lesion
Upper-thoracic

10

69.5

81.5

70.0

70.0

46.7

Middle-thoracic

37

31.0

67.9

50.2

41.7

35.4

39

48

77.1

58.1

50.1

41.4

8

22.5

40.0

37.5

37.5

18.8

Tumor length
7.0 cm
>7.0 cm
Pathological change
after radiation
Grade III

24

93

95.0

70.8

62.3

57.6

Grade II

15

26

49.3

40.0

40.0

16.0

Grade I

8

13

38.6

31.1

15.6

15.6

T1

11

135

112.9

90.9

81.8

61.9

T2

19

48

77.5

57.9

46.9

41.0

T3

17

19

36.1

26.0

26.0

17.3

N0

39

60

81.7

61.5

53.7

42.6

N1

8

12

17.6

16.7

16.7

0

T stage

N stage

Pre-radiotherapy PCNA
Low expression

21

35.5

67.4

50.0

42.0

32.9

High expression

26

48

75.1

60.4

55.2

44.2

Negative

21

135

106.3

80.9

71.4

61.6

Positive

20

19

46.2

32.5

32.5

24.4

Strong positive

6

24

28.7

33.3

16.7

0

I+II Type

10

98.5

88.9

60.0

60.0

50.0

III+IV Type

37

40.0

65.9

53.0

44.3

34.3

Pre-radiotherapy cyclinD1

Pre-radiotherapy
DNA content

Post-radiotherapy PCNA
Low expression

17

135

107.4

81.5

73.9

61.8

High expression

30

18

21.4

16.1

9.8

0

Post-radiotherapy cyclinD1
Negative

17

77

94.1

76.5

70.4

49.8

Positive

22

30

64.4

53.1

43.1

37.8

Strongly positive

8

21

39.0

12.5

12.5

12.5

I+II Type

23

135

110.7

87.0

78.3

60.2

III+IV III+IV Type

24

20

32.5

22.0

16.6

16.6

Pre-radiotherapy
DNA content

Prognostic parameters in 47 patients with SCC of esophagus.

Table 2 Independent predictors of survival in 47 esophageal SCC patients according to multivariate Cox regression analysis
Factors
Pathological radiation change’s
Surgical specimens T stage
Surgical specimens N stage
Pre-radiotherapy cyclinD
Post-radiotherapy cyclinD1
Post-radiotherapy PCNA
Post-radiotherapy DNA

Group

Group value

β value

SD

P

Risk

III/II/I Grades
T1/T2/T3
N0/N1
N/P/SP
N/P/SP
Low/high expression
I+II Type/III+IV Type

0/1/2
0/1/2
0/1
0/1/2
0/1/2
0/1
0/1

0.6405
0.7678
1.2957
0.8434
0.6538
2.0965
1.5593

0.2451
0.2737
0.4845
0.2564
0.2643
0.4720
0.4287

0.0090
0.0050
0.0075
0.0010
0.0134
0.0000
0.0003

0.1582
0.1744
0.1634
0.2139
0.1462
0.3032
0.2413
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Table 3 Formula for calculation of prognosis index with different indicator factors
Factors

Group

Pathological radiation change’s
Surgical specimens T stage

III/II/I Grades
T1/T2/T3
N0/N1
N/P/SP

Surgical specimens N stage
Pre-radiotherapy cyclinD

Group value (1)

β (2)

0/1/2
0/1/2

0.6405
0.7678

(1)x(2)
(1)x(2)

0/1
0/1/2

1.2957
0.8434

(1)x(2)
(1)x(2)

prognosis index (PI)1

Post-radiotherapy cyclinD1
Post-radiotherapy PCNA

N/P/SP
low/high expression

0/1/2
0/1

0.6538
2.0965

(1)x(2)
(1)x(2)

Post-radiotherapy DNA

I+II Type/III+IV Type

0/1

1.5593

(1)x(2)

Each prognosis indexes were added together.

Cumulative percent (%)

differences (Table 4, Figure 1). It was multiple variety
combined analysis, which showed a clear difference in
survival among the four subgroups.

100
80

log-rank = 21.88 P = 0.00007

60
40

PI< = 2.0 n = 17
PI 2.0-5.0 n = 8
PI 5.0-7.0 n = 10
PI>7.0 n = 12

20
0
0

20 40

60 80 100 120 140 160 180
Time (mo)

Figure 1 The survival curves with different PI value.

DISCUSSION
Cancer of the esophagus is the most common cancer in
northern China, for which current consensus of treatment
varies from surgery, radiotherapy, chemotherapy, and
endoscopic laser surgery or their combination. The outcome,
however, remains dismal because most patients are seen
with advanced disease on diagnosis[13-15]. Thus, what the
majority of patients need is a multimodality program. Yet
how to know which patients really need which modality is
still an open focus. Nevertheless, traditional prognostic
factors: T stage, N stage are basically the most important.
Yet up to now, their application has merely been used by
the surgically treated patients. For conservative treatment,
besides the TNM classification system, additional variables
such as biological staging for the intrinsic malignant potential
of the tumor, are to be useful to determine the treatment
and long-term survival[16].
Recently, with rapid advance in biological and genetic
studies, more and more tumor markers are being correlated

with tumor characteristics[8]. The ability to predict, on the basis
of immunocytochemical assessment of pretreatment biopsy,
which patients are likely to respond to chemoradiotherapy
would be a major advance in the management of cancer
patients. Thus, it is possible to provide the most adequate
protocol for different patients by combining traditional
factors and the markers of tumor cells[16].
Several studies [8,9,15] have shown that high PCNA
expression in esophageal tumor is associated with a worse
prognosis in surgical patients and greater likelihood of
recurrence. However, such a report on PCNA, and cyclinD1
protein expression examined simultaneously in biopsy and
resected specimens of esophageal carcinoma has never been
seen. Nor possible correlation between PCNA, cyclinD1
protein expression and the traditional prognostic factors (T
stage, N stage) to chemoradiotherapy has never been
investigated. Immunohistochemical detection of PCNA
being simple and useful for the study of cell kinetics, allows
the retrospective evaluation of the proliferating state of
the tumor as it can be used in conventionally fixed materials.
Many authors[17,18] showed the higher PCNA index patients
usually gave the worse prognosis with local recurrence. In
the past years, it has been proved that the combination of
PCNA index with the AgNOR count appears to be an
effective means of identifying patients with poor prognosis.
For patients with a PCNA index of
44 and AgNOR
6, multidisciplinary treatment should be
count of
recommended in an attempt to prolong survival. However,
in this study, PCNA index as checked by endoscopic biopsies
have not shown such influence on survival[9].
Furthermore, we have found PCNA protein expression
to be significantly high in surgically resected specimens with
PCNA index 63.8% (30/47) compared to the endoscopic
biopsy before radiation 55.3% (26/47). At the same time,
patients with high PCNA index in the surgically resected
specimens had the worse prognosis. PCNA protein expression
examined after radiotherapy made a significant difference
to esophageal cancer prognosis. The repopulation of tumor
cells after radiation may exist which results in local recurrence
of esophageal carcinoma after radiotherapy.

Table 4 Median survivals and survival rates with subgroups divided by prognosis index (%)
Prognosis indexes
<2.0
2.0-5.0
5.0-7.0
>7.0

Number patients
17
8
10
12

Median month
146
93.5
20
13

3 yr

5 yr

10 yr

100
50
30
9.6

88.2
50
30
0

69.7
50
0
0
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The most important advantage of PCNA, cyclinD1
immunohistochemical assay is that the analysis changes are
restricted to the tumor cells. In contrast, flow cytometry
assay, all cells in the tissue block are measured and in DNA
diploid cases, this means that SPF reflects the sum of cell
proliferation that estimates the malignant and benign (stromal
and inflammatory cells) components[9].
Most studies [6,19] reported patients with cyclinD1
amplification and protein expressions had a poor outcome
and a higher incidence of distant metastasis than those in
amplification-negative or protein expression-negative groups.
The surgical survival rates and disease-free survival in the
high cyclinD1 expression group were significantly shorter
than in the cyclinD1 low or non-expression group. CyclinD1
amplification and protein expression in patients with SCC
of the esophagus would mean a grave biological malignancy.
Naiton et al.[20], reported 55 esophageal cancer patients with
a ratio of cyclinD1 protein-positive expression of 38% gave
a 5-year survival rate of 7%, as compared with the 5-year
survival rate of 59% in patients who showed cyclinD1 protein
negative expression (P<0.01). In 1998, Ishikawa[21] studied
cyclinD1 protein expression in esophageal SCC and observed
similar results. Our checked results showing higher cyclinD1
protein expression both in endoscopic biopsy and surgical
resected specimens also gave bad prognostic results (Table 1).
In our previous study, the clinical characteristics of patients
with SCC of the esophagus, such as outcome and distant
organ metastases, were found to be closely correlated with
cyclinD1 amplication and protein expression in the tumor
tissue. It was observed that parameters were independent
from clinicopathological factors for the outcome and
metastasis. It was the second highest partial regression
coefficient after the pN factor in the life table with Cox
proportional hazard model, and the probability rate was
significant[19,21]. In this study, the same results were obtained.
From Table 2, it is apparent that both the cyclinD1 protein
expression in biopsy and surgical specimens had a significant
effect on the prognosis of SCC of the esophagus. Specially,
cyclinD1 protein-positive expression in endoscopic biopsy
was the third highest partial regression coefficient after the
PCNA index and DNA content in the resected specimens
in multivariate analysis using the Cox proportional hazard
model. We speculate that the cyclinD1 protein prognostic
value maybe relatively high as the most useful factor for
predicting the outcome in SCC of the esophagus in the
previous study, e.g., pN factor and pT. According to the
results of both univariate and multivariate analyses, the fact
that patients with cyclinD1 protein-positive had a poor
outcome in every group implies this agent is a useful prognostic
indicator in esophageal carcinoma. Hence, it may very well
supplement the TNM classification for predicting clinical
characteristics and outcome, especially for patients who are
destined to undergo non-operative treatment. For these
patients, TNM classification could hardly be of any assistance
to offer an endpoint and select more appropriate protocol
for patients with SCC of the esophagus. By checking cyclinD1
protein expression level, the ultimate combined TNM
classification could thus be perfected.
The essence of cell division really is the DNA replication
and changes of DNA distribution pattern which predict
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tumor cell proliferation kinetics. Here cytophotometric
technique is to analyze the DNA content pattern both in
endoscopic biopsy and resected specimens. The most important
advantage of DNA content checked by cytophotometric
method is that the analysis is restricted to the tumor cells, as
compared to flow cytometry, by which all cells in the tumor
tissue are measured .It reflects the sum of cell proliferation
which estimates both malignant and benign (stromal cell
and inflammatory cell) components[9]. In clinical esophageal
carcinoma, high-ploidy tumors grow more rapidly than lowploidy ones and the duration from curative esophagectomy
to recurrence decreases in proportion to the degree of DNA
aneuploidy, a view believed by many authors.
During early years, some authors[9,11,22] reported the
relationship between DNA content of a variety of human
cancer cells and their malignant potential as measured by
cytophotometric analysis, most of who reported that such
measurement are useful in elucidating the pattern of tumor
progression or the prognosis with most of the results being
negative between DNA content and long-term survival. For
example, Miun et al.[22], reported 78 esophageal cancer patients
who gave 5-year survival rate of 14% and 57% in high
DNA content and low DNA content groups with statistical
significance in the difference (P = 0.03). Matsuura[11] found
that not one patient survived over 5 years in DNA triploids
or tetraploidy, but the 5-year survival rate was 70% in DNA
diploidy patients. Our study shows no influence on survival
or prognosis by biopsy DNA content measurement. The
measured results may have been inaccurate due to the very
small size of biopsy specimens. From Tables 1 and 2, the
surgically resected specimens gave DNA content measurement
showing significant correlation between the results and the
prognosis of SCC of esophagus as assessed by univariate
and multivariate analyses. This result conforms well to most
of the studies reported so far[9,11].
Through combination of the traditional prognostic
factors and tumor cell markers, the radiation pathological
changes, T stage, N stage, cyclinD1, PCNA protein expression
and DNA content as analyzed by Cox proportional hazard
model, it is found that patients with grade III pathological
changes, T1 stage, N0 stage, cyclinD1 protein-negative, lower
PCNA index and DNA content pattern Types I and II, give
higher long-term survival than the control groups.
With the total patients divided into four subgroups
according to the formulation of prognosis index model,
prognosis is observed to be worse with higher prognosis
index, giving significant difference in spite of the few patients
allotted. This result clearly demonstrates the evaluation of
SCC of esophagus by prognosis index model with multivariate
factors is dependable and accurate.
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Abstract
AIM: To observe the anti-cancer effect of iNOS selective
inhibitor (aminoguanidine, AG) and investigate the relationship
between iNOS inhibitor and angiogenesis, infiltration or
metastasis in MFC gastric cancer xenografts.
METHODS: Fifty athymic mice xenograft models were
established by inoculating gastric cancer cell MFC
subcutaneously. Twenty-four hours later, 0.9% sodium
chloride solution, mitomycin, low dosage AG, high dosage
AG, mitomycin and AG were administered by intraperitoneal
injection respectively. Thus these mice were divided into
five groups of 10 each randomly: control group, MMC group,
AGL group, AGH group, MMC+AGH group. Two weeks later
the mice were killed, and the tumor weight, inhibitory rate
were evaluated. Greiss assay was used to detect the nitric
oxide levels in plasma. HE and immunohistochemistry
staining were used to examine microvessel density (MVD)
and the expression of iNOS, VEGF, and PCNA. Apoptosis
was detected by using TUNEL assay.
RESULTS: The inhibitory rates in MMC+AGH group and
AGH group were 52.9% and 47.1% respectively, which is
significant statistically compared with that of control group
(0). In treatment groups, the cell proliferation index (PI)
was lower and apoptosis index was higher than those of
control group. Microvessel density, iNOS, and VEGF in
MMC+ AGH group were 8.8±2.6, 2.4±1.1, and 2.1±1.4
respectively, which is significant statistically compared
with those of control group (68.3±10.6, 11.3±1.3, and
10.3±1.6). The NO level in plasma of MMC+ AGH and AGH
group were 12.7±2.1 and 12.9±2.0 µmol/L. Compared with
that of control group (46.6±2.3 µmol/L), the difference is
statistically significant.
CONCLUSION: AG has anticancer effect on gastric cancer,
and it has positive synergistic effect with chemotherapeutic
drugs. It may play important inhibitory roles in angiogenesis
of gastric cancer. The anticancer effect of iNOS inhibitors

http://www.wjgnet.com/1007-9327/11/3830.asp

INTRODUCTION
The incidence of gastric cancer is high in China, and more
than 170 000 people die of it each year[1]. It is significant if
certain drugs are found to lower its incidence, even prevent it.
To date, we know that carcinogenesis has intimate
correlation with angiogenesis[2-4]. So to reduce angiogenesis
probably may inhibit the growth and development of tumors[5].
It is well known that vascular endothelial growth factor
(VEGF) is an important angiogenesis factor[6,7]. We have
proved that inducible nitric oxide synthase (iNOS) can induce
the expression of VEGF in gastric cancer, and microvessel
density (MVD) can increase with the enhancement of iNOS
and VEGF [8-10]. So VEGF and iNOS both can induce
angiogenesis. So if the activity of iNOS is inhibited, tumor
angiogenesis may be reduced. As a result the growth and
development of tumors will be inhibited. Although the roles
that iNOS inhibitors play in various tumors and their
mechanisms are being widely studied recently, few people
have gone deep into in vivo experiment. Based on in vitro
cytologic experiments, this study went further into in vivo
experiment to confirm the anticancer effect of iNOS inhibitor
(aminoguanidine, AG).
MA
TERIALS AND METHODS
MATERIALS
Animals and cell line
Fifty Kunming mice (25 females, 25 males) weighing 20-25 g
were purchased from Experimental Animal Center of Jilin
University. Mice were maintained under specific pathogenfree conditions and fed with sterilized food and autoclaved
water. Human gastric cancer cell line MFC was purchased
from Shanghai Tumor Cell Research Institute.
Agents
Greiss reagent and AG were purchased from Sigma (St.
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Louis, USA). Immunohistochemical S-P kit and polyclonal
antibodies to iNOS, VEGF, PCNA, and FVIIIRag were all
from Fuzhou Maxim Biotechnical Company (Fuzhou, China).
Animal experiment procedure
Each mouse was inoculated with a subcutaneous injection
of MFC cells (2×106 in 0.2 mL PBS) into the left hind legs.
Then these mice were divided into 5 groups of 10 each
according to different agents which were administered to
mice by intraperitoneal injection for 14 d. These agents
included 0.9% sodium chloride solution (control group),
mitomycin (MMC group, twice a week 0.7 mg/kg), low
dosage of AG (AGL group, 50 mg/(kg d)), high dosage
of AG (AG H group, 150 mg/(kg d)) and MMC+AG H
group (MMC twice a week 0.7 mg/kg, AG 150 mg/(kg d)).
On the 15th d the mice were killed. The blood was taken
from abdominal aorta, then centrifuged for plasma to detect
NO level by Greiss assay. All tumors were resected from
the body and weighed. The inhibitory rate was deduced
according to the formula: inhibitory rate (%) = (1-tumor
weight of treatment group/tumor weight of control group)
×100%. Then the tumors were fixed in 40 g/L phosphatebuffered formaldehyde.
HE and immunohistochemical staining
Streptavidin-peroxidase (SP) method was used to detect
MVD and the expression of iNOS, VEGF and PCNA.
The formalin-fixed tissues were embedded in paraffin, and
sectioned at a thickness of 4 µm. The sections were
deparaffinized and hydrated gradually and examined by
histology of HE staining, immunohistochemistry, and TUNEL
technique respectively. Sections were heated in a microwave
oven for 15 min to retrieve antigens. Endogenous peroxidase
was blocked with 3 mL/L hydrogen peroxide methanol for
10 min at room temperature. After washing with phosphatebuffered saline (0.01 g/L, pH 7.4) for 3 min×5 min, the tumor
sections were incubated with normal non-immune serum
from bull for 15 min at room temperature to eliminate
non-specific staining. The sections were then incubated with
the primary antibody against iNOS, VEGF, PCNA, and
FVIIIRag (dilution 1/100) for 60 min at room temperature,
washed with PBS for 3 min×5 min, and incubated with the
secondary antibody for 15 min followed by avidin-biotinperoxidase for 15 min at room temperature. Finally, the
slides were washed for 3-15min with PBS, visualized with
DAB reagent and counterstained with hematoxylin. Negative
and positive controls were used simultaneously to ensure
specificity and reliability of the staining process. The negative
controls were performed by substituting the primary antibody
with PBS, and a positive section supplied by the manufacturer
of the staining kit was taken as positive control. Sections
were observed under microscope after being mounted. High
vessel density was found in 100×sights. Microvessels in 10
hot regions were counted in 400×sights, and the average
of microvessels with FVIIIRag staining in 10 hot regions
was calculated as MVD. Positive staining with iNOS, VEGF
and PCNA were defined by brown staining of cytoplasm.
The staining degree was calculated quantitatively with CIMA400 Colorful Image Assay System which can calculate the
percentages of positive staining region of the whole region.
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The percentage of positive cells with PCNA staining in five
400×sights was counted as proliferation index (PI).
Apoptosis detection by TUNEL method
The reagent kit for apoptosis detection, TdT-FragEL DNA
fragmentation detection kit was bought from ONCOGENE.
Test procedures consisting of the following sections were
provided in the brochure of the kit. The specimens were
deparaffinized and hydrated gradually, and rinsed with
1×TBS, then incubated with proteinase K (20 µg/mL
in 10 mmol/L Tris-HCl) for 20 min. After immersed in
30 mL/L H2O2 at room temperature for 5 min and in TdT
labeling reaction mixture at 37 for 1.5 h, specimens were
covered with 1×conjugate for 30 min, visualized by DAB
and counter-stained by hematoxylin afterwards. TBS took
the place of primary antibodies as a negative control. After
being mounted, sections were observed under microscope.
The results of staining were analyzed and evaluated with
American Image-Pro Plus software. The percentage of
positive cells with TUNEL staining in five 400×sights served
as apoptosis index (AI).
Statistical analysis
All data were presented as mean±SD. The results were
compared by one-way analysis of variance (ANOVA). All
statistical calculations were performed with the SPSS11.0
software package. A P value less than 0.05 was regarded as
statistically significant.

RESUL
TS
RESULTS
Effect of AG on tumor growth
The tumor volume of MMC group on the 7 th d was
(383.4±179.3) mm3, and on the 10th d those of AGH and
MMC+AG H groups were (382.8±132.8) mm 3 and (50.0
±16.6) mm3 respectively. The tumor cell proliferation was
almost completely suppressed. On the 14th d the tumor
weight of control group was (1.7±0.5) g, and those of MMC,
AGH and MMC+AGH groups were (1.0±0.2), (0.9±0.3) and
(0.8±0.2) g, respectively. Compared with control group, the
difference was significant statistically (P<0.01). The NO
level of plasma in AGL, AGH and MMC+AGH groups were
lower than that of the control group, and there was doseeffect relationship. The difference was significant statistically
(P<0.05, Table 1).

Table 1 Inhibitory effects of AG on transplanted stomach cancer in
mice (n = 10, mean±SD)
Group

Concentration of NO
in plasma (µmol/L)

Weight of tumor (g)

Inhibition rate (%)

Control
MMC

46.6±2.3
42.1±2.3

1.7±0.5
1.0±0.2b

41.2

AGL
AGH

17.3±2.0b
12.9±2.0b

1.1±0.3a
0.9±0.3b

35.3
47.1

MMC+AGH

12.7±2.1b

0.8±0.2b

52.9

a

P<0.05, bP<0.01 vs control group.

Expression of iNOS and VEGF and their correlation with MVD
MVD has positive correlation with iNOS and VEGF
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respectively. The coefficient of product-moment correlation
r VEGF = 0.80, r iNOS = 0.85, P<0.05. The linear regression
equation is YVEGF = 2.3565+0.1087X, n = 46, YiNOS = 1.8485
±0.1227X, n = 46. Student’s t test, P<0.05 (Table 2).

Table 2 Effects of AG on the microvessel density, the expression
of iNOS and VEGF in tumor (n = 10, mean±SD)
Group

iNOS

VEGF

MVD

Control
MMC

11.3±1.3
9.3±1.8a

10.3±1.6
8.9±2.1

68.3±10.6
56.9±10.3

AGL
AGH

7.1±1.7a
3.8±0.9b

7.6±1.2a
4.8±1.6b

44.4±16.5a
21.2±12.4 b

MMC+AGH

2.4±1.1b

2.1±1.4b

8.8±2.6b

P<0.05, bP<0.01 vs control group.

a

HE staining
In AG and MMC+AGH groups many necrotic cells were
seen and many inflammatory cells were invasive. The tumor
tissues were separated by necrosis regions. In MMC group
diffusely necrotic tissues could be seen. However, in control
group there were a few nuclear mitotic phases in tumor
cells and in tumor tissues few muscle fibers could be seen
(Figures 1A and B).
Immunohistochemical staining
MVD and the expression of iNOS and VEGF in AG groups
were apparently lower than those in the control (P<0.01).
The difference was significant statistically. This revealed
that AG could suppress angiogenesis of MFC xenografts.
(Table 2, Figures 1C-H).
Cell proliferation and apoptosis
PI of control group was significantly higher than that of AG
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group and MMC+AGH group (P<0.05), but the difference
was not notable between treatment groups. AI in treatment
groups was higher than that in the control group (P<0.05),
while there was also no difference between the treatment
groups. The AI/PI value was calculated and compared
among all groups. Consequently, it was apparently larger in
treatment groups (P<0.01), however no difference was
shown between them (data not shown).

DISCUSSION
NO which has many bilological functions is a cytokine in
mammifer[11]. It is synthesized from L-Arginine by iNOS
which is the only rate-limiting enzyme[12]. It involves a serial
physiological and pathological process, such as carcinogenesis.
NO can induce angiogenesis, but the mechanisms are not
clear[13-16]. However, several researches have revealed that
NO can regulate the roles of VEGF in inducing angiogenesis
by stimulating vascular endothelial cell proliferation and
migration and improving vascular penetration[17-20]. VEGF
can increase the activity of iNOS[6,7]. So iNOS and VEGF
have positive correlation[8-10]. It has been observed that iNOS
is highly expressed in many human tumors, such as colon
cancer, gastric cancer, ovarian cancer, breast cancer, etc.[21]. In
our previous study we have observed that the expression
of VEGF and iNOS in gastric cancer presents positive
correlation[8-10]. This indicates that iNOS plays an important
role in the expression and activity of VEGF. We also found
that iNOS and VEGF have positive correlation with the
clinicopathological characteristics of gastric cancer, such as
infiltration, lymphatic or hematogenous metastasis, etc. At
the same time MVD was higher with the enhancement of
VEGF and iNOS. This revealed that iNOS and VEGF can
induce angiogenesis in gastric cancer[8-10,21].
To explore the anticancer mechanisms of iNOS inhibitor
(aminoguanidine), in this study we evaluated the effect of

A

B

C

D

E

F

G

H

Figure 1 HE staining: morphology of tumor cells in AG group (A, original
magnification x100) and control group (B, original magnification x200);
immunohistochemical staining of tumor cells: the expression of FVIIIRag (C),

Volume 11

iNOS (E) and VEGF (G) in control group, and the expression of FVIIIRag (D),
iNOS (F) and VEGF (H) in AG group. (original magnification, x400).
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AG on tumor cell proliferation and apoptosis in xenografts.
The AI/PI, a value reflecting cytokinetics, showed a more
significant difference. Finally it is shown that compared with
control group, the inhibitory rate of treatment groups are
apparently higher. We also observed that AG obviously
decreases the expression of iNOS and VEGF, and reduces
MVD compared to that of control group. By immunohistochemistry (SP method) and Greiss assay we detected the
NO level in plasma. The results indicate that the anticancer
mechanisms of AG are mainly to inhibit the expression of
iNOS and reduce the NO level in plasma. Therefore, the
growth of tumor and angiogenesis are inhibited directly,
and MVD and the expression of VEGF are suppressed
indirectly. In this way the nutrition supply of the tumor is
impaired, and further cell proliferation is inhibited and cell
apoptosis is improved. These results are consistent with those
of Koh et al., They observed that AG could inhibit the activity
of iNOS in gastric cancer, and suppressed carcinogenesis.
At the same time AG and COX-2 selective inhibitors could
obviously inhibit the activity of iNOS and COX-2. So, the
primitive pathology of colon cancer (aberrant crypt foci,
ACF) is prevented.
Compared with traditional anticancer therapy, antiangiogenesis therapy has many superiorities. In this study the
effect of MMC group is similar to that of AG group.
However, the target of chemotherapeutic drugs is tumor
cells which have genetic instability and are apt to mutation
and drug-resistance, so the drug-resistance incidence of
chemotherapeutic drugs is 30%. And these drugs have many
toxic effects. In MMC+AGH group the anticancer effect is
the best which indicates that the effect of AG depends on
proper treatment opportunity and scheme. MMC and AG
have positive synergy. So certain drugs which can reduce
the NO level by inhibiting the expression and activity of
iNOS at cellular or genetic level probably may regulate the
NO level of tumor microvessel to inhibit carcinogenesis
and angiogenesis. And if combined with radiotherapy or
bioreactive modulators, it will play a more important role in
anticancer effect. This is the first part of a serial study, and
we will carry out the further study afterwards with molecular
biological technology, such as Southern blotting, Northern
blotting, RT-PCR, etc.
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hypermethylated at the hMLH1 promoter region.
Hypermethylation of the hMLH1 gene promoter was
significantly inversely correlated with mutation of the p53
gene.
CONCLUSION: These results suggest that cigarette
smoking and alcohol consumption may influence the
development of hMLH1-positive gastric cancer. Most
dietary factors and polymorphisms of GSTM1, GSTT1,
CYP1A1, CYP2E1, ALDH2, and L-myc genes are not
independent risk factors for gastric cancer with hypermethylation of the hMLH1 promoter. These data also suggest
that there could be two or more different molecular pathways
in the development of gastric cancer, perhaps involving
tumor suppression mechanisms or DNA mismatch repair.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: Hypermethylation of the promoter of the hMLH1
gene, which plays an important role in mismatch repair
during DNA replication, occurs in more than 30% of human
gastric cancer tissues. The purpose of this study was to
investigate the effects of environmental factors, genetic
polymorphisms of major metabolic enzymes, and
microsatellite instability on hypermethylation of the
promoter of the hMLH1 gene in gastric cancer.
METHODS: Data were obtained from a hospital-based,
case-control study of gastric cancer. One hundred and
ten gastric cancer patients and 220 age- and sex-matched
control patients completed a structured questionnaire
regarding their exposure to environmental risk factors.
Hypermethylation of the hMLH1 gene promoter,
polymorphisms of the GSTM1, GSTT1, CYP1A1, CYP2E1,
ALDH2 and L-myc genes, microsatellite instability and
mutations of p53 and Ki-ras genes were investigated.
RESULTS: Both smoking and alcohol consumption were
associated with a higher risk of gastric cancer with
hypermethylation of the hMLH1 gene promoter. High intake
of vegetables and low intake of potato were associated
with increased likelihood of gastric cancer with
hypermethylation of the hMLH1 gene promoter. Genetic
polymorphisms of the GSTM1, GSTT1, CYP1A1, CYP2E1,
ALDH2, and L-myc genes were not significantly associated
with the risk of gastric cancer either with or without
hypermethylation in the promoter of the hMLH1 gene.
Hypermethylation of the hMLH1 promoter was significantly
associated with microsatellite instability (MSI): 10 of the
14 (71.4%) MSI-positive tumors showed hypermethylation,
whereas 28 of 94 (29.8%) the MSI-negative tumors were

Key words: Gastric cancer; Environmental carcinogens;
Genetic polymorphisms; hMTLH1; Microsatellite instability;
p53; Ki-ras
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INTRODUCTION
Gastric cancer is the most common cancer among Koreans.
Environmental factors including cigarette smoking and
dietary intake have been implicated in the etiology of gastric
cancer[1-4]. Genetic polymorphisms of xenobiotic-metabolizing
enzymes can also affect susceptibility to cancer. Several studies
have reported that the genetic polymorphisms of metabolic
enzymes, such as cytochrome p450 2E1 (CYP2E1) [5] ,
glutathione S-transferase mu 1 (GSTM1)[6], glutathione Stransferase theta 1 (GSTT1)[7], aldehyde dehydrogenase 2
(ALDH2)[8], and L-myc proto-oncogene[9], and mutations
of p53 [10] and Ki-ras [11] genes are associated with the
development of gastric cancer.
Promoter hypermethylation is an alternative mechanism
of gene inactivation in carcinogenesis[12]. Several studies have
suggested that aberrant methylation of the promoter causes
transcriptional silencing of some important suppressor genes,
such as p16[13], E-cadherin[14], and von Hippel Lindau (VHL)
gene[15], and this has been implicated in the carcinogenic
process in many cancers[12]. In addition, it was recently shown
that hypermethylation of gene promoters increases along
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the pathway of development from chronic gastritis, intestinal
metaplasia, and adenomas to carcinomas of the stomach[16,17].
The hMLH1 protein, a mismatch repair enzyme, maintains
the fidelity of the genome during cellular proliferation. It
has no known enzymatic activity and probably acts as a
‘molecular matchmaker’, recruiting other DNA-repair
proteins to the mismatch repair complex[18]. Dysfunction of
a mismatch repair system such as hMLH1 and hMSH2 could
alter microsatellites, short tandem repetitive sequences[19].
Several reports have suggested that hypermethylation of
the hMLH1 promoter correlates with a loss of expression
of the gene, resulting in microsatellite instability in gastric
cancer[20,21].
There is evidence that diet may be associated with
hypermethylation of the hMLH1 gene promoter in gastric
cancer. Aberrant hypermethylation of the hMLH1 gene
promoter is frequently observed in cancers of digestive
organs such as the colon, rectum, and stomach[21,22], and
decreased levels of folate, vitamin C, and niacin can induce
hypermethylation of gene promoters[23]. These facts led us
to hypothesize that genetic polymorphisms and environmental
factors, such as cigarette smoking, alcohol consumption,
and diet, may interact during the hypermethylation of the
hMLH1 gene promoter and in the carcinogenesis of gastric
cancer. We studied the association between hypermethylation
of the hMLH1 gene promoter and environmental factors,
genetic polymorphisms of major metabolic enzymes, genetic
mutation of p53 and Ki-ras genes, and microsatellite
instability in gastric cancer.

MA
TERIALS AND METHODS
MATERIALS
Subjects
One hundred and ten individuals with gastric cancer and
220 age-matched (within 3 years) and sex-matched controls
were enrolled in this study. Cases of cancer were all
histologically confirmed from February 1997 to June 2002
at Chungbuk National University Hospital and Eulji
University Hospital, Korea. Control subjects were selected
from patients newly diagnosed with diseases other than
cancer at the same hospitals or from individuals receiving
routine medical examinations in Chungbuk National
University Hospital. Table 1 shows the age and gender
distribution of the subjects according to hypermethylation
of the hMLH1 gene promoter. The mean±SD ages were
59.81±11.23 years for cases and 59.60±11.03 years for
controls. This study was conducted in accordance with the
recommendations outlined in the Declaration of Helsinki
and all subjects provided written informed consent.
Table 1 Gender and age distribution of cases and controls

Gender
Male
Female
Age (yr)
–39
40–49
50–59
60–69
70–

Cases

Controls

70
40

140
80

6
11
34
40
19

12
22
68
80
38
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Exposure to environmental factors
Trained interviewers interviewed subjects using a structured
questionnaire within a month after the diagnosis of gastric
cancer or benign diseases or at the time of the hospital visit
for control subjects undergoing routine medical examination.
The questionnaire included questions on demographic
factors, smoking habits, alcohol consumption, and diet.
Dietary data were collected using a semiquantitative food
frequency table previously evaluated for validity and
reliability[24]. All subjects were asked about their average
frequency of consumption and portion size of 89 common
food items during the year preceding the interview. These
items were classified into 21 food groups having similar
ingredients. The 21 food groups were as follows: cereals;
potato; nuts; noodles; breads and cakes; vegetables;
mushrooms; fruits; meats; eggs; fishes and shellfishes; stews;
chicken; kimchi; soybean foods; soybean pastes; milk and
dairy products; butter, cheeses, and margarine; jams, honey,
candies, and chocolates; coffee and tea; seaweeds; and
alliums.
The amount of calories, nutrients, vitamins, and minerals
consumed for each food item was estimated by multiplying
the intake amount of the food item and its nutrient value.
The total intake of calories, nutrients, vitamins, and minerals
was calculated for each subject by summing the respective
calories, nutrients, vitamins, and minerals for each food
item[25]. The intake amounts of these factors were adjusted
for caloric intake using the method of Willett et al.[26].
Analysis of genetic polymorphisms
Genomic DNA was isolated from peripheral leukocytes by
proteinase K digestion and phenol-chloroform extraction.
A multiplex polymerase chain reaction (PCR) method[27] was
used simultaneously to detect the presence or absence of
the GSTM1 and GSTT1 genes with slight modification. The
primers used were 5’-GAA GGT GGC CTC CTC CTT
GG-3’ and 5’-AAT TCT GGA TTG TAG CAG AT-3’ for
GSTM1, 5’-TTC CTT ACT GGT CCT CAC ATC TC-3’
and 5’-TCA CCG GAT CAT GGC CAG CA-3’ for GSTT1,
and 5’-CAA CTT CAT CCA CGT TCA CC-3’ and 5’-GAA
GAG CCA AGG ACA GTT AC-3’ for β-globin, the internal
reference gene. The PCR reactions were performed in 25 µL
of a solution containing 50 ng of genomic DNA, 1× PCR
buffer [50 mmol/L KCl, 10 mmol/L Tris-HCl (pH 9.0),
1.5 mmol/L MgCl2, and 0.1% Triton X-100], 5 pmoL of
each primer, 80 µmol/L each dNTP, and 2.0 units Taq
polymerase (Promega, Madison, WI). Amplifications were
carried out in a thermocycler (MJ Research, Watertown,
MA) as follows: 5 min of denaturation at 94 , followed
for 1 min,
by 35 cycles consisting of denaturation at 94
for 1 min, and extension at 74
for
annealing at 58
1 min. PCR products were separated on 2% agarose gels
with ethidium bromide. GSTM1 and GSTT1 genotypes were
not scored unless the PCR product of the β-globin gene was
evident.
The A4889G polymorphism in exon 7 of the CYP1A1
gene was analyzed for each subject as described previously[28].
Briefly, PCR was performed using the primers 5’-GAA CTG
CCA CTT CAG CTG TC-3’ and 5’-GAA AGA CCT CCC
AGC GGT CA-3’. The temperature program for the PCR
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reaction was slightly modified. After initial denaturation for
5 min at 94 , a thermal cycle consisting of denaturation
for 90 s at 94 , annealing for 90 s at 53 , and extension
for 30 s at 74 , was repeated 35 times. The PCR products
(187-bp fragments) were digested with HincII restriction
enzyme at 37 overnight and subjected to electrophoresis
on 12% polyacrylamide gels. PCR analysis resulted in the
following genotype classification: a predominant homozygote
(Ile/Ile), a heterozygote (Ile/Val), and a rare homozygote
(Val/Val).
The 5’-flanking region polymorphism of the CYP2E1
gene was analyzed using procedures described previously[29].
Briefly, PCR was performed using the primers 5’-CCA GTC
GAG TCT ACA TTG TCA-3’ and 5’-TTC ATT CTG TCT
TCT AAC TGG-3’. Initial denaturation was performed at
for 5 min, followed by 35 thermal cycles consisting
94
of denaturation for 1 min at 94 , annealing for 1 min at
53 , and extension for 30 s at 74 . The 410-bp PCR
overnight and
product was digested with RsaI at 37
subjected to electrophoresis on 2% agarose gels. The
genotypes of CYP2E1 were classified as follows: a
predominant homozygote (c1/c1), a heterozygote (c1/c2),
and a rare homozygote (c2/c2).
The MboII polymorphism of ALDH2 was identified
using a PCR-RFLP method [30] with slight modification.
Briefly, PCR was performed using the primers 5’-CCA CAC
TCA CAG TTT TCT CTT-3’ and 5’-AAA TTA CAG GGT
CAA CTG CT-3’. We used the same PCR conditions as in
the CYP1A1 gene analysis. The 134-bp amplicon was
overnight
digested with MboII restriction enzyme at 37
and subjected to electrophoresis on 15% polyacrylamide
gels. The genotypes of ALDH2 were identified as the
predominant homozygote (NN), the heterozygote (ND),
and the rare homozygote (DD).
The polymorphism of the L-myc gene was analyzed using
procedures described previously [31]. Briefly, PCR was
performed using the primers 5’-ACG GCT GGT GGA
GTG GTA GA-3’ and 5’-AAG CTT GAG CCC CTT TGT
CA-3’. Initial denaturation was performed at 94 for 5 min,
followed by 35 thermal cycles consisting of denaturation
for 45 s at 95 , annealing for 40 s at 60 , and extension
for 40 s at 74 . The amplified 613-bp PCR product was
directly digested with the restriction enzyme EcoRI at 37
overnight and separated by electrophoresis on 2% agarose
gels. The genotypes of L-myc were classified as follows: a
predominant homozygote (LL), a heterozygote (LS), and a
rare homozygote (SS).
Methylation-specific PCR for hMLH1 promoter
Tissue samples from gastric cancer patients were immediately
frozen and stored in liquid nitrogen until analysis. DNA
was extracted using a DNA extraction kit (Promega)
according to the manufacturer’s instructions.
The promoter methylation status of the hMLH1 gene
was determined by methylation-specific PCR (MSP), as
described previously[32]. MSP distinguishes unmethylated
from hypermethylated alleles in a given gene based on
sequence changes produced after bisulfite treatment of
DNA, which converts unmethylated, but not methylated,
cytosines to uracils. Briefly, 2 µg of genomic DNA was
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denatured by treatment with NaOH and modified by
sodium bisulfite. DNA samples were then purified using a
Wizard DNA Purification Resin (Promega), treated again
with NaOH, precipitated with ethanol, and resuspended in
water. Modified DNA was amplified using the primer pairs
as follows: 5’-TTT TGA TGT AGA TGT TTT ATT AGG
GTT GT-3’ and 5’-ACC ACC TCA TCA TAA CTA CCC
ACA-3’ for the unmethylated reaction (124-bp), and 5’-ACG
TAG ACG TTT TAT TAG GGT CGC-3’ and 5’-CCT CAT
CGT AAC TAC CCG CG-3’ for the methylated reaction
(115-bp)[32]. PCR was performed in a thermocycler (MJ
Research) as follows: 5 min of denaturation at 95 , then
for 30 s,
35 cycles consisting of denaturation at 95
for 30 s.
annealing at 55 for 30 s, and extension at 72
PCR products were separated on 6% polyacrylamide gels
with ethidium bromide. DNA from blood samples was used
as a negative control for hypermethylated hMLH1.
Microsatellite instability
Microsatellite instability (MSI) was examined using BAT25
and BAT26 mononucleotide microsatellite markers. PCR
was performed in a 25 µL reaction volume containing 50 ng
of genomic DNA, 1× PCR buffer, 5 pmoL of each primer,
80 µmol/L each dNTP, 2.0 units Taq polymerase (Takara,
Shiga, Japan), and 0.2 µCi of α- 32 P-labeled dCTP.
Amplifications were carried out as follows: 5 min of
denaturation at 95 , then 35 cycles consisting of
for 50 s, annealing at 58
for 90 s,
denaturation at 95
for 90 s. Two microliters of PCR
and extension at 72
product was electrophoresed on 6% denaturing polyacrylamide
gels containing 6 mol/L urea at room temperature. The
gels were dried and autoradiographed on X-ray film. MSIpositive results were identified when the mobility of the
microsatellite fragment amplified from tumor DNA differed
from the corresponding blood DNA. Tumors were
considered microsatellite instability-positive (MSI+) if
they manifested instability at one or two loci or microsatellite
instability-negative (MSI-) if no unstable microsatellite was
found.
Sequencing of p53 and Ki-ras genes
Reverse transcription (RT)-PCR and direct sequencing
methods were used to detect mutations in p53 and Ki-ras
genes. Briefly, tissues from gastric cancer patients were
homogenized and RNA was isolated using TRIzol solution
(Invitrogen Life Technologies, Grand Island, NY). RT-PCR
to amplify p53 and Ki-ras cDNA were performed using
reagents purchased from Promega. Specific primers
synthesized by Bioneer Company (Cheongju, South Korea),
Ex Taq polymerase (Takara), dNTPs, MgCl2, PCR buffer,
and cDNA template were mixed and then amplified for 40
for 30 s and at 72
for 1 min. The cDNA
cycles at 95
regions were amplified using primers 5’-TCT AGA GCC
ACC GTC CAG GGA G-3’ and 5’-AAC CTC AGG CGG
CTC ATA GGG CA-3’ for the +2-+810 region of p53,
and 5’-ACC AGG GCA GCT ACG GTT TCC GT-3’ and
5’-TCA GTC TGA ATC AGG CCC TTC TGT-3’ for the
+443-+1 317 region of p53. Exons 1 and 2 of the Ki-ras
gene were amplified using primers 5’-GAC TGA ATA TAA
ACG TGT GGT AG-3’ and 5’-ACT GGT CCC TCA TTG
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CAC TG-3’. Before the RT-PCR products were sequenced
by cycle sequencing, a PCR purification kit (Boehringer
Mannheim, Indianapolis, IN) was used to remove unwanted
reagents from the PCR reaction. The purified PCR products
were then directly cycle-sequenced using an ABI PRISM
3100 Avant Genetic Analyzer (Applied Biosystems, Foster
City, CA) according to the manufacturer’s instructions.
Data analysis
Calorie-adjusted intakes of foods, nutrients, vitamins, and
minerals were categorized into low- and high-intake groups
based on the median values of the control population.
Alcohol consumption per week was calculated from questions
about the types, frequency, and average amount of alcohol
consumed. Alcohol consumption was categorized into three
groups: none, 280 g of alcohol/week, and >280 g of
alcohol/week. Subjects who had smoked 20 cigarettes or
more during their life were classified as smokers and those
who had not were considered nonsmokers. Pack-year was
used as an index of cumulative smoking.
The purpose of the study was to determine if dietary
factors, genetic polymorphisms, MSI, and mutations of p53
and Ki-ras genes were associated with hypermethylation of
Table 2 Interaction between cigarette smoking and alcohol intake,
and hMLH1 gene promoter hypermethylation in gastric cancer
Controls
(n)

Cases without
Cases with
χ2trend
hMLH1 promoter hMLH1 promoter
hypermethylation hypermethylation
(n)
(n)
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the hMLH1 gene promoter. We used unconditional logistic
analysis to compare the risk of exhibiting or not exhibiting
hypermethylation of the hMLH1 promoter in tumors and
controls using the SAS System for Windows (Release 8.1).
P-values less than 0.05 were considered significant.

RESUL
TS
RESULTS
There were significant differences according to the smoking
history, pack-years, and higher weekly alcohol intake between
patients with gastric cancers with hypermethylation of the
hMLH1 promoter and controls (Table 2). As the amount
of cigarette smoking or alcohol drinking increased, the risk
of gastric cancer with the hMLH1 promoter hypermethylation
(Table 3).
High consumption of potatoes and butter, cheese and
margarine was associated with lower risk of gastric cancer
with hypermethylation of the hMLH1 promoter. In contrast,
consumption of vegetables was associated with higher risk
of gastric cancer with hypermethylation of the hMLH1
promoter. High intake of mushrooms and fruits and low
intake of cereals and butter, cheese and margarine were
associated with higher risk of gastric cancer without
hypermethylation of the hMLH1 promoter (Table 4).
Among the nutrients, vitamins, and minerals evaluated, high
intake of protein, phosphorus, potassium, vitamin C, zinc,
and calcium was associated with higher risk of gastric cancer
without hypermethylation of the hMLH1 gene promoter.
However, the intake of nutrients, vitamins, and minerals

Smoking history
Non-smoker

102

27

13

Smoker

117

42

24

Referent (1.00)

1.16 (0.62–2.17)

3.04a (1.29–7.19)

95

26

15

Odds ratio

3.827

Table 4 Distribution of controls and cases with or without promoter
hypermethylation of the hMLH1 gene according to their intake of
food groups which were statistically significant

Alcohol drinking
Never
Ever
Odds ratio

124

43

Referent (1.00)

1.07 (0.57–2.01)

Controls
(n)

Cases without
hMLH1 promoter
hypermethylation
(n)

Cases with
hMLH1 promoter
hypermethylation
(n)

Low

110

45

17

High

109

24

20

Referent (1.00)

0.56a (0.32–0.99)

0.94 (0.45–1.96)

Low

109

36

27

High

110

33

10

Referent (1.00)

1.00 (0.57–1.74)

0.30b (0.14–0.67)

Low

110

29

12

High

109

40

25

Referent (1.00)

1.42 (0.82–2.46)

2.17a (1.03–4.58)
18

1.327

22
2.11 (0.90–4.98)

a

Odds ratio was adjusted for age and sex. P<0.05 vs others.

Cereal

Odds ratio

Table 3 Interaction between amount of cigarette smoking and alcohol intake, and hMLH1 gene promoter hypermethylation in gastric
cancer

Odds ratio

OR1 (95%CI2)
Cases without
hMLH1 promoter
hypermethylation
vs controls

Cases with
hMLH1 promoter
hypermethylation
vs controls

Cumulative smoking
0

Potato

Vegetable

Odds ratio
Mushroom

1.00

1.00

Low

110

26

1–15

0.96 (0.38–2.41)

0.86 (0.22–3.41)

High

109

43

19

16–34

0.92 (0.44–1.93)

0.75 (0.24–2.38)

Odds ratio

Referent (1.00)

1.85a (1.05–3.27)

0.89 (0.43–1.83)

35–

0.39a (0.16–0.93)

3.17a (1.20–8.42)

χ2trend

1.202

13

6.344a

Fruit
Low

110

25

Ethanol uptake

High

109

44

24

per week (g/wk)

Odds ratio

Referent (1.00)

1.86a (1.06–3.27)

1.69 (0.81–3.54)

24

1.00

1.00

Butter, cheese,

280

0.58 (0.29–1.14)

1.35 (0.51–3.55)

and margarine

281

0.68 (0.30–1.53)

3.94a (1.21–12.80)

Low

110

49

0.830

5.419a

High

109

20

13

Referent (1.00)

0.45b (0.24–0.81)

0.44a (0.20–0.93)

0

χ2trend

Odds ratio
1

Odds ratio estimated using a conditional logistic analysis. 2Confidence
interval. aP<0.05 vs others.

Odds ratio was adjusted for age and sex. aP<0.05. bP<0.01 vs others.
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did not differ significantly between patients with gastric
cancers with the hMLH1 promoter hypermethylation, those
with gastric cancers without it, or controls (Table 5).
Genetic polymorphism of GSTM1, GSTT1, CYP1A1,
CYP2E1, ALDH2 and L-myc was not associated with
development of gastric cancers with the hMLH1 promoter
hypermethylation or those without it (Table 6).
Hypermethylation of the hMLH1 gene promoter was
detected in 35.2% of patients with gastric cancer, in 13.6%
of those with MSI, in 28.2% of those with mutations of
p53, and in 4.9% of those with the Ki-ras gene (data not
shown). Hypermethylation of the hMLH1 promoter
occurred in 10 of 14 MSI+ cases (71.4%) and in 28 of
94 MSI- cases (29.8%). We found a striking association
between hypermethylation of the hMLH1 promoter and
MSI (Table 7). Hypermethylation of the hMLH1 gene
promoter was significantly inversely correlated with mutation
of the p53 gene (Table 7).

DISCUSSION
Cigarette smoking and alcohol consumption have been
identified as risk factors for gastric cancer in some studies[33-36],
although others have not found a causal relationship between
these factors[37,38] . Data from our unconditional logistic
models showed that both cigarette smoking and alcohol
consumption play dominant roles in the development of
gastric cancer with hypermethylation of the hMLH1
promoter, but not in the development of cancer without
Table 5 Distribution of controls and cases with or without promoter
hypermethylation of the hMLH1 gene according to their intake of
nutrients, vitamins, and minerals which were statistically significant
Controls
(n)

Cases without
hMLH1 promoter
hypermethylation
(n)

Cases with
hMLH1 promoter
hypermethylation
(n)

Protein
Low
High
Odds ratio

109

25

18

110

44

19

Referent (1.00)

1.81a (1.03–3.17)

1.00 (0.49–2.02)

109

25

20

High

110

44

17

1.82a (1.03–3.19)

0.77 (0.38–1.57)

Low

109

22

15

High

110

47

22

Referent (1.00)

2.38b (1.32–4.26)

1.24 (0.60–2.56)

110

19

13

Number 25

Table 6 Distribution of controls and cases with or without promoter
hypermethylation of the hMLH1 gene according to the genetic polymorphisms of GSTM1, GSTT1, CYP1A1, CYP2E1, NAT2, ALDH2,
and L-myc
Controls
(n)

Cases without
hMLH1 promoter
hypermethylation
(n)

Cases with
hMLH1 promoter
hypermethylation
(n)

GSTM1
Undeleted
Deleted

90
130

Odds ratio
GSTT1

Referent (1.00)

Undeleted
Deleted

117
103

Odds ratio
CYP1A1

Referent (1.00)

Ile/Ile
Ile/Val+Val/Val
Odds ratio
CYP2E1

21
48
1.67 (0.93–3.00)

1.32 (0.76–2.29)

115
104

1.18 (0.56–2.47)
17
21
1.47 (0.72–2.98)

36
33
1.02 (0.59–1.77)

129
88

22
15
0.74 (0.36–1.52)

44
26

Odds ratio
ALDH2

Referent (1.00)

NN
ND+DD

139
79

Odds ratio
L-myc

Referent (1.00)

Low
High

13
25

32
37

Referent (1.00)

c1/c1
c1/c2+c2/c2

0.89 (0.51–1.56)

25
13
0.76 (0.37–1.59)

38
31
1.45 (0.83–2.52)

52
164

Odds ratio

Referent (1.00)

Odds ratio

Volume 11

hypermethylation of the promoter. This finding suggests
that smoking- or alcohol-related biological pathways leading
to the development of gastric cancer involve hypermethylation
of the hMLH1 promoter. Although it is unclear whether
smoking induces hypermethylation of the hMLH1 gene
promoter in humans, recent reports indicate an association
between DNA methylation and tobacco carcinogens in
animal models[39,40]. Previous studies have also shown that
smoking and alcohol consumption increase the risk of
developing microsatellite-unstable tumors[41,42].
The exact mechanism of DNA hypermethylation by
alcohol is unknown. However, it has been hypothesized that

Phosphorus
Low

July 7, 2005

26
11
0.73 (0.34–1.56)

20
48

Referent (1.00)

1.59 (0.86–2.92)

9
29
1.56 (0.61–3.99)

Odds ratio was adjusted for age and sex.

Potassium

Odds ratio

Table 7 Frequencies of mutations of the p53 and Ki-ras genes,
and microsatellite instability according to hMLH1 promoter
hypermethylation

Vitamin C
Low
High
Odds ratio

109

50

24

Referent (1.00)

2.78b (1.53–5.05)

1.74 (0.84–3.63)

110

23

15

Zinc
Low
High

109

46

22

Referent (1.00)

2.20b (1.23–3.91)

1.31 (0.64–2.70)

Low

110

22

15

High

109

47

22

Referent (1.00)

2.32b (1.30–4.14)

1.34 (0.65–2.76)

Odds ratio
Calcium

Odds ratio

Gene
P53
No

hMLH1 promoter hypermethylation
Yes (%)

No (%)

OR1 (95%CI2)

χ2

P

4.199

0.041

31 (81.58)

46 (65.71)

1.00

Yes
Ki-ras

7 (18.42)

24 (34.29)

0.34 (0.12–0.95)

No
Yes

37 (97.37)
1 (2.63)

58 (93.55)
4 (6.45)

1.00
0.47 (0.05–4.72)

0.407

0.524

MSI
No

28 (73.68)

66 (92.86)

1.00

7.458

0.006

Yes

10 (26.32)

4 (7.14)

3

1

Odds ratio was adjusted for age and sex. aP<0.05, bP<0.01 vs others.

6.19 (1.67–22.88)

Odds ratio was adjusted for age and sex. 2Confidence interval. 3Microsatellite
instability.
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alcohol could influence carcinogenesis by influencing mucosal
cell proliferation and related histological changes[43]. These
changes have been associated with mucosal hyperregeneration, which may make the mucosa more susceptible
to the action of other carcinogens such as cigarette smoke[43].
Therefore, alcohol consumption might increase the bioavailability of DNA-binding smoke components in the
mucosa of the upper digestive tract, increasing the plasma
levels of these compounds, or might modify the metabolism
of pro-carcinogenic compounds by inducing specific
metabolic pathways involving an aberrant mismatch repair
system[44].
Folate deficiency is associated with hypermethylation of
the H-cadherin promoter[45]. However, we found no significant
association between folate intake and hypermethylation of
the hMLH1 promoter. Su and Arab reported that low folate
intake is aggravated by high alcohol intake[46], probably
because folate is degraded by acetaldehyde, an intermediate
metabolite of alcohol[47]. van Engeland et al., suggested that
intake of folate and alcohol is associated with changes in
promoter hypermethylation in colorectal cancer[48]. Our data
showing that alcohol intake increased the risk of gastric
cancer with hypermethylation of the hMLH1 promoter are
consistent with these previous reports.
Most dietary factors, nutrients, vitamins, and minerals
are not associated with gastric cancer with hypermethylation
of the hMLH1 promoter, although we found that a high
intake of vegetables and low intake of potato and butter,
cheese, and margarine were associated with increased
likelihood of gastric cancer without hypermethylation of
the hMLH1 promoter, and high intake of mushrooms and
fruits and low intake of cereals and butter, cheese and
margarine were associated with higher risk of gastric cancer
without hypermethylation of the hMLH1 promoter. We
cannot be certain that these results did not occur by chance,
given the low number of comparisons. However, we
observed that different dietary factors selectively affected
the pathways to gastric cancer with or without hypermethylation
of the hMLH1 promoter. For example, a high intake of
butter, cheese, and margarine was associated with a lower
risk of gastric cancers either with or without hypermethylation
of the hMLH1 promoter. These findings agree with
epidemiological data showing a relatively low incidence of
gastric cancer in countries with consumption of high butter,
cheese, and margarine[49]. Based on these facts, it could be
suggested that butter, cheese and margarine decrease the
risk of gastric cancer regardless of the hMLH1 promoter
hypermethylation.
It has been reported that vitamin C can induce
hypermethylation of gene promoters[23]. However, a higher
intake of vitamin C is associated with an increased risk of
gastric cancer in this present study. One of the main vitamin
C sources for Koreans is kimchi, which has been reported
as a potent risk factor for gastric cancer in some Korean
epidemiologic studies[3]. Therefore, kimchi intake increases
vitamin C intake amount, and, at the same time, the risk of
gastric cancer.
Few epidemiological studies on gastric cancer have
included genetic polymorphisms in the analysis or evaluated
the association between genetic polymorphisms and
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hypermethylation of the hMLH1 gene promoter. Several
studies have reported an independent, increased risk of
gastric cancer for the GSTM1 null[7], GSTT1 null[6], CYP2E1
c1/c2 or c2/c2[50], *2-allele containing ALDH2 genotypes[9],
and shorter (s) allele-containing L-myc[10] genotypes. However,
other studies have not found any association between gastric
cancer and these genotypes[51-53]. We found no significant
association between polymorphisms of GSTM1, GSTT1,
CYP1A1, CYP2E1, ALDH2, and L-myc and the risk of
gastric cancer with or without hypermethylation of the
hMLH1 promoter. These findings suggest that the genetic
polymorphisms of the GSTM1, GSTT1, CYP1A1, CYP2E1,
ALDH2, and L-myc genes might not be independent risk
factors, but could act as effect modifiers of the risk of gastric
cancer through environmental factors, such as dietary intake.
We examined the mononucleotide repeats BAT25 and
BAT26 to detect genuine MSI because these repeats are
considered as ideal diagnostic markers. Mononucleotide repeats
are sufficient for the diagnosis of true MSI[54]. A consensus
mononucleotide locus, BAT26 is altered in all tumors with
genuine MSI[55,56]. We found that 10 of the 14 MSI+ gastric
cancer cases (71%) in our patients were hypermethylated
in the promoter region of hMLH1. We found a significant
association between hypermethylation of the hMLH1
promoter and MSI+ gastric carcinoma (P = 0.006), which
is consistent with previous reports[21,57].
Point mutations in the p53 tumor suppressor gene[58,59]
and ras oncogenes[60,61] are frequently found in human and
rodent tumors. Mutations of the p53 and Ki-ras genes were
detected in 28.2% and 4.9% of our patients with gastric
cancer, respectively. We also found a significant inverse
association between hypermethylation of the hMLH1 gene
promoter and p53 mutations. Previous studies have reported
a significantly lower incidence of p53 gene alterations in MSI+
gastric cancer, in MSI+ colorectal cancers, and in colorectal
cancer cell lines [62,63] than in MSI- gastric cancer [64,65] .
Together, these data confirm the existence of alternative
genetic pathways for gastric cancer, such as the classical
‘tumor suppressor’ pathway and the ‘mismatch repair’
pathway.
In conclusion, despite its limited size, this study suggests
that cigarette smoking and alcohol consumption are
significantly associated with higher risk of gastric cancer
having hypermethylation of the hMLH1 promoter.
Polymorphisms of GSTM1, GSTT1, CYP1A1, CYP2E1,
ALDH2, and L-myc genes were not associated with gastric
cancers either with or without hypermethylation of the
hMLH1 promoter, suggesting that these polymorphisms
operate along disease pathways other than those involving
the mismatch repair system in gastric cancer. Our data also
highlight the importance of aberrant methylation of the
hMLH1 promoter in causing MSI in gastric cancer. The
negative association between hypermethylation of the
hMLH1 gene promoter and p53 mutations suggests that
there could be two or more different molecular pathways
in the development of gastric cancer, such as tumor
suppression mechanisms and DNA mismatch repair.
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Abstract
AIM: To determine if Fourier-transform infrared (FT-IR)
spectroscopy of endoscopic biopsies could accurately
diagnose gastritis and malignancy.
METHODS: A total of 123 gastroscopic samples, including
11 cases of cancerous tissues, 63 cases of chronic atrophic
gastritis tissues, 47 cases of chronic superficial gastritis
tissues and 2 cases of normal tissues, were obtained from
the First Hospital of Xi’an Jiaotong University, China. A
modified attenuated total reflectance (ATR) accessory was
linked to a WQD-500 FT-IR spectrometer for spectral
measurement followed by submission of the samples for
pathologic analysis. The spectral characteristics for different
types of gastroscopic tissues were summarized and
correlated with the corresponding pathologic results.
RESULTS: Distinct differences were observed in the FTIR spectra of normal, atrophic gastritis, superficial gastritis
and malignant gastric tissues. The sensitivity of FT-IR for
detection of gastric cancer, chronic atrophic gastritis and
superficial gastritis was 90.9%, 82.5%, 91.5%, and
specificity was 97.3%, 91.7%, 89.5% respectively.
CONCLUSION: FT-IR spectroscopy can distinguish gastric
inflammation from malignancy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Fourier-transform infrared (FT-IR) spectroscopy can
effectively provide chemical variation information of the
structure and composition of biologic materials at molecular
level[1]. Therefore, vibrational spectroscopy is becoming an
increasingly powerful tool for the research on biochemistry
of cancer[2-5]. Our research group has successfully used FTIR spectroscopy to diagnose carcinomas, such as carcinoma
of stomach, colon, esophagus, lung, salivary gland since
1995[6-9]. There are significant differences between the
spectra of malignant and corresponding normal tissues[10-12].
In addition, FT-IR spectroscopy could detect molecular
abnormalities which occur before the change in morphology
seen under light microscope[13]. Therefore, FT-IR technology
makes it possible to detect inflammatory and precancerous
changes. Rapid, accurate and convenient detection of gastroscopic tissues can be performed using FT-IR spectroscopy
if mid-infrared fiber optics technology and stomach endoscopy
technology are combined, however the flexible mid-infrared
optical fiber and mini probe are not yet available[14].
MA
TERIALS AND METHODS
MATERIALS
Patients and materials
Informed consent was obtained from each patient prior to
the study. A total of 123 fresh surgically resected gastric
tissue specimens were obtained from the First Hospital of
Xi’an Jiaotong University, China. There were 47 women
and 76 men, aged between 18 and 80 years (mean 50.3 years).
One endoscopic pinch biopsy, 1-3 mm in diameter, was
obtained from each patient. The detected samples consisted
of 11 cases of cancerous tissues, 63 cases of chronic atrophic
gastritis tissues, 47 cases of chronic superficial gastritis tissues
and 2 cases of normal tissues.
Spectral measurement
As the size of samples was too small to obtain an FT-IR
spectrum with high quality, the modified ATR accessory
linked to a WQD-500 FT-IR spectrometer was used. The
FT-IR spectrometer was equipped with a liquid nitrogen
cooled mercury cadmium telluride (MCT) detector.
The fresh tissue specimens were obtained in gastroscopy
detection, and then immediately and non-invasively measured
using the mobile FT-IR spectrometer near the operation
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Figure 1 Typical FT-IR spectra of gastric endoscopy samples. A: Spectrum of
malignant gastric tissue sample; B: spectrum of chronic atrophic gastritis tissue
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RESUL
TS
RESULTS
The spectral differences among chronic superficial gastritis,
atrophic gastritis and malignant gastric endoscopy samples
were studied. For the sharper difference in the ratio of peak
intensity, baseline corrections of the spectra were performed
at first. Several typical spectra of malignant gastric tissues
obtained by endoscopy are illustrated in Figure 1A. The
spectral characteristics were similar to those of spectra of
gastric tissues, which were obtained during surgical operation
in our previous research[15]. The spectral features of malignant
gastric tissues were in good agreement with the criteria
established in our previous work[15]. For example, the broad
-3 300/cm absorption band, assigned to N-H stretching
vibration of protein and OH stretching vibration of water,
was more intense in the malignant stomach samples because
of the higher content of water in malignant tissues. C = O
band near 1 741/cm was assigned to the fat in tissues, and
C-H stretching vibration bands near 2 961, 2 927, and
2 853/cm were related to lipid and fat content and these
bands usually disappeared in the spectra of malignant gastric
tissues. -1 641/cm absorption peak belonged to amide I
band
of protein and H-O-H variable-angle vibration of
*
water. In addition, amide II band of protein was located

near 1 550/cm. The intensity of amide II band decreased
in the spectra of malignant gastric tissues. Thus, the ratio
of intensity of -1 641/cm band to -1 550/cm band was
higher in the malignant gastric samples. The intensity of
-1 400/cm peak was stronger than that of -1 460/cm peak
in the spectra of cancerous samples. According to the
statistical results, the relative intensity of I1 460/I1 400 was less
than 1 for about 90% of malignant gastric samples. The
intensity of absorption peak at about 1 308/cm increased.
The peak position shifted to a low wave number. The peak
position was lower than 1 310/cm for 72% of the malignant
tissues. The intensity of -1 160/cm was often less than that
of -1 120/cm in the spectra of stomach cancer samples.
The spectra of chronic atrophic gastritis were close to
those of malignant gastric tissues (Figure 1B), and exhibited
partial characteristic bands as those of malignant tissues.
CH stretching vibrational band near 3 000-2 800/cm and
C = O vibrational band about 1 740/cm were still weak in
the spectra of atrophic gastritis samples. Compared with
the spectra of malignant gastric tissues, the amide II band
in the spectra of atrophic gastritis tissues was broader, and
the relative intensity of amide II band to amide I band
became higher. The decrease in the extent of the intensity
of absorption peak near 1 460/cm was not significant, i.e.,
the intensity of band at about 1 460/cm became a little less
than that at 1 400/cm in the spectra of atrophic gastritis
samples. In the spectra of about 81% of atrophic gastritis
samples, the relative intensity of I1 460/I1 400 was less than or
equal to 1. Compared with the spectra of malignant tissues,
the absorption peak near 1 310/cm was weaker in the spectra
of atrophic gastritis samples. Similar to gastric cancerous tissues,
the peak position of this band at about 1 310/cm often
shifted to a low wave number, which was different from
the situation of chronic superficial gastritis, indicating that

2 957
2 923
2 872
2 853

room. The sample was put on ATR accessory to measure
the spectrum. The background spectrum was collected. For
the collection of each spectrum, 32 scans at a resolution of
4/cm, with a normal range from 4 000/cm to 800/cm
were applied. It took about 1-2 min to non-invasively
measure the spectrum. After measurement, the samples
were stored in liquid nitrogen and sent for the pathologic
examination of H&E staining as the reference in the
spectral analysis.
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Figure 2 Subtraction spectra of gastric endoscopy samples. A: Spectrum of
chronic atrophic gastritis tissue minus that of malignant gastric tissue; B: spectrum

of normal gastric tissue minus that of chronic superficial gastritis tissue.

the peak position was lower than 1 310/cm for 73% of
atrophic gastritis tissues.
The spectra of chronic superficial gastritis tissues
(Figure 1C) were similar to those of normal stomach tissues[15]
(Figure 1D). The spectral features were as follows. CH
stretching vibrational band near 3 000-2 800/cm and C = O
vibrational band at about 1 740/cm were strong in the
spectra of superficial gastritis samples. In general, there
existed strong and broad amide II bands in the spectra of
superficial gastritis samples. The peak at 1 460/cm was
stronger than that at 1 400/cm. The relative intensity of
I1 460/I1 400 was higher than 1 in about 78% of superficial
gastritis samples. The peak at about 1 250/cm was stronger,
and the band near 1 308/cm disappeared or became weak
and the position of this band often shifted to a high wave
number, indicating that the peak position was higher than
1 310/cm in 80% of superficial gastritis tissues. Similar to
normal gastric tissues, the intensity of peak near 1 160/cm
increased and often became stronger than that at about
1 120/cm.

of long-chain C-H and C = O bonds. However, these peaks
often decrease and even disappear in the spectra of gastritis
and malignant tissues. Because triglyceride contains a large
proportion of methyl, methylene and carbonyl, and fat in
the region of malignant tissue is consumed because of the
necessary nutritional and energy requirement in the development
of carcinoma. At the same time, amide I and amide II
bands are stronger in the spectrum of normal gastric tissue
than in that of chronic superficial gastritis tissue, indicating
that normal gastric tissue has more regular protein secondary
structures, such as α helical structure.
In conclusion, the results in our study demonstrate that
the sensitivity of FT-IR detection to gastric cancer, chronic
atrophic gastritis and superficial gastritis is 90.9%, 82.5%,
91.5%, and specificity is 97.3%, 91.7%, 89.5% respectively.
FT-IR spectroscopy is effective in distinguishing gastric
inflammation from malignancy.

DISCUSSION
To enhance our understanding, the subtraction technique
was performed in the spectral analysis[16]. The subtraction
spectra (Figures 2A and B) could highlight spectral differences
between chronic atrophic gastritis tissue and malignant gastric
tissue, and between normal gastric tissue and chronic superficial
gastritis tissue. From the two subtraction spectra, some new
information could be observed.
Figure 2A illustrates the subtraction result of the
spectrum of chronic atrophic gastritis tissue minus that of
malignant gastric tissue. It verified that chronic atrophic
gastritis tissues exhibited relatively stronger C-H stretching
vibration, C = O stretching band, amide I, amide II than
gastric cancer tissue. In addition, there was more water in
gastric cancer tissue due to the strong negative band located
near 3 360/cm in the spectrum of subtraction malignant
tissue from chronic atrophic gastritis tissue.
Figure 2B shows the spectral differences between normal
gastric tissue and chronic superficial gastritis tissue. The
positive peaks in the region of 2 800-3 000/cm and near
1 740/cm were observed in the subtraction spectrum,
suggesting that normal gastric tissue contains more components
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Abstract
AIM: To evaluate the expressions of apoptotic signal
proteins FADD, TRADD, FasL, Fas, and NFκB in gastric
carcinoma tissues and their clinical significance.
METHODS: Western blot immune trace method was
adopted to detect the expressions of apoptotic signal
proteins FADD, TRADD, FasL, Fas, and NFκB in 55 tissue
specimens of gastric carcinoma.
RESULTS: Five apoptotic signal proteins had different
expressions in the gastric carcinoma samples and their
expressions were not correlated to age (P = 0.085).
Expressions of the FADD, FasL, Fas, and NFκB proteins
reduced with increase of the volume of tumor with the
exception of increased expression the TRADD protein
(64.7-71.1%, P = 0.031). With gradual increase of the
malignancy of gastric carcinoma tissues, expressions of
the FADD, FasL, and Fas proteins decreased (78.6-28.0%,
P = 0.008; 78.6-65.9%, P = 0.071; 100.0-46.3%, P = 0.014),
while expressions of the TRADD and NFκB proteins
increased (42.9-78.1%, P = 0.063; 78.6-79.1%, P = 0.134).
With gradual increase of serum CEA, expression of the
FADD protein decreased (62.5-34.0%, P = 0.073), but
expressions of the TRADD, FasL, Fas, and NFκB proteins
increased (0.0-80.8%, P = 0.005; 62.5-70.2%, P = 0.093;
0.0-70.2%, P = 0.003; 62.5-80.9%, P = 0.075). When
compared to the tissues of gastric carcinoma without
metastasis, the positive rate of expressions of the FADD
and FasL proteins increased, whereas expressions of the
TRADD, FADD, and NFκB proteins decreased. There was
no significant difference between them (P = 0.095).
CONCLUSION: Gastric carcinoma is endurable to Fasrelated apoptosis and apoptotic signal proteins are
differently expressed in gastric carcinoma.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric carcinoma is one of the most common causes of
malignancy-related death in China[1-4]. Its therapy in clinics
is a big challenge. Better remedial method possibly depends
on advances in basic research[5-7]. Recent evidence suggests
that apoptosis of cells is closely related to occurrence, progress
and metastasis of the tumor[8-10]. At present, studies on the
apoptosis of tumor cells are an important field of tumor
therapy and tumor molecular biology[11-14]. The abnormalities
in expressions of apoptotic signal proteins always influence
the gastrocellular apoptosis, thus leading to the incidence
and development of gastric carcinoma[15-17]. We adopted
the Western blot immune trace method to detect the expressions
of apoptotic signal proteins FADD, TRADD, FasL, Fas,
and NFκB in gastric carcinoma tissues and their significance
in gastric carcinoma was assessed.
MA
TERIALS AND METHODS
MATERIALS
Samples
A total of 55 cases were selected from patients with primary
gastric carcinoma excision in our hospital from January 2000
to April 2001, who were pathologically diagnosed as
adenocarcinoma. There were 35 male and 20 female cases
aged 34-78 years with an average age of 54 years. According
to Edmondson grading III, the samples were graded as I-II
grade in 14 cases and III-IV grade in 41 cases. All samples
were submerged in liquid nitrogen within half an hour after
refrigerator.
the excision and placed in a -80
Protein extraction
Fifty-five tumor tissue specimens were homogenized,
sonicated for 15 s twice in 500 µL of lysis buffer containing
1× phosphate-buffered saline (PBS), 1% Nonidet-P40,
0.5% sodium deoxycholate, 0.1% SDS and 0.1 mg/mL
phenylmethylsulfonyl fluoride, and placed on ice for
30 min. The lysate was centrifuged at 13 000 g for 15 min
at 4 , the supernatant was collected (450 µL) and the
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Table 1 Expressions of FADD, TRADD, FasL, Fas and NFκB proteins in gastric carcinoma tissue specimens, n (%)
Sex

n

FADD

TRADD

FasL

Fas

NFκB

Male
Female

35
20

12 (34.3)
8 (40.0)

26 (74.3)
12 (60.0)

25 (71.4)
13 (65.0)

21 (60.0)
12 (60.0)

28 (80.0)
15 (75.0)

55

20 (36.4)

38 (69.1)

38 (69.1)

33 (60.0)

43 (78.2)

Reagents and methods
Sheep antihuman FADD, TRADD, FasL, and Fas polyclonal
antibodies, rabbit antihuman NFκB polyclonal antibodies,
alkaline phophatase marking anti-sheep, anti-rabbit and
protein molecular mass marker were also purchased from
Santa Cruz Company. Western blot immune trace method
was employed to determine the expression of apoptotic
signal proteins. Twenty microliters of extracted protein for
120 g/L polyacrylamide gel electrophoresis. When it was
semidry, electrical metastasis to the nitrocellulose film was
made and enclosed with 100 mL/L bovine serum for 1 h.
The first antibody (1:1 000) was put into PBST (1 g/L
Tween20 in PBS) and stored overnight at 4 . After being
washed, the sample was enclosed again with 100 mL/L
bovine serum for 30 min, and then the second antibody
was put in at room temperature for 1 h. After being washed
with PBS for 1 h, NBTBCIP development method was
performed for coloration.
Assessment standards
The protein molecular mass marker was taken as the
standard. In the respective different molecular mass scope,
the sample with black stripes was considered positive and
vice versa negative. The molecular mass of FADD,
TRADD, FasL, Fas, and NFκB proteins was 23, 34, 31,
48, and 65 ku respectively.
Statistical analysis
Chi squared test, accurate 4-chess table method and
correlation analysis were used to analyze the correlation of
protein expressions with sex, age, tumor size, pathological
grading and tumor metastasis. P<0.05 was considered
statistically significant.

RESUL
TS
RESULTS
Expression of apoptotic signal proteins in gastric carcinoma
The expression of FADD, TRADD, FasL, Fas, and NFκB
proteins in gastric carcinoma tissue specimens was 36.4%
(20/55), 69.1% (38/55), 69.1% (38/55), 60.0% (33/55)
and 78.2% (43/55) respectively (Table 1). We carried out
Western blot analysis to determine the accuracy of protein
expression (Figure 1).
Relation between apoptotic signal proteins and clinical
characteristics
Different expressions of the five apoptotic signal proteins
were not correlated to age (P = 0.085, Figure 2A). Expressions
of the FADD, TRADD, FasL, Fas, and NFκB proteins
reduced with increase of the tumor volume, with the
exception of increased expression of the TRADD protein
(64.7-71.1%, P = 0.031). Among them, the positive rate of
the expression of the Fas protein in the tissue of gastric
carcinoma with a lump 5 cm was higher than that of
gastric carcinoma >5 cm and the difference was significant
(P = 0.037, Table 2, Figure 2B).
With the increased of malignancy grade in adenocarcinoma
tissues, expressions of the FADD, FasL, and Fas proteins
decreased, while expressions of the TRADD and NFκB
proteins increased. Expressions of the FADD and Fas

A
Expression rate (%)

protein concentration for each sample was determined by
spectroph-otometry (Pharmacia) and using a DC protein
assay kit (Bio-Rad).

90
Age/yr

Age/yr >45
54
36
18
0

B
2

3

4

5

500

100

FADD

TRADD

FasL

Fas

NFκB

90

6

Tumor size
Expression rate (%)

1
ku

45

72

5 cm

72
Tumor size >5 cm
54
36
18

20
0
Figure 1 Western blot analysis of the accurate expression of apoptotic signal
proteins. Lane 1: marker; lane 2: FADD; lane 3: TRADD; lane 4: FasL; lane 5:
Fas; lane 6: NFκB.

FADD TRADD FasL

Fas

NFκB

Figure 2 Different expressions of five proteins before and after 45 years (A) and
different tumor size (B).
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Table 2 Relationship between expressions of the FADD, TRADD, FasL, Fas, NFκB proteins and clinical characteristics, n (%)
Clinical characteristics

n

FADD

TRADD

FasL

Male

35

12 (34.3)

26 (74.3)

25 (71.4)

21 (60.0)

Female

20

8 (40.0)

12 (60.0)

13 (65.0)

12 (60.0)

15 (75.0)

45

22

8 (36.4)

14 (63.6)

16 (72.7)

13 (59.1)

16 (72.7)

>45

33

13 (39.4)

24 (72.7)

22 (66.7)

20 (60.6)

27 (81.8)
14 (82.4)

Age/yr

Fas

NFκB
28 (80.0)

Tumor
Size

5 cm
>5 cm

Grading I–II
CEA

17

8 (47.1)

11 (64.7)

14 (82.4)

15 (88.2)a

38

13 (34.2)

27 (71.1)

24 (63.2)

17 (44.7)

29 (76.3)

14

11 (78.6)b

6 (42.9)

11 (78.6)

14 (100.0)c

11 (78.6)
32 (78.1)

III–IV

41

9 (22.0)

32 (78.1)

27 (65.9)

19 (46.3)

30 (µg/L)

8

5 (62.5)

0 (0.0)

5 (62.5)

0 (0.0)

5 (62.5)

47

16 (34.0)

38 (80.9)d

33 (70.2)

33 (70.2)d

38 (80.9)

>30 (µg/L)
Tumor
transformation Yes

6

3 (50.0)

3 (50.0)

5 (83.3)

3 (50.0)

3 (50.0)

No

49

17 (34.2)

35 (71.4)

33 (67.4)

30 (61.2)

39 (79.6)

a

P<0.05 vs size >5 cm; bP<0.01, cP<0.05 vs grading III–IV; dP<0.01 vs CEA

30 (µg/L).

proteins were significantly different between the pathological
grades (P = 0.008 and P = 0.014, Figure 3A). With the
increase of serum CEA, expression of the FADD protein
in gastric carcinoma tissues decreased, while expressions of
the TRADD, FasL, Fas and NFκB proteins increased.
Expression of the TRADD and Fas proteins were positively
correlated with the serum CEA level (r = 0.700, P = 0.005)
and the difference was very significant (P = 0.003, Figure 3B).
When compared to the tissues of gastric carcinoma with
metastasis, the positive expression rate of the FADD and
FasL proteins increased, whereas expressions of the
TRADD, FAS and NFκB proteins decreased. There was
no significant difference between them (P = 0.095).

A
Expression rate (%)

100
Grading I-II
80

40
20
0

Expression rate (%)

B

Grading III-IV

60

FADD TRADD FasL Fas NFκB

80

CEA

60

CEA >30 (µg/L)

30 (µg/L)

40
20
0

FADD TRADD FasL

Fas NFκB

Figure 3 Different expressions of the five proteins with different pathological
grading (A) and different serum CEA (B).

DISCUSSION
Apoptotic abnormality is considered as an important
mechanism underlying the development of gastric
carcinoma[18,19] and even more crucial than the reproduction
of cells of out control[20,21]. The expression of apoptotic
signal proteins play different roles in the death of gastric
cancer cells. The current studies[22,23] have denoted the main
mechanism of the interaction of the apoptotic signal
proteins to conduct down the apoptotic signal. FasL is
polymerized with its corresponding Fas receptors[24,25]. By
activating the FADD and caspase family, the apoptosis of
cancer cells ensues; and by activating TRADD, RIP is
motivated, causing NFκB to be activated, thereby participating
in gene transcription of the survival of cells. The balance
between counter signals and paths eventually determines
the survival or apoptosis of cells.
In this study, the expression of Fas protein was
downregulated with increase of the gastric carcinoma
volume and the malignancy degree and positively correlated
with the expression of CEA. It was reported[26] that gastric
cancer cells inhibit expression of the downregulated FasL,
thus escaping Fas-related apoptosis and immune monitoring
of the host to enable cancer cells to reproduce continuously
and increase their malignancy degree. Expression of the
FADD protein is downregulated with increase of the
malignancy degree of gastric carcinoma[27]. Gastric cancer
cells might through the expression of the downregulated
FADD enable caspases 3 and 8 necessary for apoptosis of
Fas-related cells to be devitalized, resulting in inhibition of
the apoptosis of gastric cancer cells. If FADD is injected,
such cells can become sensitive to Fas and induce Fas-related
apoptosis, suggesting that the function of FADD is
extremely crucial.
The TRADD protein is able to vitalize the NFκB
transcription factor and prolong the survival of cells. In
the present study, the TRADD protein expression was
positively correlated with CEA only when CEA possessed
the value of 30 µg/L, suggesting that both of them can be
used as indexes to detect gastric carcinoma. However, this
can be determined only after investigating a large size of
samples[28-30]. As the change of expressions of apoptotic

Zhao XH et al. Apoptotic signal proteins in gastric carcinoma tissue

signal proteins is not much related to metastasis of gastric
carcinoma, the abnormalities of the function of these
proteins only contribute to the reproduction and rise of
malignancy degree of gastric cancer cells, whereas metastasis
of gastric carcinoma might correlate to other factors.
In summary, gastric carcinoma is a tumor endurable to
Fas-related apoptosis. Apoptotic signal proteins are differently
expressed in gastric carcinoma.
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Abstract
AIM: To investigate the expression and clinical significance
of DEK, cyclin D1, insulin-like growth factor II (IGF-II),
glypican 3 (GPC3), ribosomal phosphoprotein 0 (rpP0) mRNA
in hepatocellular carcinoma (HCC) and its paraneoplastic
tissues.
METHODS: The expression of mRNAs of DEK, cyclin D1,
IGF-II, GPC3 and rpP0 mRNA was detected in HCC and its
paraneoplastic tissues by multiplex RT-PCR.
RESULTS: By the simplex RT-PCR, the overexpression of
mRNAs of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNA in
HCC and its paraneoplastic tissues was 78.1%, 87.5%,
87.5%, 75.0%, 81.3% and 15.6%, 40.6%, 37.5%, 21.9%,
31.3% respectively (P<0.05). By the multiplex RT-PCR,
at least one of the mRNAs was detected in all HCC samples
and in 75.0% of paraneoplastic samples (P>0.05). However,
all these five mRNAs were found in 68.8% of HCC samples,
but only in 9.4% of paraneoplastic tissues (P<0.05). The
positive expression of mRNAs of DEK, cyclin D1, IGF-II,
GPC3, rpP0 in well- and poorly-differentiated HCC was
89.0%, 66.7%, 66.7%, 66.7%, 77.8% and 73.9%, 95.7%,
95.7%, 95.7%, 82.6%, respectively (P>0.05). The expression
of these genes in HCCs with α-feto protein (AFP) negative
and positive was 90.0%, 80.0%, 90.0%, 90.0%, 90.0%
and 72.7%, 86.3%, 77.3%, 90.9%, 68.2% respectively
(P>0.05).
CONCLUSION: The expression of DEK, cyclin D1, IGF-II,
GPC3, rpP0 mRNA in HCC is much higher in HCC than in
its paraneoplastic tissues. Multiplex RT-PCR assay is an
effective, sensitive, accurate, and cost-effective diagnostic
method of HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is an aggressive malignancy
with poor prognosis and one of the most common tumors
in humans. The development of HCC is a chronic process
and involves many factors, including infection of hepatitis
virus and contamination with aflatoxin B1[1]. Recent advances
in molecular genetics indicate that some tumor suppressor
genes, oncogenes, and growth factors may play an important
role in hepatocarcinogenesis[2].
Several methods such as DDRT-PCR, cDNA screening[3]
are used to identify differential expression of mRNA in
tumor and non-tumor tissues. It is reported that some genes,
such as DEK, rpP0[4], cyclin D1[5], IGF-II[6] , and GPC3[7], are
overexpressed in HCC tissue. The expression of DEK, IGFII and rpP0 is higher in HCC than non-tumor tissues in our
previous study.
RT-PCR is widely used to analyze gene expression in HCC
and paraneoplastic liver tissue. However, the overexpressed
genes are only relatively higher in HCC than in paraneoplastic
liver tissue and the positive detection rate is relatively low.
Moreover, RT-PCR can detect only a single gene once in the
past, and the results obtained are fluctuant and less useful in
clinics. In order to find a method to enhance the specificity
and positive rate, multiplex PCR was used to detect several
genes, such as DEK, cyclin D1, IGF-II, GPC3, rpP0.
MA
TERIALS AND METHODS
MATERIALS
Tissue samples and patients
HCC and corresponding paraneoplastic tissues were obtained
with informed consent from 32 patients who underwent
hepatectomy at the First Affiliated Hospital of Guangxi
Medical University and Guangxi Tumor Hospital. The profiles
were obtained from medical records of 20 male and 12
female patients with an average age of 42.5 years. Twentytwo patients were positive for α-feto protein (AFP). HCC
and paraneoplastic tissues were enucleated separately and
immediately frozen in liquid nitrogen. Histological classification
was performed according to the Edmondson’s grading
criteria.
Multiplex RT-PCR
Total RNA was isolated from 100 mg of frozen tissue
according to the manufacturer’s instructions using TRIzol
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Analysis by electrophoresis
The amplified products were electrophoresed on 1.2%
agarose gel to detect the expression of the genes in HCC
and paraneoplastic tissues. The images were analyzed by
Quantity One software.

kit (Sagon Company, Shanghai, China), and then dissolved
in water that was treated by DEPC. Four micrograms of
total RNA was used to produce cDNA using oligo(dT)
primer and MuLV reverse transcription (MBI Company)
for 1 h. The reaction
in a final volume of 20 µL at 42
for 10 min. One
was terminated by incubation at 75
microgram of products was PCR amplified with multiple
primer sets (0.5 µmol/L, Sagon Company, Shanghai, China),
0.75 units of Taq DNA polymerase (MBI), 0.5 µL 10 mmol/L
dNTPs, 2.5 µL 10× buffer. The primers were as follows:
DEK: 5’-AGG CAC TGT GTC CTC ATT AA and 5’-TCT
GAC AGA ATT TCA GGA CA (332 bp); cyclin D1: 5’-TAT
TTG CAT AAC CCT GAG CG and 5’-GTG ACT ACA
TGC ATA TGA GC (350 bp); IGF: 5’-AGG AGC TCC
TGG ATA ATT TC and 5’-AAT ATT TCA CGT GAC
AGA AC (421 bp); GPC3: 5’-TGG ACA TCA ATG AGT
GCC TC and 5’-CAC ATT CTG GTG AGC ATT CG
(204 bp); rpP0: 5’-ATG TGA AGT CAC TGT GCC AG
and 5’-CTT GGC TTC AAC CTT AGC TG (549 bp).
GAPDH was used as control, the primers were 5’-TGA
GTA CGT CGT GGA GTC CA and 5’-CAA AGT TGT
CAT GGA TGA CC (230 bp). The conditions were initial
for 5 min, 30 cycles of amplification,
denaturation at 94
for 45 s,
each cycle consisting of denaturation at 94
for 30 s, extension at 72
for 30 s,
annealing at 58
final extension at 72 for 7 min. Because of the limitation
by the length of PCR products, the primers of cyclin D1
and GPC3 were used together in a single reaction and the
primers of DEK, IGF-II, and rpP0 were used together in a
single reaction.

H

A

N

H

N

H

N

H

Statistical analysis
Results were analyzed by χ2 test to compare the differences
between the groups. P<0.05 was considered statistically
significant.

RESUL
TS
RESULTS
Expression of GAPDH mRNA
The expression of GAPDH mRNA was detected in all HCC
and non-HCC tissues. There was no difference between
the two groups (Figure 1A).
Expression of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNAs in
HCC and adjacent noncancerous liver tissues
The expression of DEK, cyclin D1, IGF-II, GPC3, rpP0
mRNAs in HCC and adjacent noncancerous liver tissues
was 78.1%, 87.5%, 87.5%, 75.0%, 81.3%, and 15.6%,
40.6%, 37.5%, 21.9%, 31.3%, respectively (P<0.05, Table 1),
which were significantly higher in HCC tissues than in
adjacent nontumorous tissue (Figures 1B and C). The density
of the bands was also higher in HCC than in adjacent
noncancerous liver tissues.
The expression of DEK, cyclin D1, IGF-II, GPC3, rpP0
mRNAs in well- and poorly-differentiated HCC was 89.0%,
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H
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Figure 1 Expression of GAPDH (A), mRNA of rpP0, DEK, and IGF-II (B), mRNA

of cyclin D1 and GPC3 (C) in HCC tissue (H) and adjacent nontumorous tissue (N).

Table 1 Expression of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNAs in HCC and adjacent noncancerous liver tissues
Cyclin D1a
T

GPC3c

N

T

DEKe
N

T

IGFg
N

T

rpP0i
N

T

N

Positive

28

13

24

7

25

5

28

12

26

10

Negative

4

19

8

25

7

27

4

20

6

22

T, HCC tumor tissue; N, adjacent nontumorous tissue. χ2-test: aP<0.05, cP<0.05, eP<0.05, gP<0.05, iP<0.05 vs others.
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products interact and regulate the normal cell cycle. Cyclin
D1 and cyclin-dependent kinases are required for completion
of the G1/S transition in normal mammalian cells[8]. Cyclin
D1 is located on chromosome 11q13 and exhibits many
characteristics of cellular oncogenes. Overexpression of
cyclin D1 may be associated with actual gene amplification
or transcriptional dysregulation in cancer. Cyclin D1 is
overexpressed in hyperplastic lesions, such as endometrioid
adenocarcinoma[9], mantle cell lymphoma[10], and ovarian
carcinoma[11]. The results in our study showed that the
expression of cyclin D1 was significantly higher in HCC than
in adjacent nontumorous tissue. The mechanism of cyclin
D1 dysregulation in HCC is not clear, but it is likely that the
dysregulation contributes to increasing the proportion of
cells in transition from G1 to S phase. The overexpression
of cyclin D1 may be one of the several mechanisms involved
in hyperplasia of liver cells.

66.7%, 66.7%, 66.7%, 77.8% and 73.9%, 95.7%, 95.7%,
95.7%, 82.6%, respectively (P>0.05, Table 2).
The expression of DEK, cyclin D1, IGF-II, GPC3, rpP0
mRNAs in HCC with AFP negative and positive was 90.0%,
80.0%, 90.0%, 90.0%, 90.0% and 72.7%, 86.3%, 77.3%,
90.9%, 68.2%, respectively (P>0.05, Table 3).
Expression of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNAs in
HCC and adjacent noncancerous liver tissues shown by
multiplex RT-PCR
By multiplex RT-PCR, at least one of the mRNAs could be
detected in all HCC tissues and in 75.0% of paraneoplastic
tissues (P>0.05) (Table 4). However, all these five mRNAs
were found in 68.8% of HCC tissue, but only in 9.4% of
paraneoplastic tissues (P<0.05, Table 4).

DISCUSSION
The growth of cells depends on the regulation by many factors,
including oncogenes, tumor suppressor genes, growth factors,
signal transduction factors, and apoptosis factors, etc. The origin
of tumor is related to the modification of these genes. Genes
such as DEK, cyclin D1, IGF-II, GPC3, rpP0, are involved in
the initiation and development of HCC, and the possible
markers for the diagnosis of HCC in clinic. To identify whether
these genes were generally involved in hepatocarcinogenesis,
multiplex PCR was used in the present study. We found
that these genes had an upregulated expression in HCC and
multiplex PCR could enhance the detective positive rate.

DEK
DEK is a 43-ku phosphoprotein that was first isolated as
part of a fusion protein expressed in a subtype of acute
myeloid leukemias with t(6;9) chromosomal translocations[12].
DEK was lately identified as an autoimmune antigen in patients
with pauciarticular onset juvenile rheumatoid arthritis, systemic
lupus erythematosus[13], and other autoimmune diseases. In
recent study, it was demonstrated that DEK was a site-specific
DNA binding protein that was involved likely in transcriptional
regulation and signal transduction and it had implications
not only for HIV-2 transcription[14] but also for multiple cellular
processes involving with DEK. Recent data demonstrated
that the major portion of DEK is associated with chromatin

Cyclin D1
Cyclin, cyclin-dependent kinases, and tumor suppressor gene

Table 2 Expression of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNAs in well- and poorly-differentiated HCC
Cyclin D1
+

-

Well-differentiated HCC

6

Poor-differentiated HCC

22

Total

28

GPC3

DEK

+

-

3

6

1

18

4

24

IGF-II

+

-

3

8

5

17

8

25

rpP0

+

-

+

-

1

6

6

22

3

7

2

1

19

7

28

4

4

26

6

Table 3 Expression of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNAs in HCC with AFP negative and positive HCC tissue
n

Cyclin D1+

GPC3+

DEK+

IGF-II+

rpP0+

AFP(-)

10

8

9

9

9

9

AFP(+)

22

20

15

16

19

17

Total

32

28

24

25

28

26

χ2 test, P>0.05, the group of APF(+) vs the group of AFP(-).

Table 4 Expression of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNAs in HCC and adjacent noncancerous liver tissues by multiplex RT-PCR
Groups
n
T
N

32
32

Positive reaction
Anyone of the five mRNAs (%)
32 (100)
24 (75.0)
P>0.05

Negative reaction

All of the five mRNAs (%)
22 (68.8)
3 (9.4)
P>0.05

Anyone of the five mRNAs (%)
10 (31.3)
29 (90.6)
P>0.05

All of the five mRNAs (%)
0 (0)
8 (25.0)
P>0.05

Lü ZL et al. Tumor-related gene in HCC

in vivo and suggested that it might play a role in chromatin
architecture [15]. Our present experiment shows that the
percentage of overexpression of mRNA of DEK (78.1%)
in HCC was higher than in adjacent nontumorous tissues
(15.6%). It indicates the overexpression of DEK may be
involved in the transformation from normal liver tissue to
HCC, perhaps by activating the oncogenes.
GPC3
GPC3 gene is located at Xq26, and mutated in the SimpsonGolabi-Behmel syndrome[16]. It may be regulated by methylation
of the inactive X in expressing tissues, and encodes a
developmentally regulated heparin sulfate proteoglycan that
is bound to the cell surface through a glycosylphosphatidylinositol anchor. Based on their localization on the cell
surface, such glypicans are thought to regulate interactions
between growth factor and their receptors. It is associated
with apoptosis and cell signal transduction. It is reported
that GPC3 is a tissue-specific gene in breast tumor[17], ovarian
tumor[18], and malignant mesothelioma[19] in which it is downregulated by aberrant methylation of the GPC3 promoter
region, and upregulated in HCC. In the present study, GPC3
was overexpressed in HCC tissue and the positive expression
rate was 75.0%, which was higher than that in adjacent
nontumorous tissue (21.9%). Although the role of
overexpression of GPC3 in the development of HCC is
not known, it may break the balance between cell growth
and death.
IGF-II
It was reported that IGF-II is positive in some benign
neoplastic nodules and HCC[20]. In the present study, the
levels of IGF-II was higher in HCC than in adjacent
nontumorous tissue, suggesting that the growth factor may
act as an autocrine regulation of cell proliferation, GPC3
may act as a positive regulator of IGF-II, although we have
not detected a direct interaction between GPC3 and IGFII. It is possible that GPC3 positively regulates IGF-II activity
by interacting with the components of its signaling system.
rpP0
Ribosome acts as a place for protein synthesis. It is composed
of rRNA and ribosomal phosphoproteins. In the family of
ribosomal phosphoprotein, there are five members: P0, P1α,
P1β, P2α, and P2β. Three functional domains can be
defined in the rpP0: one involved in binding to rRNA, one
connected to P1/P2 protein interaction, and one associated
with elongation factors [21]. It was reported that rpP0
expression increases in colon carcinoma cells [22]. In the
present study, rpP0 was overexpressed in HCC tumor tissue,
suggesting that upregulation of rpP0 is associated with HCC,
which may be a signal for increasing protein synthesis.
Multiplex RT-PCR and HCC
In this study, we used multiplex RT-PCR to detect the
expression of mRNAs of DEK, cyclin D1, IGF-II, GPC3,
rpP0 in HCC and adjacent nontumorous liver tissue. We
found that at least one of the mRNAs could be detected in
all HCC tissues and 68.8% of HCC tissues expressed all
these five mRNAs, while only 9.4% of paraneoplastic tissues
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expressed all of them (P<0.05), suggesting that multiplex
RT-PCR enhances the detective sensitivity and specificity
when combining several specific primers. The expression
of anyone of these mRNAs in liver tissue could be regarded
as a risk factor for HCC. The higher the expression of
these mRNAs the greater the risk. When all these mRNAs
are negative in tissues, the possibility of HCC is lower.
Multiplex RT-PCR provides an easy and quick method to
detect the expression of these genes in liver tissues.
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Abstract
AIM: To investigate expression and significance of inhibitor of
apoptosis protein survivin in hepatocellular carcinoma (HCC).
METHODS: The expression of survivin and vascular
endothelial growth factor (VEGF) was investigated in 38
cases of HCC tissues and 38 liver cirrhosis tissues by
immunohistochemistry and Western blot. The relationship
between the expression of survivin and clinicopathological
factors of HCC was analyzed.
RESULTS: Survivin protein was detected in 23 (60.5%)
of 38 HCCs and 3 (7.9%) of 38 liver cirrhosis tissues. In
23 cases of HCC which expressed survivin, the expression
of VEGF was positive in 18 cases and slight positive or
negative in 5 cases. While in 15 cases of HCC which did
not express survivin, 12 cases did not express or slightly
expressed, and 3 cases expressed VEGF. In liver cirrhosis
tissues, the expression of VEGF was as follows: 24 cases
were negative, 10 cases were weak positive and 4 cases
were strong positive. The expression of survivin was
coincident with the expression of VEGF in HCC (P<0.01).
The expression of survivin in HCC had no relationship with
the patients’ age, gender, tumor size and differentiation
level of HCC, while it was related to the metastasis of
HCC. The protein quantitative analysis by Western blot
also showed that overexpression of survivin in HCC was
closely correlated to the expression of VEGF (P<0.01).
Furthermore, stronger expression of survivin and VEGF
was also found in patients with metastasis rather than in
those with no metastasis (P<0.01).
CONCLUSION: Survivin plays a pivotal role in the
metastasis of HCC, and it has some correlation with
tumorigenesis. The expression of survivin in the primary
lesion is very useful as an indicator for metastasis and
prognosis of HCC. It could become a new target of gene
therapy of HCC.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
In organisms, cell death and cell cycle progression are two
sides of the same coin, and these two different phenomena
are regulated moderately to maintain the cellular homeostasis[1].
On the other hand, gene mutation could be accumulated
and cell growth cycle could be prolonged, thus finally
facilitating the formation of tumor. At present, it has been
confirmed that P53 and bcl-2 family are critical to the
regulation of cell apoptosis. Survivin protein (Mr 16 500) is
a recently described member of inhibitor of apoptosis
protein (IAP) family of antiapoptotic proteins, which may
act simultaneously with the bcl-2 family proteins, but has a
different apoptosis inhibitory mechanism[2]. Survivin is
conserved across evolution with homologs found in both
vertebrate and invertebrate animal species[3]. The tissue
distribution of survivin has obvious cell selectivity. Some
research has found that survivin is undetectable in terminally
differentiated adult tissues, yet it is abundantly expressed in
fetal tissues and in a variety of human tumors including
lung, colo-rectal, breast, prostate, melanoma, pancreatic, and
gastric carcinoma as well as in high-grade lymphomas and
neuroblastomas[4-11]. However, the expression and implication
of survivin in hepatocellular carcinoma are still unknown.
Vascular endothelial growth factor (VEGF) is considered
to be the most primary factor prompting the angiogenesis
in tumor tissue, which also holds the central position in the
course of formation and metastasis of tumor. However, it
is unclear how VEGF accelerates the metastasis of neoplasms.
To explore the role and mechanism of survivin in the
progression of HCC and the relationship with VEGF, we
adopted immunohistochemistry and Western-blot techniques
to investigate the expression of survivin and VEGF in HCC.
MA
TERIALS AND METHODS
MATERIALS
Patients and samples
A total of 38 cases of HCC was involved in this study. The
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patients with HCC, who underwent potentially curative tumor
resection at Hepatic Surgery Center of Tongji Hospital from
2001 to 2002, had received neither chemotherapy nor radiation
therapy before surgery. Among them, there were 33 males
and 5 females, and the mean age of the patients was 47.3 years
(SD, 11.2 years; range, 18-76 years).
All the specimens were confirmed to be hepatocellular
carcinoma by pathological diagnosis. Cell differentiation was
graded by Edmondson-Steiner’s criteria. Tumors with
Edmondson-Steiner’s grade I were regarded as moderate
to well differentiation and those with grade II-IV were poorly
differentiated. The criteria of metastasis included extrahepatic
tissue or organ involvement; hilum or remote lymphoid
nodule metastasis; tumor thrombus formation in the main
portal trunk or hepatic vein or bile duct. Multifocal HCC
was excluded from this study because it was a controversial
issue[12].
Routinely processed formalin-fixed, paraffin-embedded
blocks containing principal tumor were selected. Serial
sections of 2-4 µm were prepared from the cut surface of
blocks at the maximum cross-section of the tumor.
Immunohistochemical staining for survivin and VEGF
Immunohistochemical staining for survivin and VEGF
antigen was carried out by the standard streptavidin-peroxidasebiotin technique (SP technique) using SP kit (Zhongshan
Company, Beijing, China). Rabbit-anti-human survivin
monoclonal antibody and rat-anti-human VEGF monoclonal
antibody were obtained from Neomarkers Company. Experimental procedure was conducted according to the SP kit
specification. Primary antibody was diluted at 1:200. Antigen
retrieval was done by microwave citrate salt method. 3,3diaminobenzidine and hematoxylin were used for color
development and counterstaining respectively. Cells whose
cytoplasm was dyed brown were regarded as positive ones.
One case of stage III gastric cancer was stained intensively
and reproducibly for survivin expression in >30% of tumor
cells, and was used as a positive control throughout the study.
Negative control slides processed without primary antibody
were included for each staining. In brief, deparaffinized
and rehydrated sections were bathed in a 10-3 mol/L sodium
citrate buffer (pH 6.0) then the solution was put to a pressure
cooker and boiled for 20 min while maintaining the pressure.
After endogenous peroxidase was quenched in 3% hydrogen
peroxide and blocked for 5 min, the sections were incubated
with primary polyclonal antibody at a
overnight at 4
1:200 dilution. Biotinylated immunoglobulin and streptavidin
conjugated to peroxidase were then added. Finally, 3,3’diaminobenzidine was used for color development, and
hematoxylin was used for counterstaining. The mean percentage
of positive tumor cells was determined in at least five areas
at 200-fold magnification for survivin and 100-fold
magnification for VEGF and scaled as the following:
(0) <5%; (1) 5-25%; (2) 25-50%; (3) 50-75%; and (4) >75%.
The intensity of survivin immunostaining was scored as
follows: 1+, weak; 2+, moderate; and 3+, intense. Because
tumors showed heterogeneous staining, the dominant pattern
was used for scoring. The scores indicating percentage of
positive tumor cells and staining intensity were multiplied to
produce a weighed score for each case. Cases with weighed
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scores <1 were defined as negative; cases with weighed scores
>2 were defined as strongly positive and those in between
were defined as positive.
Western blot
Proteins were extracted from tissues and cells by detergent
lysis using NP-40 lysis buffer (0.2% NP-40, 100 mmol/L
Tris-HCl, pH 8.0, 200 mmol/L NaCl, 0.01% SDS). Proteins
were fixed quantitatively by ultraviolet spectrophotometer
analysis. A total of 20 µg of the proteins of HCC tissue was
fractionated on a 75 g/L polyacrylamide slab gel containing
1 g/L SDS and then transferred onto a nitrocellulose filter by
electroblotting. The filter was incubated for at least 1 h in
10 mmol/L Tris-HCl buffer (pH 8.0) containing 150 mmol/L
NaCl, 0.05% Tween-20 and 50 g/L bovine serum albumin
for survivin and in 10 mmol/L Tris-HCl buffer (pH 8.0)
containing 150 mmol/L NaCl, 0.05% Tween-20 and 50 g/L
milk powder for VEGF to prevent nonspecific binding of
antibodies. Then it was incubated with primary antibody
(survivin, 1:1 000; VEGF 1:2 000) for 12 h, and with
second antibodies for 1 h at room temperature in the same
buffer. Respectively, the second antibodies of survivin were
goat-anti-rabbit polyclonal antibody labeled by alkaline
phosphatase and those of VEGF were goat-anti-rat
polyclonal antibody labeled by horseradish peroxidase.
VEGF was dyed by 0.01% DAB/H2O2 form 5 to 15 min
and brown straps were viewed as positive results. Survivin
was dyed by NBT/BCIP for 10 min or so and blue-black
straps were positive. At the same time protein molecular
weight marker (M r 14 000-70 000) was used to identify
destined straps. The expressed protein quantity was
automatically analyzed by GIS gel image processing system
(version 3.10, Tanon Technological Limited Company,
Shanghai, China). The net area of strap represented the
expressed protein quantity.
Statistical analysis
All statistical analyses were performed using the SPSS 10.0
J software package for Macintosh (SPSS, Inc., Chicago,
IL). Variables associated with survivin expression were
analyzed by the χ2 test. The coincident expression of survivin
and VEGF protein in HCC or liver cirrhosis tissues was
analyzed by the paired t-test. The correlation between HCC
metastasis and expression of survivin and VEGF protein
was tested by bivariate correlation analysis. P<0.05 was
considered significant and P<0.01 was considered remarkably
significant.

RESUL
TS
RESULTS
Immunohistochemical staining
Twenty-three cases (60.5%) of 38 HCCs expressed survivin
protein, among them, 8 cases strongly expressed, 12 cases
positively expressed, and 3 cases slightly expressed. Survivin
protein was detected in only 3 (7.9%) of 38 liver cirrhosis.
The relationship between the expression of survivin and
clinicopathological factors of HCC is shown in Table 1. In
23 cases of HCC which expressed survivin, the expression
of VEGF was positive in 18 cases and slightly positive or
negative in 5 cases. In 15 cases which did not express survivin
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Table 1 Relationship of the expression of survivin and clinicopathological factors of HCC
n

Survivin
Positive (n)

Percent (%)

Tissue

<0.01

Cirrhosis
HCC

38
38

3
23

7.9
60.5

Age (yr)
<60

31

19

61.3

7

4

57.1

Male
Female

33
5

21
2

63.6
40.0

Size (cm)
5

17

12

70.6

21

11

52.4

Moderate to well 16
Poor
22

9
14

56.3
63.6

Metastasis
Positive

14

12

85.7

Negative

24

11

45.8

60
Sex

<5
Differentiation

P

>0.05

>0.05

the expression of VEGF was negative in 24 cases, weak
positive in 10 cases and strong positive in 4 cases. The
staining of both survivin and VEGF was mainly localized
in cytoplasm.
By statistical analysis, there was a remarkable difference
in survivin expression between the tumor tissue and liver
cirrhosis tissues (P<0.01). The expression of survivin in
HCC had no significant relation with the patients’ age, gender,
tumor size and differentiation level of HCC, while it was
related to the metastasis of HCC (P<0.05). Furthermore, a high
expression of survivin was coincident with the expression
of VEGF in HCC (P<0.01) (Table 2 and Figures 1 and 2).

>0.05

>0.05

Western blot
By analysis with GIS gel image processing system, the values
of net area indicating the expressed protein quantity are as
shown in Tables 3 and 4, Figures 3 and 4.

<0.05

protein, 12 cases of HCC did not express or slightly expressed
VEGF and 3 cases expressed VEGF. In liver cirrhosis tissue,

A

Figure 1 Expression of survivin in HCC and liver cirrhosis tissues (SP
method, ×200). A: The brown granules in the cytoplasm indicate survivin

A

Figure 2 Expression of VEGF in HCC and liver cirrhosis tissues (SP method,
×100). A: The brown granules in the cytoplasm indicate VEGF expression in

DISCUSSION
It has been identified that bcl-2 family and IAPs family
have close relations with cell apoptosis. So far six members
of IAPs family (NIAP, c-IAP1, c-IAP2, XIAP, Survivin and
Bruce) have been cloned[13]. IAPs family expresses extensively
among many species, which are of homology in their

B

protein in liver cancer cells; B: Survivin protein is not detected in liver cirrhosis
tissues.

B

HCC; B: Expression of VEGF was weak positive in some liver cirrhosis
tissues.
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Table 2 Expression of survivin and VEGF protein in HCC tissues
VEGF
Positive
Survivin
Positive
Negative

Negative

P
<0.01

18
3

5
12

lane 1
Table 3 Coincident expression of survivin and VEGF protein in HCC
or liver cirrhosis tissues
HCC group
(n = 38)

Cirrhosis group
(n = 38)

Survivin

3229.3±1383.2

562.6±226.5

VEGF

1134.8±862.2

445.4±322.6

lane 2

lane 3

lane 4

lane 5

Figure 3 Expression of survivin in HCC and liver cirrhosis tissues. Lanes 1
and 2: liver cirrhosis tissues; lanes 3-5: HCC tissues. M r of survivin: 16 500.

P

<0.01

Table 4 Correlation between HCC metastasis and expression of
survivin and VEGF protein
Metastasis group
(n = 14)
Survivin
VEGF

3841.4±1061.2
1388.6±652.4

Non-metastasis group
(n = 24)
1253.8±725.3
1081.3±773.5

P
<0.01
<0.01

structures and the abilities of inhibiting apoptosis[14]. Survivin
is the smallest member among the IAPs family. Altieri of Yale
University utilized EPR-1 (effector cell protease receptor-1)
cDNA to screen and clone survivin from human GenBank
in 1997[3]. It has been suggested (but not proven) that EPR-1
may act as a natural anti-sense to survivin in cells[15].
The expression of survivin depends on cell cycle. Hela
blocked tumor cells in G1, S, G2/M phase separately to
detect survivin mRNA amount. Survivin mRNA was not
detectable in G1 phase, increased 6.2 times in S phase and
elevated 40 times in G2/M phase. Therefore, the expression
of survivin was closely related to cell proliferation. Survivin
can suppress apoptosis of NIH3T3 cell induced by Taxol
and 293 cell induced by Fas and Bax[16]. Survivin inhibits
apoptosis mainly through targeting the terminal effectors
caspase-3 and -7 activity in apoptotic protease cascade
reaction[17,18]. These caspases operate in the distal portions
of apoptotic protease cascades, functioning as effectors
rather than initiators of apoptosis. Survivin is characterized
by a unique structure with a single BIR and no zinc-binding
domain known as the RING finger, thus survivin cannot
bind caspase-3 directly. Survivin is expressed in the G2-M
phase of the cell cycle in a cell cycle-regulated manner and
associates with microtubules of the mitotic spindle by the
coiled spirals zone[19-21]. Survivins are also called chromosomal
passenger proteins: they associate with inner centromere
regions during prophase, but subsequently relocalize to the
midzone of the central spindle and concentrate at the
midbody[22]. Survivin has the double function of controlling
spindle checkpoint and apoptotic checkpoint. The overexpression of survivin in neoplasms may obliterate this
apoptotic checkpoint and allow aberrant progression of
transformed cells through mitosis. The disruption of survivinmicrotubule interaction results in loss of antiapoptosis
function of survivin and increases caspase-3 activity during
mitosis[21].

lane 1

lane 2

lane 3 lane 4

lane 5

Figure 4 Expression of VEGF in HCC and liver cirrhosis tissues. Lanes 1 and
2: liver cirrhosis tissues; lanes 3-5: HCC tissues. Mr of VEGF: 21 000.

The results revealed that survivin was highly expressed
in HCC and seldom detected in liver cirrhosis tissues. The
expression of survivin had no association with the patients’
age, gender, tumor size and differentiation level of HCC.
It suggests that survivin may play some role in tumorigenesis
of HCC. Simultaneously, in our series, we found that high
expression of survivin was significantly correlated to VEGF
in HCC. More importantly, stronger expression of survivin
and VEGF was found in patients with metastasis than in
those without metastasis. Consequently the expression of
survivin seems to be involved in metastatic capacity of HCC.
As we know, VEGF is considered to be the most cardinal
vascular growth factor prompting angiogenesis in tumor
tissue. The mechanism of liver cancer cell shift induced by
VEGF is closely related to increased proliferation ability of
liver cells. Emerging studies have implicated a marked
induction of survivin by VEGF in vascular endothelial cells,
which can facilitate tumor metastasis by controlling apoptosis
during angiogenesis. VEGF binding to VEGF-R2 activates
the phosphatidylinositol 3-kinase (PI3K) survival pathway,
resulting in phosphorylation and activation of the serine/
threonine kinase protein kinase B (PKB/Akt). VEGF induces
the expression of several anti-apoptotic effector molecules
in Ecs by PKB/Akt pathway, including bcl-2, A1, and two
members of the IAP family, X-linked IAP (XIAP), and
survivin[23-26]. VEGF-dependent upregulation of survivin
could be prevented by cell cycle arrest in the G1 and S phases
and allows for the maintenance of the microtubule network
to inhibit apoptosis of endothelial cells[27-30]. Our results
demonstrate that the expression of survivin is consistent
with that of VEGF in HCC and both are closely correlated
to infiltration and metastasis of HCC. This is similar to
findings in endothelial cells. As such, we assume that VEGF
probably promotes the expression of survivin in HCC tissues,
then the latter inhibits apoptosis of hepatocarcinoma cells
and enhances tumor cell ability of infiltration and invasion,
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thus accelerating tumor metastasis. To clarify the interaction
mechanism between survivin and VEGF in HCC, further
studies are needed.
The cancer-specific expression of survivin, coupled with
its importance in inhibiting cell death and in regulating cell
division, makes it a useful diagnostic marker of cancer and
a potential target for cancer treatment[31]. Recently some
studies have set about to evaluate the possibility of targeting
survivin function in vivo as an anticancer strategy in which
it is shown that inhibition of survivin could effectively inhibit
de novo tumor formation and progression[32,33]. In the light
of the effect of survivin on the progression of HCC, it is
possible that inhibiting the function of survivin can be a
new treatment of HCC.
In conclusion, inhibitor of apoptosis protein survivin
plays a pivotal role in the metastasis of HCC, and it has some
correlation with tumorigenesis. It is associated with the
progression of HCC as a late event in tumorigenesis. The
expression of survivin in the primary lesion can be an
indicator for metastasis and prognosis of HCC. It could
become a new target of gene therapy of HCC.
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Abstract
AIM: To study the distribution pattern of transcription
factors NF-κB and AP-1 and their relations with the
expression of apoptosis associated-proteins Fas/FasL and
ICH-1L/S in human hepatocellular carcinoma (HCC).
METHODS: We performed in situ hybridization and
immunohistochemical techniques for NF-κB, AP-1,
Fas/FasL and ICH-1 in 40 cases of human HCC along
with corresponding nontumoral tissues and 7 cases of
normal liver tissues.
RESULTS: Twenty-two (55%) and 25 (62.5%) of 40 cases
for NF-κB and AP-1 were presented for nuclear or both
nuclear and cytoplastic staining respectively, while less
cases were presented for only cytoplastic staining for NF-κB
(18%) and AP-1 (10%) in adjacent nontumoral tissues
and negative staining in normal liver tissues. There was
no statistically significant difference of NF-κB or AP-1
activation between well differentiated tumors and poorly
differentiated tumors (P>0.05). NF-κB activity is positively
corresponded to AP-1 activation. The expression of ICH1L/S was associated with the activation of NF-κB and
AP-1 (P<0.05), but no significant relationship was found
between Fas/FasL and NF-κB or AP-1(P>0.05).
CONCLUSION: Activation of both NF-κB and AP-1 may
be required for ICH-1L/S-induced apoptosis in HCC, but
not for Fas/FasL-mediated apoptosis. NF-κB and AP-1
may play important roles in the pathogenesis of human
HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
cancers and cause of mortality in China. Much advanced
progresses in the mechanism of hepatocarcinogenesis
have been achieved for these years. Many genes such as
proto-oncogenes, tumor suppressor genes, apoptosis genes
and growth factors genes have been implicated and apoptosis
genes may play an important effect in the process of
hepatocarcinogenesis[1-6]. Apoptosis-related genes such as
bcl-2/bax, Fas/FasL and caspase are involved in the
pathogenesis of HCC[3-6]. However, more steps of apoptosis
genes in this process remain unknown yet.
Activated protein-1 (AP-1) and nuclear factor κB (NF-κB),
two of important transcription factors, play important roles
in signal transduction pathways of cell differentiation,
proliferation and apoptosis in response to a variety of
physiological and pathological stimuli[7-13]. AP-1 consists of
homodimers and heterodimers of the Jun family (c-Jun,
JunB, JunD), and the Fos family (c-Fos, FosB, Fra1, Fra2).
NF-κB is a heterodimeric complex composed of two
subunits of the Rel/NF-κB family, factors including NFκB1 (p50), NF-κB2 (p52), c-Rel, RelA/p65, and RelB[14].
Some investigators have presented aberrant DNA binding
activity of AP-1 and NF-κB in various types of human
tumor such as HCC, gastric carcinoma, breast carcinoma
and so on[15-22]. These findings suggested that AP-1 and
NF-κB may be important in the control of cell proliferation
and oncogenesis of these tumors.
The molecular mechanisms of NF-κB and AP-1 in the
regulation of Fas/FasL mediated apoptosis may be different
in T cells, Jurkat cells, hepatocyte-derived cell lines and colon
carcinoma cell[23-27]. However, whether NF-κB and AP-1
play important roles in regulation of Fas/FasL and ICH1L/S expression in human HCC is still not known. In the
present study, we undertook to investigate whether AP-1
and NF-κB are constitutively activated in human HCC tissues
and to evaluate the relationship between AP-1 or NF-κB
activity and the expression of apoptosis associated proteins
(Fas/FasL and ICH-1L/S) by in situ hybridization and
immunohistochemical techniques.
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MA
TERIALS AND METHODS
MATERIALS
Tissue preparation
Forty samples were obtained by surgical resection in our
department. All samples were independently reviewed by
two pathologists. The cases of HCC were classified
according to the criteria described by Edmondson-Steiner
and grouped as well differentiated (grade I-II; n = 25) or
poorly differentiated (grade III-IV; n = 15). Seven undamaged
liver tissues from surgical resection specimens of young
adults with minor liver injury who underwent partial
hepatectomy were used as normal control. All tissues were
fixed in 40 g/L formaldehyde (pH 7.0) for 12-24 h and
embedded in paraffin wax and then 4 µm serial sections
were cut and mounted on poly-l-lysine coated slides.
Immunohistochemistry staining
Sections were deparaffinized and rehydrated routinely.
Antigen was retrieved by heating sections in a microwave
oven at 700 W in 10 mmol/L citrate buffer (pH 6.0) for
10 min. After blocking with 0.3% H2O2 and swine serum,
specimens were then incubated with the primary antibodies,
directed against Fas, FasL, and ICH-1L/S (Santa Cruz
overnight. Secondary
product, dilution 1:100) at 4
antibodies were applied according to the manufacturer’s
recommendations (Amersham). The staining was performed
by streptavidin-peroxidase enzyme conjugate method using
a S-P kit (Zymed product). Reaction products were visualized
by DAB (diaminobenzidine). The slides were counterstained
with hematoxylin before mounting in paramount. Brown-yellow
granules in cytoplasm were recognized as positive staining.
In situ hybridization
Sections were deparaffinized and rehydrated routinely.
Oligonucleotides containing the consensus sequence of

3861

AP-1 (5’-CGCTTGATGAGTCAGCCGGAA-3’) and
NF-κB (5’-AGTTGAGGGGACTTTCCCAGGC-3’) were
respectively used as probes and 3’-labeled with biotin.
Preparations were incubated with the labeled probes
(37 , overnight). Non-specific antigen was blocked with
2% bovine serum and 0.3% Triton X-100, followed by
incubation with anti-biotin antibody alkaline phosphates
mixture for 1 h. Slides were then visualized with BCIP/
NBT. Purple-blue granules were regarded as positive
staining. In general, inactivated NF-κB and AP-1 were
located in cytoplasm and nuclei staining scored as activated
NF-κB and AP-1.
Negative controls
We used the following negative controls: (a) absence of
probes, (b) mutant AP-1 or NF-κB probes 5’-CGCTTGATAAATCAGCCGGAA-3’, and 5’-AGTTGAGGCTCCTTTCCCAGGC-3’, respectively, labeled with biotin, (c)
competition assays with a 100-fold excess of unlabeled
AP-1 or NF-κB probes, followed by incubation with its
respective labeled probe.
Statistical analysis
Statistical significance was calculated by χ2 test. The χ2 test
was used to analyze the association between NF-κB/AP-1
and histopathological grades and Fas/FasL and ICH-1L/S.
P<0.05 was regarded as significant difference.

RESUL
TS
RESULTS
Detection of NF-κB and AP-1 in HCC
In situ hybridization was performed to detect the activity
status of NF-κB and AP-1 in all 40 HCCs. NF-κB and
AP-1 distribution in nuclear or both nuclear and cytoplasm
of cancer cells are illustrated in Figures 1 and 2. Of 40

A

A

B

B

Figure 1 Hepatocellular carcinoma showing nuclear and cytoplasmic positivity
for NF-κB (A) and AP-1(B). In situ hybridization (magnification ×200).

Figure 2 Nontumor liver tissue showing focal and weak cytoplasmic positivity
for NF-κB (A) and AP-1 (B). In situ hybridization (magnification ×200).
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HCCs, 22 (55%) presented nuclear or both nuclear and
cytoplasmic staining of NF-κB by in situ hybridization in
which 13/25 (52%) were well differentiated tumors and
9/15 (60%) were poorly differentiated tumors. While 25
(62.5%) of 40 cases for AP-1 positive staining were shown
in which 14/25 (56%) were well differentiated tumors and
10/15 (66.7%) were poorly differentiated tumors. There
was no statistically significant difference of NF-κB or AP-1
activation between well differentiated tumors and poorly
differentiated tumors (P>0.05). In adjacent non-tumor
tissues, cytoplasmic staining of NF-κB or AP-1 was noted
in 27(68%) and 23(58%) respectively. But lower nuclear
staining for NF-κB (17.5%) and AP-1 (10%) was found in
non-tumor tissues than those in HCC with a statistical
significance (P<0.05). Only few hepatocytes showed
cytoplasmic staining for NF-κB (1/7) and AP-1 (2/7) in
normal liver tissues, but no staining in the nucleus. NF-κB
activity positively corresponded to AP-1 activation (Table 1).

29 (72.5%) and 31 (77.5%) of nontumor tissues, in 0%, 0%,
2/7 and 1/7 of normal liver tissues, respectively. There
were statistically significant differences of the expression
of Fas, FasL, ICH-1L, and ICH-1S between non-tumor
tissues and tumor tissues (P<0.05). The differences of Fas
and ICH-1S expression except FasL and ICH-1L were also
statistically significant between nontumor tissues and normal
liver tissues (P<0.05, Figure 3).

Table 1 Detection of NF-κB and AP-1 in HCC

a

P<0.05 vs tumor tissue.

Relationship between activated NF-κB and apoptosis proteins
in HCC
The expression of Fas and FasL was more frequent in 22
cases of HCC with activated NF-κB compared with 18
cases of HCC with inactivated NF-κB, but the differences
were not significant statistically between cases with activated
NF-κB group and with inactivated NF-κB group (P>0.05).
However, there was positive relationship between the
expression of ICH-1L and ICH-1S in the cases with activated
NF-κB and those with inactivated NF-κB (P<0.05, Table 3).

Expression of apoptosis proteins in HCC
Table 2 summarizes the results of immunohistochemical
studies on apoptosis proteins including Fas, FasL, ICH-1L
and ICH-1S. Fas, FasL, ICH-1L, and ICH-1S presented
cytoplasmic reactivity in 7 (17.5%), 6 (15%), 15 (37.5%)
and 21 (52.5%) of tumors, while in 21 (52.5%), 18 (45%),

Relationship between activated AP-1 and apoptosis proteins
in HCC
The expression of ICH-1L and ICH-1S in HCC with activated
AP-1 was also more common with a statistical significance
as compared with those with inactivated AP-1 respectively
(P<0.05). But there was no significant difference between
the expression of Fas and FasL in the cases with activated
AP-1 and those with inactivated AP-1 (P>0.05, Table 4).

Group

Cases

NF-κB
nucleus/cytoplasm
+ nucleus (+) (%)

AP-1
nucleus/cytoplasm
+ nucleus (+) (%)

40

22 (55)a

24 (60)

Well differentiated

25

13 (52)

14 (56)

Poorly differentiated

15

9 (60)

40

7 (17.5)

Tumor tissue

Nontumor tissue
Normal tissue

7

10 (66.7)
4 (10)

0

0

Table 2 Expression of Fas, FasL, ICH-1L, and ICH-1S in HCC
Group

Cases

Fas (%)

FasL (%)

ICH-1L (%)

ICH-1S (%)

Tumor tissue

40

7 (17.5)a

6 (15)

15 (37.5)

21 (52.5)

Nontumor tissue

40

21 (52.5)1

18 (45)2

29 (72.5)3

31 (77.5)4

Normal tissue

7

05

2

16

a
5

0b

P<0.05 vs tumor tissue. 1χ 2 = 10.2692, 2χ2 = 8.5714, 3χ 2 = 9.8990, 4χ2 = 5.4945,
χ 2 = 4.6890, 6χ 2 = 8.2398.

Table 3 Relationship between activated NF-κB and apoptosis proteins in HCC
NF-κB

Activated
Inactivated

Apoptosis protein

Cases

22
18

Fas

FasL

ICH-1L

ICH-1S

+

–

+

–

+

–

+

–

6
1

16
17

5
1

17
17

13
2

12
13

17
4

8
11

χ2
P

1.9048
>0.05

1.4495
>0.05

4.4444
<0.05

4.8722
<0.05

Table 4 Relationship between activated AP-1 and apoptosis proteins in HCC
AP-1

Apoptosis protein

Cases

Fas
+

Fas L
–

+

ICH-1L
–

+

ICH-1S
–

+

–

Activated

25

7

18

6

19

13

12

16

9

Inactivated
χ2

15

0

15

0

15

2

13

3

12

P

3.3362

2.5621

4.4444

5.6207

>0.05

>0.05

<0.05

<0.025
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A

B

C

D

Figure 3 Immunohistochemistry staining showing strong cytoplasmic positivity
in adjacent hepatocytes and weak positivity in HCC for Fas (A), FasL (B), ICH-

lL (C) and ICH-lS (D) (magnification ×200).

DISCUSSION
Electrophoretic mobility shift assays is a common and useful
technique for studying transcription factors. However, the
distribution of transcription factors either in nucleus or
cytoplasm cannot be shown using this technique. In situ
detection using nonradioactive oligonucleotides in paraffin
wax-embedded tissues was successfully used for studying
NF-κB and AP-1 activation in kidney and injured vessels[28].
In this study, we performed this technique to detect NF-κB
and AP-1 in HCC and obtained ideal results. The distribution
of NF-κB and AP-1 was presented in nuclear and
cytoplasmic types. Positive signals in HCC were mainly
located both in nuclei and cytoplasm while cytoplasmic
staining mainly in nontumor. We concluded that in situ
hybridization is a convenient and efficient tool for studying
transcription factors (Table 5).
Some studies have shown that DNA binding activity of
NF-κB and AP-1 was aberrant in HCC [15,16]. Liu et al.,
measured the DNA binding activity of AP-1 and NF-κB in
the peritumoral and the tumoral parts of 15 primary liver
cancers. AP-1 and NF-κB binding activities were in 73%

and 87% of the cases in the peritumoral tissue respectively.
A further activation of AP-1 and NF-κB binding in the
tumoral parts was detected in 40% and 80% of the cases
respectively. Early activation of AP-1 and NF-κB contributes
probably to the acquisition of a transformed phenotype
during hepatocarcinogenesis, whatever the etiology [15].
Tai et al., studied the NF-κB-DNA binding activity and its
dimmer, active nuclear RelA and nuclear IkappaB-alpha
proteins expression in HCC using electrophoretic mobility
shift assay and Western blot analysis. The results showed
that nuclear NF-κB DNA binding activity and nuclear RelA
protein expression were greater in tumor tissue compared
with nontumor tissue[16]. Constitutive activation of NF-κB
was found more frequently in tumor tissue compared with
nontumor tissue. In our study, the results are similar to that
by electrophoretic mobility shift assay. Furthermore, our
findings presented positive staining for NF-κB and AP-1
distribution in cytoplasm (inactive from) at 68% and 58%
in adjacent liver tissues, 1/7 and 2/7 in normal liver, and in
nuclei (active form) at 55% and 62.5% in tumor tissues.
The possible activation of NF-κB has been shown in some

Table 5 Relationship between activated NF-κB and apoptosis proteins in nontumor tissues
NF-κB

Adjacent nontumor tissues
Cases

Fas
+

Activated
Inactivated
χ2
P

7
33

15
6

FasL
–

7
12
4.8211
<0.05

Normal liver tissues

ICH-1L

ICH-1S

+

–

+

–

+

–

13
5

9
13
3.9221
<0.05

19
10

3
8

21
10

1
8

4.7130
<0.05

6.8946
<0.05

Cases

Fas
+

0
7

FasL
–

0
0

0
7
0
>0.05

ICH-1L

ICH-1S

+

–

+

–

+

–

0
0

0
7

0
2

0
5

0
1

0
6

0
>0.05

0
>0.05

0
>0.05
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carcinoma tissues such as human pancreatic carcinoma,
gastric carcinoma and breast carcinoma. NF-κB activation
was evaluated on the basis of nuclear translocation from
inactive form with NF-κB-IκBs complex in cytoplasm[18,20-22].
However, the mechanism concerning AP-1 activation in
carcinoma is not available. We further found that NF-κB
activity positively corresponded to AP-1 activation. Taken
together, these results demonstrated that NF-κB and AP-1
translocated from cytoplasm (inactive form) to nucleus
(active form) during hepatocarcinogenesis and suggested
that activation of both NF-κB and AP-1 may be required
to produce potential biological function and play important
roles in the oncogenesis of human HCC.
Fas/FasL system is involved in apoptosis in human
HCC[5,6]. In this study, we further investigated whether there
is a relationship between NF-κB or AP-1 activity and Fas/
FasL expression in HCC. The results showed that more
expression of Fas and FasL was found in cases with activated
NF-κB or AP-1 than those with inactivated NF-κB or
AP-1 in HCC but the differences were not significant
statistically (P>0.05). These data indicated that NF-κB and
AP-1 activation may not be required for Fas/FasL-induced
apoptosis in HCC. Similar results have been reported in
other different cells. Nagaki et al., found NF-κB blocks
hepatocyte apoptosis mediated by the TNF receptor, but
not by Fas[23]. In T cells, NF-κB signaling pathway is not
required for activation-induced FasL expression[24]. Lack of
a requirement for AP-1 induction in Fas-mediated death
was substantiated with Jurkat cell[25]. However, the results
contrary to those stated above have been implicated in some
studies. Marusawae et al., demonstrated that NF-κB activity
is related to Fas signaling in hepatocyte-derived cell lines,
HepG2 and Huh-7 cells. Overexpression of kinase-inactive
NF-κB-inducing kinase (NIK) and IkappaB kinase (IKK)
inhibited the activation of NF-κB introduced by anti-Fas
treatment in these cells. Inactivation of NF-κB by the
production of IkappaB-alpha protein made these cells more
susceptible to apoptosis induced by Fas stimulation [26].
NF-κB and AP-1 are also found involving in the transcriptional
regulation of FasL in Fas-mediated thymineless death of
colon carcinoma cell[27]. These results suggested NF-κB
and AP-1 may play different roles in the regulation of Fas/
FasL-mediated apoptosis in different cells.
ICH-1, a gene related to the C. elegans cell death gene
ced-3 and the mammalian homolog of ced-3, interleukin-1
beta-converting enzyme (ICE). Alternative splicing results
in two distinct ICH-1 mRNA species. One mRNA species
encodes a protein product of 435 amino acids (ICH-1L)
that is homologous to both the P20 and P10 subunits of ICE
(27% identity) and the entire CED-3 protein (28% identity).
The other mRNA encodes a 312 amino acid truncated version
of ICH-1L protein (ICH-1S). Overexpression of ICH-1L
induces programmed cell death, while ICH-1S suppresses
Rat-1 cell death induced by serum deprivation. ICH-1 plays
an important role in both positive and negative regulation
of programmed cell death in vertebrate animals[29]. In this
study, we found that aberrant expression of ICH-1 in HCC
and adjacent tissues compared to normal liver. The results
also showed that there are statistical differences between
expression of ICH-1L or ICH-1S and NF-κB or AP-1
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activation. These findings suggested that NF-κB and AP-1
may play a role in mediating ICH-1L/S expression during
pathogenesis of HCC.
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Abstract
AIM: To investigate the value of spiral CT pneumocolon
in preoperative colorectal carcinoma.
METHODS: Spiral CT pneumocolon was performed prior
to surgery in 64 patients with colorectal carcinoma. Spiral
CT images were compared to specimens from the resected
tumor.
RESULTS: Spiral CT depicted the tumor in all patients.
Comparison of spiral CT and histologic results showed that
the sensitivity and specificity were 95.2%, 40.9% in detection
of local invasion, and 75.0%, 90.9% in detection of lymph
node metastasis. Compared to the Dukes classification,
the disease was correctly staged as A in 6 of 18 patients,
as B in 18 of 23, as C in 10 of 15, and as D in 7 of 8. Overall,
spiral CT correctly staged 64.1% of patients.
CONCLUSION: Spiral CT pneumocolon may be useful in
the preoperative assessment of patients with colorectal
carcinoma as a means for assisting surgical planning.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
With the development of high-resolution scanners, technical
refinements in obtaining better quality studies, and the
accumulated clinical experience leading to better interpretation,

the role, indications, and accuracy of CT of the colon have
dramatically enlarged and improved[1-3]. Reliable preoperative
determination of the extent of spread of a colorectal carcinoma
not only indicates the expected prognosis but also assists
management. For obtaining reliable results from CT scan,
preparation of the patients, especially complete distention
of the colon using water or air as contrast agent, is the most
important precondition. Otherwise, collapse of the colon
and feces can easily be misinterpreted as tumor. Many studies
have shown that water enema spiral CT is a useful modality for
preoperative staging of patients with colorectal carcinoma[4-7].
However, water enema can be difficult and distressing in
frail elderly patients and has risk of water incontinence. Air
insufflation for the colon can be achieved easily and rapidly
and is well tolerated by the patients, and air provides an
excellent CT contrast medium[8]. There have been few reports
concerning the preoperative staging of colorectal carcinoma
with spiral CT pneumocolon. Therefore, this study aimed
to assess the value of spiral CT pneumocolon in preoperative
colorectal carcinoma.

MA
TERIALS AND METHODS
MATERIALS
Patients
From August 1998 to December 2002, 64 patients with
colorectal carcinoma, who were operated on at our institution,
underwent spiral CT pneumocolon. There were 40 men
and 24 women, ranging in age from 32 to 88 years (mean
59 years). Among the 64 patients who had a prior colonoscopy,
4 of 15 patients had an incomplete barium enema due to
barium incontinence, and 19 of 64 patients had incomplete
colonoscopy due to inability to cross a distal stricture.
Technique
All patients were fasted for at least 12 h before the study
and given an oral colon cleansing preparation the night before
CT scan. Nine-hundred milliliters of 3% diluted gastrografin
solution was given orally 45 min before, so that small bowel
loops were opacified. Anisodamine hydrochloride (10 mg,
IM) was used to control peristaltic artifact and relax the
colon. The patient was previously instructed not to void. As
the study progressed, interpretation was more straightforward
when the bladder was full.
The patients were positioned on the CT table in supine
position. A Foley catheter was inserted into the rectum and
1 500-2 000 mL room air was administered per rectum to
distend the colon. The enema was stopped if the patient
experienced abdominal discomfort. Adequate distention of
the whole colon was confirmed on the scanogram.
Studies were performed on a Toshiba Xpress/SX spiral
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CT scanner with a 10-mm collimation and pitch of 1-2, at
120 kV and 200 mA. After plain scanning, 1.5 mL/kg of
non-ionic iodinated contrast medium (iopromide, Ultravist
300; Schering, Berlin, Germany) was administered via the
antecubital vein at a rate of 3 mL/s using an autoinjector,
and scanning commenced 60 s after start of the injection
from the dome of the liver to the anal verge. The time
between CT scan and surgery ranged 1-8 d (mean 4.7 d).
Evaluating criteria
Based on previous reports[5,7,8] and our own experience, the
following three parameters were established and evaluated:
(1) local extramural invasion (irregularly serrated or speculated
outer contour, tumor mass or strands of soft tissue extending
out, and/or indistinctly increased density of the pericolonic
fat), (2) lymph node involvement (lymph node short axis
1 cm or larger, or node less than 1 cm in diameter with
obvious enhancement), and (3) distal and/or extensive disease
(liver or lung metastases, direct extension into adjacent solid
or hollow organs).
All patients with colorectal carcinoma were staged on
CT according to the modified Dukes’ classification[7]: stage
A, tumor limited to the colonic wall; stage B, tumor affecting
the serosa or the pericolonic fat; stage C, lymph node
involvement; and stage D, tumor infiltrating adjacent organs
and/or with metastases. The modified Dukes’ classification
was used because this system was currently used by surgeons
at our institution.
Image interpretation
Two experienced radiologists, who were blind to the surgical
and pathologic findings of each patient, interpreted the
images as compared to above parameters, and any discrepant
readings were solved by consensus. After a minimum of 4 wk,
the same two radiologists reviewed the images for the second
time. Intraobserver variability was evaluated by means of
a weighed k-statistic[9].

RESUL
TS
RESULTS
The overall results showed good agreement between the
two reviews by the two radiologists. The k-statistic for the
data was 0.77, representing good intraobserver agreement.
Normal findings and primary tumor
All patients tolerated the spiral CT pneumocolon well with
no significant discomfort, and had good bowel preparation
and no fluid levels or residual fecal material. The distended
colon lumen and normal colonic wall were well seen on
spiral CT (Figure 1). Using this technique the normal colonic
wall represented a single layer which was 1-2-mm thick.
Spiral CT detected the tumor in all patients and the
smallest mass was 0.7 cm×1.0 cm. The lesion was shown as
an eccentric focal mass with irregular segmental or
circumferential wall ranging 0.7-4.5 cm in thickness, and
their extension ranged 1.0-10.0 cm (Figures 2A-C). Most
lesions had an uneven, lobulated configuration and large
masses had patchy areas of necrosis. Different degrees of
distal colonic stricture were presented. The majority of the
mass showed moderate to obvious enhancement.

Figure 1 Optimal visualization of normal rectal wall (arrowheads), small
intestine (arrow), and urinary bladder (star).

Local invasion
Tumor invasion of serosa and/or pericolonic fat was
correctly staged by spiral CT in 49 (76.6%) of 64 patients
(Figures 2A and B). In the incorrectly staged group, spiral
CT overstaged 12 patients (Figure 3A) and understaged 2
patients (Figure 3B). Spiral CT evaluation had a sensitivity
of 95.2% and a specificity of 40.9%.
Lymph node involvement
Involvement of lymph nodes less than 5 mm in diameter was
seen in 7 (35.0%) of 20 patients. Spiral CT correctly diagnosed
lymph node metastasis in 15 of 20 patients (Figure 2C). In
the correctly diagnosed group, seven patients showed nodal
enhancement, and eight patients showed no enhancement
of lymph nodes larger than 1 cm in diameter. Clusters of
three or more smaller nodes (each less than 1 cm in diameter)
were seen by CT in five patients, histology revealed no
evidence of nodal involvement.
Nodal involvement was correctly staged by spiral CT in
55 (85.9%) of 64 patients. In the incorrectly staged group,
spiral CT overstaged 3 (Figure 3C) and understaged 5 of
20 patients. Spiral CT evaluation had a sensitivity of 75.0%
and a specificity of 90.9%.
Distal metastasis
Liver metastasis was presented in four patients (Figure 2D),
lung metastasis in two patients, and abdominal wall metastasis
in one patient. They were all correctly diagnosed by CT.
Only one patient with peritoneal seeding was missed due to
the small lesion.
Preoperative staging
Staging results are presented in Table 1. CT stage A was
correct in 6 of 18, stage B in 18 of 23, stage C in 10 of 15,
and stage D in 7 of 8 patients. Overall, the diagnostic
accuracy was 64.1% (41/64).

DISCUSSION
Colonoscopy and barium enema are the main methods for
diagnosis of colorectal tumors. However, both modalities
do not permit a precise preoperative prediction as to whether
a tumor is limited to the colonic wall or has spread into
surrounding tissues. Patients with severe colonic stricture
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Figure 2 Correctly staged lesions. A: Dukes stage A carcinoma (arrow); B: Dukes
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stage B carcinoma; C: Dukes stage C carcinoma; D: Dukes stage D carcinoma.

B

C

Figure 3 Incorrectly staged lesions. A: Dukes stage A carcinoma; B: Dukes

stage B carcinoma (arrow); C: Dukes stage B carcinoma.

or barium incontinence may be poor candidates for the
two examinations. Our study showed that CT pneumocolon
had the potential utility as an adjunctive imaging technique
for patients with colorectal carcinoma.

Imaging with spiral CT pneumocolon could clearly show
the lumen and wall of the colon and colonic lesions. Normal
colonic wall thickness should not exceed 3 mm in a welldistended segment, and the thickness greater than 6 mm is
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Table 1 CT findings and pathologic staging
CT staging

Pathologic staging
A

B

C

D

Total

A

6

2

1

9

B
C

12

18
3

4
10

1

34
14

15

7
8

7
64

D
Total

18

23

considered abnormal[1]. In our study with spiral CT pneumocolon
technique, the thickness of the normal colonic wall ranged
1-2 mm, and the thickness of the lesion was greater than
6 mm. We were unable to identify the mucosal lining nor
the different anatomic layers of the colonic wall as reported
by others who used water enema technique[6,7].
The sensitivity of CT detection depends mainly on the
size of the lesion and on the quality of the CT examination.
It varies from 68% if no special attempts are made to
promote visualization of the colonic lumen to 95% when
the colonic lumen is distended well. In this study, the overall
detection rate was 100%, and masses with a diameter in
1 cm were identified. Our results corresponded favorably
with previous reports[10,11]. This may be due to the adequate
preparation of patients and CT pneumocolon technique.
CT colonography generated from CT pneumocolon has
emerged in recent years. This technique can detect lesions
less than 5 mm in diameter, and its sensitivity is over 85%
in detection of polyps 10 mm or greater in size, 70-80% of
polyps 5-9 mm in size and 60% of polyps smaller than
5 mm[12,13]. It is a viable alternative for screening primary
colorectal neoplasms and examining portions of the colon
proximal to an obstructing lesion that cannot be traversed
by colonoscopy or by barium[3,10,13].
In our experience, CT has a sensitivity of 95.2% and an
accuracy of 76.6% in evaluating the local invasion. However,
the specificity is only 40.9%. Harvey et al.[8], reported that
its sensitivity is 100% and specificity is 33%. Zhou et al.[2],
reported that its sensitivity is 92.9% and specificity is 50.0%.
The reasons for the low specificity in local extension may be
that CT is not possible to distinguish the single layers comprising
the wall and there is no simple CT criterion to differentiate
inflammation of the serosa from tumor invasion[2,8]. Matsuoka
et al.[14], reported that using sagittal or coronal sections
improves diagnostic accuracy from 79.4% to 90.4% in
assessing the depth of tumor invasion. Endoscopic ultrasonography (EUS) is superior to CT in detecting the exact
depth of parietal invasion, and its accuracy is 84.9%[15]. In
our study, the accuracy of EUS was 87.5%, and its specificity
was 100% in assessing the local extension.
Traditionally, CT detection of abnormal lymph nodes
is based on imaging nodes greater than 1 cm in diameter or
finding of clustered lymph nodes[5,8]. However, lymph node
metastasis in colon cancer occurs frequently in lymph nodes
measuring less than 5 mm. Herrera-Ornelas et al.[16], have
reported a 65% incidence of lymph node metastasis.
Whereas enlarged lymph nodes may be infiltrated by
inflammatory or neoplastic cells. A relatively low sensitivity
of CT in detecting nodal metastases is anticipated. Harvey
et al.[8], reported that its sensitivity is 56% and specificity is
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95%. Gazelle et al.[5], reported that its sensitivity is 60% and
specificity is 79%. Hundt et al.[4], reported that its sensitivity
is 84.3%, its specificity being 60% and accuracy being 81.0%.
In this present study, its sensitivity, specificity, and accuracy
in detecting lymph node involvement were 75.0%, 90.9%,
and 85.9%, respectively. The disparity in these reports is
probably due to the different criteria used. In our study, five
patients with clustered lymph nodes (<1 cm) had no pathologic
evidence of nodal involvement, suggesting that this criterion
is unreliable. Further investigation is needed.
The data in this series showed that compared to the
Dukes classification, CT correctly staged 64.1% of all patients,
which is consistent with previous reports[2,8]. CT staging
accuracy, however, showed significant variations in different
Dukes categories. It correctly staged 6 (33.3%) of 18 patients
with Dukes A lesion, 18 (78.3%) of 23 patients with Dukes
B lesion, 10 (66.7%) of 15 patients with Dukes C tumor,
and 7 (87.5%) of 8 patients with Dukes D tumor.
Colon cancer is potentially curable and decision on
treatment is based on the extent of tumor. If extensive
local spread of tumor is shown by CT or MRI, the patients
can be treated with radiation therapy alone or undergo tumor
resection after radiation therapy. The success of subsequent
chemotherapy and irradiation can be determined in patients
by follow-up CT or MRI, which can be compared to the
base-line study before treatment. Recent studies showed
that endorectal surface coil MR imaging is valuable in patients
with rectal carcinoma to assess involvement of the levator
ani[1]. If involvement of the levator ani is demonstrated, an
abdominoperineal resection is needed.
In conclusion, spiral CT pneumocolon is a quick and
noninvasive method for detecting colorectal carcinoma, and
can provide valuable information preoperatively. In addition,
it may represent a useful adjunct to colonoscopy or barium
enema in patients with colorectal carcinoma.
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Abstract
AIM: Fourteen urinary nucleosides, primary degradation
products of tRNA, were evaluated to know the potential
as biological markers for patients with colorectal cancer.
METHODS: The concentrations of 14 kinds of urinary
nucleosides from 52 patients with colorectal cancer, 10
patients with intestinal villous adenoma and 60 healthy
adults were determined by column switching high
performance liquid chromatography method.
RESULTS: The mean levels of 12 kinds of urinary nucleosides
(except uridine and guanosine) in the patients with
colorectal cancer were significantly higher than those in
patients with intestinal villous adenoma or the healthy
adults. Using the levels of 14 kinds of urinary nucleosides
as the data vectors for principal component analysis, 71%
(37/52) patients with colorectal cancer were correctly
classified from healthy adults, in which the identification
rate was much higher than that of CEA method (29%).
Only 10% (1/10) of patients with intestinal villous adenoma
were indistinguishable from patients with colorectal
cancer. The levels of m1G, Pseu and m1A were positively
related with tumor size and Duke’s stages of colorectal
cancer. When monitoring the changes in urinary nucleoside
concentrations of patients with colorectal cancer
associated with surgery, it was found that the overall
correlations with clinical assessment were 84% (27/32)
and 91% (10/11) in response group and progressive

group, respectively.
CONCLUSION: These findings indicate that urinary
nucleosides determined by column switching high
performance liquid chromatography method may be useful
as biological markers for colorectal cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Nucleosides; Biological markers; Colorectal
cancer; High performance liquid chromatography
Zheng YF, Yang J, Zhao XJ, Feng B, Kong HW, Chen YJ, Lv
S, Zheng MH, Xu GW. Urinary nucleosides as biological
markers for patients with colorectal cancer. World J
Gastroenterol 2005; 11(25): 3871-3876

http://www.wjgnet.com/1007-9327/11/3871.asp

INTRODUCTION
Modified nucleosides, derived predominantly from transfer
ribonucleic acid (tRNA)[1-3], have been shown to be excreted
in abnormal amounts in the urine of cancer patients[4-7].
Interest in these materials as potential biological markers
was stimulated following evidence that tRNA methyltransferase
from cancer tissue had both increased activity and capacity
when compared to the enzyme derived from the
corresponding normal tissue of origin[8]. Studies by Borek
et al.[9], also showed that tRNA from neoplastic tissue had a
much more rapid turnover rate than the tRNA from the
corresponding normal tissue. Evidence indicates that
methylation of tRNA occurs only after synthesis of the
intact macromolecule. Because there are no specific enzyme
systems to incorporate the modified nucleosides into the
macromolecular nucleic acid, these nucleosides once released
in the process of tRNA turnover cannot be reutilized, nor
are they further degraded, but are excreted in urine[10]. Studies
have also shown that urinary nucleosides excretion in human
beings is little affected by diet, and when normalized to
urinary creatinine the daily excretion rate is remarkably
constant in a healthy individual[11].
Methodically in most of the studies urinary nucleosides
are isolated by phenylboronate affinity gel chromatography
and separated by reverse-phase high performance liquid
chromatography (HPLC)[1,5,6,12,13]. But these methods still
involve elaborate and manually performed sampleprocessing steps due to the complexity of the sample matrix.
Among the various types of cancer, colorectal cancer is
known to be one of the most prevalent and its early
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detection is thus desirable. However, attempts were rarely
made to measure the levels of urinary nucleosides from
patients with colorectal cancer to date. In this study, we
developed the automated column switching HPLC method
to investigate the excretion pattern of urinary nucleosides
associated with colorectal cancer and intestinal villous
adenoma. Differences in 14 urinary nucleoside levels were
quantified in 52 patients with colorectal cancer, 10 patients
with intestinal villous adenoma and 60 healthy adults. The
relationship of urinary excretion of these compounds from
patients with colorectal cancer with the tumor size, Duke’s
stages and differentiation were studied. Changes in the levels
of urinary nucleosides were examined preoperatively and
postoperatively in patients with colorectal cancer. These data
were collected to test the utility of urinary nucleosides as
biological markers for colorectal cancer.

MA
TERIALS AND METHODS
MATERIALS
Chemicals and equipment
The following 14 nucleoside standards including the internal
standard 8-bromoguanosine hydrate (Br8G) were obtained
from Sigma (St. Louis, MO, USA): pseudouridine (Pseu),
cytidine (C), uridine (U), 1-methyladenosine (m1A), inosine
(I), 5-methyluridine (m5U), guanosine (G), 1-methylinosine
(m1I), 1-methylguanosine (m1G), N4-acetylcytidine (ac4C),
N 2-methylguanosine (m2G), adenosine (A), N 2, N 2methylguanosine (m22G), N 6-methyladenosine (m6A).
Methanol (MeOH) was HPLC-grade purchased from Tedia
(Fairfield, OH, USA). Ammonium acetate (NH 4AC),
ammonia (NH3·H2O) and potassium dihydrogenphosphate
(KH2PO4) were all analytical reagents obtained from China.
Water was deionized and purified by a Milli-Q system
(Millipore, Bedford, MA, USA).
The HPLC system (Figure 1) consisted of three Shimadzu
LC-10ATVP pumps (Kyoto, Japan), an autoinjector model
SIL 10ADVP, an SPD-10AVP UV-Vis detector and an SCL
10AVP interface. An electric six-port valve (Rheodyne, USA)
was used for the automated column switching. Valve
switching and data acquisition were done on Shimadzu ClassVP version 6.10 software. The column 1 (40 mm×4.0 mm
ID) was packed with a laboratory prepared boronic acidsubstituted silica material. It can tolerate pH values of the
buffers from 2 to 12 as well as the usual organic solvents.
The column 2 (250 mm×4.6 mm ID) was packed with
5 µm Hypersil ODS2 (Elite, Dalian, China).
Urine samples
Sixty healthy adults (31 males, 29 females, from 21 to 71 years,
median age 52 years), who have the normal physical indices
including hepatic function, renal function, chest X-ray
and colonoscopy during a regular physical examination
period in our institute, have been chosen as control material.
Fifty-two patients with colorectal cancer and 10 patients
with intestinal villous adenoma were from Ruijin Affiliated
Hospital of Shanghai Second Medical University, the
First and Second Affiliated Hospitals of Dalian Medical
University of China. No patient had received chemotherapy
or radiation therapy before surgery. Diagnoses of colorectal
cancer and intestinal villous adenoma were made on the
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basis of usual clinical and laboratory findings and were
confirmed by histopathology. Table 1 shows the clinical
pathological parameters of patients with colorectal cancer.
Spontaneous urine samples were collected from healthy
adults, patients with colorectal cancer and intestinal villous
adenoma. In 43 patients with colorectal cancer, urine samples
were also obtained 2 wk after surgery. All persons had
normal renal function and were free of bacterial infection
at the time when the urine was collected. After collection
the samples free of preservatives were frozen immediately
and stored at -20 . Prior to analysis, the samples were
thawed at room temperature and adjusted to pH 8.0 with
50 mL/L NH3·H2O and vortex for 3 min at 5 000 r/min.
Aliquots of 1 mL centrifuged urine containing 30 µL of
Br8G (0.30 mmol/L) were transferred to autosampler vials
and samples of 150 µL were injected to a column-switching
HPLC system.

Table 1 Clinicopathological parameters of 52 patients with colorectal
carcinoma
Clinicopathological parameters
Gender
Age (yr)

Primary site

Male

29 (55.8)

Female

23 (44.2)

Range

26-87

Mean

56.4

Median

60.0

Rectum

15 (28.8)

Sigmoid colon
Colon
Duke’s stage

Tumor size

7 (13.5)

Duke’s B

23 (44.2)

Duke’s C

15 (28.8)

Duke’s D

7 (13.5)

5 cm

23 (44.2)

Well differentiated tumor
Moderately differentiated tumor
Poorly differentiated tumor

CEA

6 (11.5)
31 (59.6)

Duke’s A

<5 cm
Histological grade

Numbers(%)

5 mg/L
<5 mg/L

29 (55.8)
9 (17.3)
32 (61.5)
11 (21.2)
15 (28.8)
37 (71.2)

Column switching HPLC method
Column 1 (Figure 1) was equilibrated for 5 min with the
mobile phase delivered by pump 1. After sample injection
(150 µL urine), column 1 was washed for 7 min with the
same buffer. During that time, nucleosides were selectively
retarded on the column 1 and the sample matrix was
discharged. At the same time, column 2 was conditioned
with the mobile phase delivered by pump 2 (position 1;
Figure 1). After this clean-up step, column 1 was seriesconnected in front of the column 2. The group-specifically
bound nucleosides on the column 1 were then eluted and
concentrated on top of the column 2 over a period of 3 min
(position 2; Figure 1). Separation of nucleosides on the
column 2 was carried out with a linear gradient elution
program over 40 min, while the column 1 was regenerated
for a new extraction cycle (position 1; Figure 1). The
nucleosides were detected at 260 nm and quantified using
the internal standard method. Table 2 shows the time events
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used for the analytical procedure.
Peak identification was performed on the basis of
retention times. Standard solutions were run daily before
and after the samples to monitor reproducibility of retention
times. The standard addition method was also used to
confirm peak identification. The levels of the urinary
nucleosides were calculated by the calibration curves,
and then were transformed into nmoL/µmoL creatinine.
Urinary creatinine levels were determined as described by
Zheng et al.[7].

Position 1

Pump2

Pump3

Position 2
Mixing container

Pump1

6

2

Valve

Column1

5

Waste

3
4

Column2

1
Auto injector

Detector

Waste

Figure 1 Schematic diagram of the column-switching HPLC system.

Data analysis
The mean excreted amounts of urinary nucleosides have
been calculated using MS Excel software. Differences of
urinary nucleoside concentrations of healthy adults, patients
with intestinal villous adenoma and colorectal cancer were
compared with SPSS 10.0 software. Spearman Correlation
Analysis was used to examine the relationship of urinary
nucleoside concentrations from patients of colorectal cancer
with the tumor size, clinical stage and differentiation.
Principal component analysis (PCA) software, a home-made
pattern recognition software, was used to classify healthy
controls, patients with intestinal villous adenoma and
colorectal cancer. It was also used to monitor changes in
the urinary excretion of nucleosides before and after surgery.
Principal components plots were drawn on the basis of the
first principal component analysis function (PC1) against
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the second principal component analysis function (PC2) of
the nucleosides for each urine specimen. The oblique
rotational method used in the software is the Promax
method[6].

RESUL
TS
RESULTS
Analytical characteristics of the method
Figure 2A is a standard chromatogram showing the resolution
of 14 nucleosides as well as the internal standard Br8G
under the condition newly developed. The calibration curves
for 14 nucleosides, linear responses in peak area ratios of
nucleosides to the internal standard vs the nucleoside
concentrations were obtained with the correlation
coefficients varying from 0.995 to 0.9995. The intra- and
inter-day precisions of the method were determined by five
repetitive analyses of an aqueous solution of standard
nucleosides on three nonconsecutive days. The relative
standard deviation (RSD) of retention times was less than
1.70% (intraday) and 3.51% (interday), and that of peak
areas was less than 3.84% (intraday) and 7.85% (interday).
The limits of detection ranged from 0.05 to 0.56 µmol/L,
which are better than the previous reports[13,15,16], thus being
suitable for the quantitative analysis.
When applied to the urine specimens from 60 healthy
adults, 10 patients with intestinal villous adenoma and 52
patients with colorectal cancer, a total of 14 nucleosides
were positively identified. A typical chromatogram of urinary
nucleosides from a normal person with peak identification
is given in Figure 2B.
Comparison of urinary excretion of nucleosides in healthy
adults, patients with intestinal villous adenoma and colorectal
cancer
Fourteen nucleoside concentrations of healthy adults
(group 1), patients with intestinal villous adenoma (group 2)
and patients with colorectal cancer (group 3) are listed in
Table 3. In the mean values of three groups, the most
abundant nucleoside was Pseu, followed by m1A and m1I.
Pseu level was elevated above the normal values plus two
standard deviation (s) in the 58% (30/52) of patients with
colorectal cancer, while 20% (2/10) of patients with intestinal
villous adenoma was elevated. Clearly, the concentrations
of 12 nucleosides (except U, G) were significantly elevated
in patients with colorectal cancer (P<0.05). Only four kinds
of nucleoside concentrations of patients with intestinal
villous adenoma were higher in comparing with those of

Table 2 Time events for the switching of column and of mobile phase 1
Time (min)

Pump

Event

Valve position

0.00–7.00

Pump 1 (eluent A)

Sample matrix are discharged by column 1

Pump 2 (eluent B)

Conditioning of column 2

7.00–10.00

Pump 2 (eluent B)

Analytes are transferred from column 1 to column 2

2

10.00–50.00

Pump 2 and Pump 3 (eluents B and C)

Analysis of nucleosides on column 2 by using a linear

1

1

gradient elution program
Pump 1 (eluent A)
1

Conditioning of column

1

Eluent A: 0.25 mol/L NH4AC (pH 8.5); eluent B: 25 mmol/L KH2PO4 (pH 4.5); eluent C: methanol:water (3:2, v/v). Flow rate: pump 1, 0.2 mL/min; pump 2, 1.2 mL/min.
Detection wavelength: 260 nm.
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healthy adults. Using 14 nucleoside concentrations as the
data vectors for PCA technique, 71% (37/52) patients with
colorectal cancer was distinguishable from healthy adults,
while healthy adults are correctly classified at 96% (58/60)
specificity. Serum CEA is the tumor marker being used in
clinic to diagnose colorectal cancer (cut-off level: 5 mg/L).
But the sensitivity of CEA method is 29% (15/52) based
on the data provided by the hospitals. Based on the equation
of classification of patients with colorectal cancer and
healthy adults, 14 urinary nucleoside concentrations of
patients with intestinal villous adenoma were calculated and
the results was marked into Figure 3A, it was found that
10% (1/10) of patients with intestinal villous adenoma were
in the area of patients with colorectal cancer.

Absorbance (AU)

A

0.6

1

0.4

0.2
2

3

567

14
9
8 10 11

15

12

0.0
10

B

20
30
t/min

40

50

Absorbance (AU)

1
0.3
13
0.2
4
0.1

14
11
10 12
9

23

67

15

8

5

0.0
10

20
30
t/min

40

50

Figure 2 Typical chromatograms of (A) 14 standard nucleoside mixtures (B)
urinary nucleosides of a normal urine obtained under the established analysis
conditions. Column-switching HPLC conditions as Table 2. Peak identification:
1 Pseu; 2 C; 3 U; 4 m1A; 5 I; 6 m5U; 7 G; 8 m1I; 9 m1G; 10 ac4C; 11 m2G;
12 A; 13 m22G; 14 Br8G; 15 m6A.

A

Nucleoside

Healthy adults

Patients with
colorectal cancer

22.08±5.11

23.99±5.61

42.19±22.25a

C

0.15±0.12

0.40±0.21c

0.43±0.49a

U

0.30±0.15

0.31±0.12

0.31±0.23

m1A

2.04±0.53

2.30±0.62

2.74±0.80a

I

0.28±0.11

0.27±0.11

0.50±0.35a

m5U

0.04±0.06

0.12±0.06c

0.13±0.08a

G

0.09±0.03

0.08±0.02

0.10±0.04

m1I

1.25±0.28

1.97±0.50c

2.76±1.94a

m1G

0.82±0.24

1.21±0.26

c

ac4C

0.69±0.20

0.70±0.19

0.84±0.30a

m2G

0.55±0.14

0.52±0.28

0.63±0.26a

A

0.52±0.16

0.59±0.25

0.66±0.30a

m22G

1.25±0.23

1.43±0.27

1.81±0.55a

m6A

0.04±0.02

0.06±0.05

0.07±0.05a

1.44±0.51a

Urinary excretion of nucleosides and clinical pathological
characteristics of colorectal cancer
We examined the relationship of urinary nucleoside
concentrations from patients of colorectal cancer with the
tumor size, Duke’s stages and differentiation. These results
are listed in Table 4. The level of m1G, Pseu and m1A
were positively correlated with the tumor size and Duke’s
stages of colorectal cancer, respectively (P<0.05). No
significant correlation was noted in observed values with
regard to tumor differentiation.
Preoperative and postoperative urinary excretion of
nucleosides
The changes in six urinary modified nucleoside concentrations
(Pseu, m1A, m1I, m1G, ac4C, m22G) before and after
surgery in 43 patients with colorectal cancer were studied.
The patients were classified into two groups: response group
(32 persons) and progressive disease group (11 persons).
Using the paired t-test, these urinary modified nucleoside
concentrations of response group before surgery were

C
PC2

11.0
9.4
7.8
6.2
4.6
3.0
1.4
-0.2
-1.8
-3.4
-5.0

-2.0 -1.4 -0.8 -0.2 0.4 1.0 1.6 2.2 2.8 3.4 4.0

Patients with
intestinal villous
adenoma

Pseu

PC2

PC1

Number 25

Table 3 Comparison of levels of urinary nucleosides from healthy
adults, patients with intestinal villous adenoma and colorectal cancer (mean±SD, nmoL/µmoL creatinine)

B
PC2

5
4
3
2
1
0
-1
-2
-3
-4
-5

Volume 11

a
P<0.05 patients with colorectal cancer vs healthy adults. cP<0.05 patients with
intestinal villous adenoma vs healthy adults.

13

4
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PC1

-3.0 -2.3 -1.6 -0.9 -0.2 0.5 1.2 1.9

Figure 3 PCA based on 14 nucleoside concentrations from healthy controls (+)
and patients with colorectal cancer (o). A: Positions of patients with intestinal
villous adenoma (*) were marked into the figure based on classification equation
from healthy controls and patients with colorectal cancer; B: Positions of 32 of
responsive cases after surgery (*) were marked into the figure based on

2.6 3.3 4.0

11.0
9.4
7.8
6.2
4.6
3.0
1.4
-0.2
-1.8
-3.4
-5.0
-2.0 -1.4 -0.8 -0.2 0.4 1.0

PC1
1.6 2.2 2.8 3.4 4.0

classification equation from healthy controls and patients with colorectal cancer;
C: Positions of 11 of progressive cases after surgery (*) were marked into the
figure based on classification equation from healthy controls and patients with
colorectal cancer.
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Table 4 Relationship of the levels of urinary nucleosides from
patients of colorectal cancer with the tumor size, Duke’s stage and
differentiation
Nucleoside

Tumor size
R

Duke’s stage
R

Differentiation
R

Pseu

0.192

0.325 a

-0.051

C
U

0.199
0.159

0.103
0.190

0.109
0.142

m1A
I

0.188
0.241

0.303a
0.198

-0.014
-0.009

m5U
G

0.056
0.262

0.149
0.135

0.033
0.113

m1I
m1G

0.287
0.376a

0.202
0.256

0.045
0.041

ac4C
m2G

0.053
0.275

0.189
0.261

0.008
0.091

A
m22G

0.068
0.287

0.224
0.270

0.023
0.051

m6A

0.097

0.157

0.201

R: relationship coefficient; aP<0.05 nucleosides vs Duke’s stage.

significantly higher than those of patients after surgery
(P<0.05). However, the pre- and post-surgery difference in
levels of these nucleosides for progressive disease group
had no significant changes.
PCA technique based on 14 nucleoside concentrations
as the data vectors was used to monitor changes in the
urinary excretion of nucleosides for patients with colorectal
cancer before and after surgery. When urinary nucleoside
concentrations of patients with colorectal cancer after
surgery were fed to the principal component regression and
marked to the space produced by the first two principal
components (PC1, PC2) of healthy adults and patients with
colorectal cancer before surgery (the process was similar to
the position prediction of the patients with intestinal villous
adenoma), it can be seen that points of 84% (27/32) patients
with effective treatment have come back to the normal
person area (Figure 3B). In the mean time, points of 91%
(10/11) patients with ineffective treatment have entered
into the area of colorectal cancer (Figure 3C).

DISCUSSION
Urinary nucleosides as biological markers of malignancy
have previously been reported for a wide variety of
cancers[1-7,17,18]. However, only few reports existed regarding
colorectal cancer. Our preliminary examination revealed that
patients with colorectal cancer excreted in their urine
significantly elevated amounts of nucleosides by HPLC
method[13]. But the method analysis of urinary nucleosides
involves manual sample extraction steps, resulting in artificial
error and time-consumption. In the current study, we
developed the automated column switching HPLC method
to examine the relationship between urinary nucleosides and
pathological characteristics of colorectal cancer and the
potential value of these compounds in monitoring progress
of the disease during surgery. The method is simple and
rapid, requiring a total analysis time of 50 min per sample,
with no time involved for sample processing. Its application
to routine urine samples suggests utility for mass patient
screening.

3875

The present study also confirmed that significantly
elevated levels of urinary nucleosides were detected in
patients with colorectal cancer by the column-switching
HPLC method developed. Our data revealed that the mean
nucleoside concentrations from patients with intestinal villous
adenoma were significantly lower than those from patients
with colorectal cancer. Only 10% (1/10) of patients with
intestinal villous adenoma were in the area of patients with
colorectal cancer. This is in accordance with the previous
studies showing that patients with noncancerous diseases
and acute infections[19,20] do not excrete significantly elevated
levels of urinary nucleosides. A current study on urinary
nucleosides in colorectal cancer patients demonstrate that
in the malignant disease not just one but several of the
nucleosides is elevated. In such a multi-component alteration
of the nucleoside levels, a pattern recognition method could
reveal more information on difference among healthy adults,
patients with intestinal villous adenoma and colorectal cancer
than the evaluation of single components. The PCA method
was applied for evaluation of the nucleoside levels in the
three groups. The sensitivity of urinary nucleosides in
patients with colorectal cancer was 71%, whereas the
sensitivity of currently used tumor marker CEA is 29%.
Urinary nucleosides may be a satisfactory biological marker
for this disease.
It was also found that the level of m1G, Pseu and m1A
were positively correlated with the tumor size and Duke’s
stages of colorectal cancer, respectively. These nucleosides
may be useful as prognostic factors. Modified nucleosides
have a much shorter half-life in the body than protein. A
faster response to therapy and recurrence of disease is
therefore feasible. Our results show that the changes in
urinary nucleoside concentrations of patients with colorectal
cancer almost paralleled with the change of disease status
of patients after surgery (Figures 3B and C). The results
are in agreement with the previous studies about urinary
nucleosides being useful for monitoring progress of
lymphoma and small cell carcinoma of the lung[21,22]. These
facts indicated that urinary nucleosides may be of value
for a rapid assessment of disease course in monitoring
colorectal cancer.
These studies have indicated the potential utility of
urinary nucleosides as biological marker for colorectal
cancer, especially when the column switching HPLC method
developed is combined with the PCA data processing
method. Because the whole-body RNA turnover correlates
quite well with the protein turnover[23], attention has to be
paid to the alterations of urinary nucleosides under various
catabolic conditions other than those occurring in malignancies,
e.g. malnutrition, endocrine abnormalities, alcoholism and
stress. More works are currently in progress to evaluate the
usefulness of urinary nucleosides in differentiating cancer
from other disease status.
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Abstract
AIM: Hepatocyte growth factor (HGF) is a multifunctional
growth factor which has pleiotrophic biological effects on
epithelial cells, such as proliferation, motogenesis, invasiveness and morphogenesis. There are few reports about
the role of HGF played in the colorectal cancer invasion.
In the present study, we tried to investigate the possible
mechanism of HGF involved in the invasion of colorectal
cancer cells in vitro.
METHODS: Matrigel migration assay was used to analyze
the migrational ability of Caco-2 and Colo320 in vitro.
We detected the mRNA expressive levels of MMP-2,
MMP-9 and their natural inhibitors TIMP-1, TIMP-2 in
Caco-2 cells by reverse-transcription polymerase chain
reaction (PCR) technique.
RESULTS: After 48 h incubation, there were notable
differences when we compared the migrational numbers
of Caco-2 cells in the group of HGF and PD98059 (the
inhibitor of p42/p44MAPK) with the control (104.40±4.77
vs 126.80±5.40, t = 7.17, P = 0.002<0.01; 104.40±4.77
vs 82.80±4.15, t = 7.96, P = 0.001<0.01). The deviation
between the HGF and PD98059 was significant (P<0.01).
Compared with controls, MMP-2 and MMP-9 mRNA
expres-sions were up-regulated by HGF (0.997±0.011 vs
1.207±0.003, t = 35.002,P = 0.001<0.01; 0.387±0.128 vs
0.971±0.147, t = 106.036, P = 0.0000<0.01, respectively);
compared with controls, TIMP-1, TIMP-2 mRNA expressions
were increased by PD98059 (1.344±0.007 vs 1.905±0.049,
t = 17.541, P = 0.003<0.01; 1.286±0.020 vs 1.887±0.022,
t = 24.623, P = 0.002<0.01, respectively).
CONCLUSION: HGF promoted Caco-2 migration mainly
by p42/p44MAPK pathway; HGF/SF stimulated the
expression of MMP-2, MMP-9 in Caco-2 and enabled
tumoral cells to damage the ECM and reach the distant
organ and develop metastasis; HGF played the function
of promoted-invasion and promoted-metastasis, in
which cellular selection was possible.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocyte growth factor/scatter factor is a polypeptide
growth factor, which enhances strong cellular disintegration,
tissue formation, inducing the migration, invasion and
angiogenesis of epithelial cells[1]. The protein production of
the c-met proto-oncogene encodes trans-membrane tyrosine
kinase and is the receptor for hepatocyte growth factor,
which regulates proliferation, differentiation, morphogenesis
and motility in various cells after being activated by HGF.
Thus, it relates with the genesis and progress in many types
of human tumors. The mechanism for HGF-c-met in the
invasion and metastasis of malignant tumor includes that
they can promote cellular migration and increase the abilities
of invasion, they also can trigger Ca++-dependent signaling
system, so activate the Ras, then activate extracellular-signal
regulated kinase (Erk), thereby regulate the contraction and
motion of cells and phosphorylate microfilament relatingprotein, regulate cellular skeleton and reinforce the ability
of cellular movement. HGF can coordinate other factors in
vivo and therefore enlighten the abilities of migration and
invasion in some malignant cells[2]. Yi found that HGF could
increase the invasion of 13 lung cancer cells in which the
receptor of c-met was expressed[3]. The motility of tumoral
cells correlated closely with the metastasis in tumor.
Tumoral invasion occurs in three main steps: adhesion,
degradation of basement membrane and movement, in which
the degradation of basement membrane passes mainly through
proteolytic kinases. Matrix metalloproteinases (MMPs) are
part of these kinases, in which MMP-2 and MMP-9 correlated
with the tumoral metastasis. The report showed that HGF
could regulate the expression of MMPs.
Mitogen-activated protein kinases (MAPK) are the kinases
between the receptors of cell membrane and the significant
intracellular regulating-targets. Cells apply this system
conducting extracellular stimulating-signal to the nucleus of
cell so that the biological effects from the cells can be trasmitted.
The pathway of intracellular signal conduction for HGF-cmet induced-biological effects is not clear.
Cellular migration is the premise of tumoral metastasis.
The characters of tumoral infiltration and metastasis are the
key factors affecting the survival and prognosis in patients. To
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confirm the conclusion that HGF can promote migration in
vitro, regulate the expression of MMPs and exist the MAPK
pathway during these processes, we applied the HGF
together with the inhibitors of p42/p44MAPK(PD98059)
and p38MAPK(SB203580) dealt with the colorectal cancer
cells: in Caco-2 and Colo320, we also observed mRNA
expression of MMP-2, MMP-9 and tissue inhibitor of metalloproteinase-1 (TIMP-1) and tissue inhibitor of metalloproteinase-2(TIMP-2) in order to investigate the function
of HGF in the invasion of colorectal cancer cells in vitro.

MA
TERIALS AND METHODS
MATERIALS
Materials
Cells and cell culture The human colorectal cancer cell
lines Caco-2 and Colo320 were purchased from China
Academy of Science in Shanghai Institute of Life Science,
Caco-2 were cultured in DMEM supplemented with 10%
fetal bovine serum, 100 U/mL penicillin and 100 µg/mL
streptomycin at 37 in a 50 mL/L CO2 atmosphere. Medium
were exchanged every other day, when the cells reached
confluence, we digested them with 0.02% EDTA+trypsin
and delivered them according to 1:2 or 1:4:. Colo320 were
cultured in DMEM supplemented with 20% fetal bovine
serum, others were identical with Caco-2.
Reagent and apparatus DMEM were purchased from
Gibcobrl; FBS from TBD; HGF from JingMei Biol in
ShenZhen and were compounded with free serum medium,
the concentration was 20 ng/mL. PD98059 and SB203580
were from Promega, they were compounded with DMSO
and made up to 10 and 20 mmol/L for storage and the
applicable concentration was 40 µmmol/L combined with
free serum, stored at 4 . Matrigel from Gene Company
in ShenYang was compounded with DMEM according to
1:3, 0 fusion; 8 µmmol/L polycarbonate size membrane
and TRIzol were from HuaMei Company, Boyden chamber
were from the Department of Oncology in China Medical
University. RT-PCR kit was from Takara, the primers of
MMP-2, MMP-9, TIMP-1, TIMP-2, β-actin were synthesized
by BoYa Bio Company in Shanghai. Amplified sections were
307, 215, 285, 265, and 690 bp respectively. Autoradiography
were purchased from Olympus and PCR amplification
instrument were from PE Company in the USA.
Methods
Matrigel migration assay This assay is similar to that
described previously[5], Boyden chambers system whose upper
and lower compartments were used to analyze the invasive
ability of Caco-2 and Colo320. The chambers were washed,
dried and irradiated under ultraviolet rays for 30 min, the
experiments were divided into four groups DMEM, HGF,
PD98059, and SB203580.
DMEM, 20 ng/mL HGF, 10% FBS (Caco-2) or 20%
FBS (Colo320), 200 µL in the lower compartment with
50 µg Matrigel onto a polycarbonate membrane, and then
1 mL (about 3±105 cell/mL) colorectal cancer cells were
put in the upper compartment of the chamber, and the
chambers were incubated at 37 in humidified air containing
50 mL/L CO2 for 48 h, at the end of incubation, the cells
on the upper side of polycarbonate membrane were wiped
off with a cotton swab and the remaining cells that traversed
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the Matrigel and spread on the lower surface of the membrane
were rinsed using distilled water twice, the membrane were
fixed for 30 min with 5 mL methanol, dried and stained
with hematoxylin for 10 min, rinsed with 1% HCl+10%
alcohol and distilled water for 1-5 min, rinsed with 1%
ammonia water and distilled water for 1-5 min, stained with
eosin 1-10 min, at last rinsed and fixed with gradient alcohol
and xylene, enclosed and counted five fields of vision using
light microscope. Results were expressed as the number of
colorectal cancer cells invaded per filter. Experiments were
done in triplicate and results are shown as mean±SD.
Effect of PD98059 on HGF-induced migration
40 µmol/L PD98059 were added to the upper compartment
with 1 mL cells for 30 min before 20 ng/mL HGF was
added to the lower side of chamber which was incubated at
37 in a 50 mL/L CO2 atmosphere for 48 h. After incubation,
similar treatment as the above-mentioned, was carried out.
Effect of SB203580 on HGF-induced migration:
40 µmol/L SB203580 were added to the upper compartment
with 1 mL cells for 30 min before 20 ng/mL HGF was
added to the lower side of chamber which was incubated at
37 in a 50 mL/L CO2 atmosphere for 48 h. After incubation,
the treatment was identical with the above-mentioned.
Detection of MMP-2, MMP-9, TIMP-1, TIMP-2 mRNA by RT-PCR
Total RNA was extracted from subconfluent cell layers
according to Single-step method of RNA isolation by acid
guanidinium thiocyanate-phenol-chloroform extraction, 2 µL
RNA was reverse-transcribed using AMV, 3 µL of the reaction
were used for amplification. The primers used are as follows:
MMP-2-F: 5’-TCAACGGTCGGGAATACA-3’
MMP-2-R: 5’-CCCACAGTGGACATAGCG-3’
MMP-9-F: 5’-TCGAACTTTGACAGCGACAAGAA-3’
MMP-9-R: 5’-TCAGGGCGAGGACCATAGAGG-3’
TIMP-1-F: 5’-CTTCCACAGGTCCCACAACC-3’
TIMP-1-R: 5’-CAGCCCTGGCTCCCGAGGC-3’
TIMP-2-F: 5’-AAACGACATTTATGGCAACCCTATC-3’
TIMP-2-R: 5’-ACAGGAGCCGTCACTTCTCTTGATG-3’
β-actin-R: 5’-GATTGCCTCAGGACATTTCTG-3’
β-actin-F: 5’-GATTGCTCAGGACATTTCTG-3
PCR reaction conditions were as follows: Thirty-five
cycles of MMP-2 PCR were performed, each consisting
of denaturation for 3 min and 45 s at 94 , annealing for
and elongation for 1 and 7 min at 72 .
1 min at 55
Thirty-five cycles of MMP-9 PCR were performed, each
consisting of denaturation for 3 min and 45 s at 94 ,
and elongation for 1 and
annealing for 1 min at 60.5
7 min at 72 . Thirty cycles of TIMP-1 PCR were performed,
each consisting of denaturation for 3 min and 30 s at 94 ,
and elongation for 30 s and
annealing for 1 min at 63
7 min at 72 . Thirty cycles of TIMP-2 PCR were performed,
each consisting of denaturation for 3 min and 45 s at 94 ,
and elongation for 30 s and
annealing for 1 min at 65
7 min at 72 . Agarose gel electrophoresis consisting of
20 g/L ethidium bromide (EB) was used to analyze the
production of PCR. Electrophoresis zones were reserved
for 1 D kodak autoradiography system, β-actin was for
controls; measure values were counted/β-actin.
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Statistical analysis
SPSS12.0 software was used, all values were expressed as
mean±SD, t-test was used to determine the significance of
differences in multiple comparisons. Values of P<0.05 were
considered to be statistically significant.

RESUL
TS
RESULTS
Migration of Caco-2
After 48 h incubation, there were notable differences when
we compared the migrational numbers of Caco-2 cells in the
group of HGF and PD98059 with the control (P<0.01).
The deviation between the HGF and PD98059 was significant
(P<0.01). The group of SB203580 had no implication. We
did not find the phenomenon in the Colo320 cells. HGF
increased the number of invading Matrigel cells, the more
numbers, the more the invading ability. We found that
PD98059 inhibited the migration of HGF-induced Caco2. (Figure 1 and Table 1).
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Expression of MMP-2, MMP-9, TIMP-1, TIMP-2
mRNA in Caco-2 cell conditions were identified with
Matrigel migration assay .Examination of MMP-2, MMP-9,
TIMP-1,TIMP-2 expression were by RT-PCR. DMEM
was control, MMP-9 expressed all groups except control,
MMP-2 was high expression in HGF group, TIMP-1 and
TIMP-2 were high expression in the group of PD98059.
HGF could stimulate the expression of MMP-2 and MMP-9,
but the function was inhibited in the presence of PD98059
(P<0.01).There were different expressions of MMP-2,
MMP-9 and TIMP-1, TIMP-2 in the group of PD98059,
with no significance. Expression of MMP-2, MMP-9 and
TIMP-1, TIMP-2 in the group of HGF were not divergent.
(Figure 2 and Table 2).

Table 2 Expression of MMPs and its inhibitors in Caco-2 (mean±SD)
MMP-2

MMP-9

TIMP-1

TIMP-2

Control

0.997±0.011

0.387±0.128

1.344±0.007

1.286±0.020

HGF

1.207±0.003

0.971±0.147

0.846±0.075

0.992±0.009

PD98059

0.824±0.037

0.350±0.007

1.905±0.049

1.887±0.022

Table 1 Migrational numbers of Caco-2 in different factors
The migrational numbers of Caco-2 (mean±SD)
Control

104.40±4.77

HGF/SF

126.80±5.40b

PD98059

82.80±4.15d

SB203580

108.4±14.38

b

P<0.01, t = 7.17; dP<0.01, t = 7.96.

DISCUSSION
In vitro, HGF/SF has the function of strongly promoting
mitogen and stimulating the growth of normal and malignant
cells[6]. HGF/SF could agitate directly cellular mobility and
spreadable effects and colon formation gets diffused by it.

A

B

C

D

Figure 1 Migration of Caco-2 in different factors: control (A), Effect of HGF (B),

PD98059 (C), and SB203580 (D).
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Figure 2 Expression of MMPs and TIMPs in Caco-2 cell: MMP-2 amplification
section (A), MMP-9 amplification section (B), TIMP-1 amplification section (C),

TIMP-2 amplification section (D).

The activity of HGF-promoted motogen and morphogen
could promote adhesion, migration and infiltration of the
cancer cells[7], as it enhanced Integrins-modulated adhesion
so that lymphocyte invasion increased six-fold[8]. About the
mechanism of HGF-promoted tumoral metastasis, Fujisaki[9]
reported that the stimulation of CD44 could induce the
expression of c-met; HGF/SF amplified CD44-induced
adhesion of LFA-1 (lymphocyte function associated antigen-1),
further amplified and agitated the Integrin-modulated
adhesion, enabled the cancer cells to adhere blood vessel
endothelium and pass through the vessel walls. The experiments
of cotransfection for c-met and CD44 found that CD44, acted
as the co-receptor of HGF, promoted the c-met tyrosine
kinases phosphorylation and downstream signaling conduction
protein kinases activation (activated MAPK), induced
tumoral growth and metastasis[10].
Recently, the research of extracellular-signal transduction
has made great progress in the interior and exterior parts
of the country. Extracellular stimulation entered from the
cellular surface and activated the signaling transduction
pathway in the cytoplasm, transduced the signaling to the
nucleus through many pathways and promoted or inhibited
special expression of the target-gene[11], including the pathway
of Ras-MAPK which played a main role in promoting cellular
proliferation and regulating genetic transcription. The character
of the cytokine receptor decided the manner of signaling
transduction, many cytokines transmitted to the nucleus
through mainly MAPK-cascades, induced the same genetic
expression procedures, produced the same biological effects
so that MAPK-cascades originated together or from the
last pathway in which many membrane receptors transducted
growth signaling to pass through the membrane[12]. MAPK
was the important intercellular signaling system, cells applied
it to transmit stimulating extracellular signal to the nucleus and
modulated biological effects produced by cells[13]. It had decided
four MAPK pathways in eukaryotic cell, including ERK,
JNK, p38MAPK, and ERK5[14]. MAPK was a kind of serine/
threonine protein kinase, activated by phosphorylation[15]. An
extracellular stimulator could activate synchronously several
members of MAPK families, Xia[16]found if they removed
neurogenic growth factor from incubation systems, and then
induced the apoptosis of PCI2, there existed activation of
p38MAPK, JNK and inhibition of ERK, the deduced
apoptosis and survival were decided by the balance between
ERK-activated by growth factor and p38MAPK, and JNKactivated by stress.

In our study, we found that PD98059, the inhibitor of
p42/p44MAPK, could restrain the numbers of HGFinduced colorectal cancer cells passed Matrigel, as such, we
confirmed that p42/p44MAPK was one of the pathways
of HGF-promoted Caco-2 invasion.
The main components of extracellular matrix (ECM)
including collagen, glucoprotein, proteoglycan and glycosamine
existed as the form of basement membrane and intercellular
tissues. There was a kind of anti-adhesion protein in extracellular
matrix called basement membrane protein, the sections of
these molecules degradation had chemotaxis so that promoted
the mobility of the cancer cells[13]. A lot of barriers were
during the metastatic processes, it was of significance for
the basement membrane beside tumoral cells and interstitial
matrix to maintain tissue morphogenesis and biological
specificity. Tumor cells might produce proteolytic ferment
through autosecretion or stimulate host to cross basement
membrane so that metastasis occurred. Therefore, the
degradation of tumor to ECM was the prerequisite for
tumoral invasion and metastasis[14]. Matrix metalloproteinases
(MMPs) were this kind of peptidase which Zn2+-dependently
degraded ECM, at present, 20 members of MMPs families
were determined. According to the different substrates, MMPs
were divided as follows: interstitial collagenase, gelatinase,
stromelysin, membrane-type MMPs[17]. In the 1980s, it was
first reported that MMPs related with the potency of cancer
metastasis[18]. The mechanism of tumor cells degraded ECM
including the activation of MAPK, cells applied the pathway
to promote the secretion of MT-MMPs and the rearrangement
of microfilament skeleton formed by myoprotein and
increased the ability of decomposing collage of ECM and
migration, then, induced tumoral infiltration and metastasis.
MMPs were the major kinases during the physiological and
pathological processes in the rebuilding or degradation of
ECM, they were the key to removing the barrier of cellular
migration. Increasing activities of MMPs was one of the
essential conditions in tumor invasion and metastasis, MMPs
could affect cellular adhesion and migration directly. But
the total degradation of ECM was controlled strictly by the
balance between activated MMPs and TIMPs (inhibitors
of MMPs)[19]. Our results showed that HGF/SF up-regulated
the expression of MMP-2, MMP-9 and TIMPs in Caco-2
compared with the control groups, we confirmed in vitro
that HGF increased the numbers of migrational Caco-2,
the results suggested that increasing activities of MMPs in
the presence of HGF enabled tumoral cells to damage the
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ECM and easily developed metastasis.
In conclusion, HGF promoted Caco-2 migration mainly
by p42/p44MAPK pathway; HGF/SF up-regulated the
expression of MMP-2, MMP-9 in Caco-2 and enabled
tumoral cells to damage the ECM; HGF played the function
of promoted-invasion and promoted-metastasis in cellular
selection; HGF could play the biological effects by MAPK,
therefore, it had a major significance for we studied the
regulation about MAPK in tumoral metastasis to understand
the relationship between the MAPK pathway and colorectal
cancer, furthermore, it would provide the evidence for
MAPK to become the target of tumoral treatment.
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shunting and liver failure non-invasively. It indicates that
PSI may play an important role in follow-up of the portosystemic hypertension gradient for outpatients with LC
unlike hepatic venous catheterization.

Abstract

INTRODUCTION
Hepatitis C virus (HCV) is the most common cause of chronic
liver disease in several countries, including Japan, and chronic
hepatitis due to HCV (CH-C), which exhibits a variable
natural course, is becoming a subject of worldwide interest.
CH-C progresses to cirrhosis of the liver (LC), and may be
complicated by hepatocellular carcinoma (HCC), hepatic
decompensation, and esophagogastric varices[1,2], although
its clinical course has not been fully defined. Despite treatment
such as injection of interferon plus oral ribavirin[3], many
patients with CH-C progress to cirrhosis[4], and develop portal
hypertension as CH-C advances to the early phase of LC[5].
Portal hypertension evaluated by “invasive” hepatic
venous pressure gradient (HVPG) is associated with
progression of liver failure and death[6-8]. Using the method
described in this study, the extent of porto-systemic shunting
(PSS) can be evaluated with the portal shunt index (PSI)
using relatively “non-invasive” per-rectal portal scintigraphy
with 99mTc pertechnetate, because PSI correlates strongly
with portal pressure[9,10]. This study monitored three lifethreatening complications of LC, including the incidence
of HCC, Child-Pugh stage progression, and progression of
esophagogastric varices, and examined the correlation
between PSI and these three complications.

AIM: To examine the correlation between the porto-systemic
hypertension evaluated by portal shunt index (PSI) and
life-threatening complications, including hepatocellular
carcinoma (HCC), liver failure (Child-Pugh stage progression),
and esophagogastric varices.
METHODS: Two hundred and twelve consecutive subjects
with HCV-related cirrhosis (LC-C) underwent per-rectal portal
scintigraphy. They were allocated into three groups according
to their PSI: group I, PSI 10%; group II, 10%<PSI<30%;
and group III, 30% PSI. Of these, selected 122 Child-Pugh
stage A (Child A) subjects were included in analysis (a mean
follow-up period of 5.9±5.4 years, range 6 mo-21 years).
RESULTS: No significant correlation between PSI and
cumulative probability of HCC incidence was observed.
Cumulative probability of Child A to B progression was
tended to be higher in group III than in group I, and
significantly higher in group III than in group II (62% vs
34%, 62% vs 37%; P = 0.060, <0.01; respectively).
Cumulative probability of varices tended to be higher in
group III than in group I (31% vs 12%, P = 0.090). On
multivariate analyses, significant correlation between PSI
and Child A to B progression was observed, and no significant
correlation between PSI and HCC incidence or varices
progression was observed.
CONCLUSION: Patients with LC-C of Child A will progress
to Child B rapidly after their PSI reaches 30% or higher.
PSI can be used to predict occult progressive porto-systemic

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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MA
TERIALS AND METHODS
MATERIALS
Patients
A retrospective cohort study was performed on 212 subjects
with HCV-related cirrhosis (LC-C), who were admitted to
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our hospital during the 24 years between March 1979 and
June 2002, and who were evaluated with PSI obtained by
per-rectal portal scintigraphy with 99mTc pertechnetate. These
subjects were diagnosed by examination of liver specimens
obtained by laparoscopy, or needle biopsy performed under
ultrasonic guidance. Exclusion criteria for this study were
as follows: other causes of cirrhosis such as HBV, autoimmune
disease, any alcohol consumption; past treatment with
interferon, endoscopic sclerotherapy or open surgery for
varices; and trans-arterial embolization or open surgery for
HCC. Within a week of hospitalization, all subjects underwent
abdominal ultrasonography for detection of ascites, ChildPugh staging as an index of liver failure and endoscopy for
detection of esophagogastric varices[11]. Three Child-Pugh
stages were considered: stage A (score 5-6), stage B (7-9),
and stage C (10-15). The 212 subjects with cirrhosis were
distributed as follows: Child-Pugh stage A (Child A), 122;
Child B, 73; and Child C, 17. At entry, we used other possible
predictors of LC prognosis, including sex, age, serum albumin,
total bilirubin (T-bil), prothrombin time (PT), and platelets[12].
Longitudinal study
We selected 122 Child A subjects for a longitudinal study;
these subjects gave their informed consent to participate,
and agreed to return after discharge to our outpatient clinic
for monitoring. The procedures were approved by the Ethics
Committee of Graduate School of Medicine, Osaka City
University. A total of 122 subjects were monitored for a
mean period of 5.9±5.4 years (range 6 mo to 21 years).
Monitoring was maintained for each evaluation until
confirmation of HCC, or Child A to B progression, or
varices progression, or the end of the outcome observation
period (June 2002). Subjects were excluded from the study
if they were followed by another hospital, or their monitoring
periods were less than 6 mo.
After excluding dropouts, we were able to monitor the
following subjects for at least 6 mo: for HCC incidence,
108 subjects; for Child A to B progression, 107; and for
varices progression, 109. A PSI value of 10% or higher is
considered to be abnormal[9], and a PSI of 30% or higher
has an especially poor prognosis for chronic liver diseases[5].
We defined three groups according to their PSI: group I,
PSI 10%; group II, 10%<PSI<30%; and group III, 30%
PSI. The subjects were further divided as follows: for
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HCC incidence, 108 subjects-group I, 33; group II, 41; and
group III, 34; for Child A to B progression, 107 subjectsgroup I, 32; group II, 41; and group III, 34; for varices
progression, 109 subjects-group I, 33; group II, 41; and
group III, 35. These subjects underwent the following
examinations: laboratory studies and physical assessment
of the extent of hepatic encephalopathy for Child’s staging,
with a mean interval of 4.1±0.8 mo; abdominal ultrasonography or dynamic CT for assessment of the extent of
ascites or the existence of HCC, with a mean interval of
2.1±0.6 mo; and endoscopy for varices, with a mean interval
of 8.1±2.1 mo. HCC was confirmed by histology obtained
by needle biopsy performed under ultrasonic guidance, or
confirmed by selective angiography. The extent of hepatic
encephalopathy was defined from detection of tremor
and/or disorientation by physicians. The extent of ascites
was confirmed by abdominal ultrasonography and/or
physical assessment. We defined progression (or incidence)
of each complication as the first confirmation of HCC, or
Child B or a new variceal factor[13]. Figure 1 shows flow of
participants through monitoring.
Measurement of the portal shunt index
The subjects fasted after the evening meal on the day before
examination. In the morning, the rectum was emptied by
administration of a laxative. First, 370 MBq of 99m Tc
pertechnetate (2 mL solution) was given per rectum through
a polyethylene tube (Nélaton’s catheter, French 16) into
the upper rectum, followed by 15 mL of air. Time–activity
curves for the heart and liver areas were obtained every 4 s
using a large-field scintillation camera (Vertex-Plus, ADAC
Laboratories, Silicon Valley, USA). It was equipped with a
low-energy, multipurpose, parallel-hole collimator and was
interfaced with a digital computer. The camera was positioned
over the patient’s abdomen so that the field of view included
the heart, liver, and spleen. At the end of the 5-min examination,
a 5-min summed color image was recorded. To measure
the extent of PSS by PSI, we calculated the number of
counts for the heart as a percentage of the counts for the
heart and liver integrated for 24 s immediately after the
appearance of the liver time-activity curve[9].
Statistical analysis
Results were analyzed by SAS 8.12 statistical software (SAS

212 LC-C subjects screened
122 Child A
73 Child B
17 Child C
For a longitudinal study
122 Child A selected.
Follow period: 5.9±5.4 yr
For HCC incidence

For Child A to B progression

14 excluded
108 included in analysis.
33 group I
41 group II
34 group III
Intervals: 4.1±0.8 mo

15 excluded
107 included in analysis.
32 group I
41 group II
34 group III
Intervals: 2.1±0.6 mo

Figure 1 Flow of monitoring, group I, PSI
10%; group II, 10%<PSI<30%;
group III, 30%
PSI. LC-C, HCV-related cirrhosis; Child A, Child-Pugh stage

A; PSI, portal shunt index.

For varices progression
13 excluded
109 included in analysis.
33 group I
41 group II
35 group III
Intervals: 8.1±2.1 mo
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Institute Inc., Cary, NC) [14,15]. Data were expressed as
mean±SD. Comparisons between PSI groups were made
by the Kruskal-Wallis test, the Mantel-Haenszel test, or
ANOVA. The cumulative progression rates were calculated
and plotted by the Kaplan-Meier method, and were compared
by the log-rank test. Any significant variable was considered
suitable for the multivariate analysis using Cox’s regression
model. P<0.05 was taken as statistically significant.

Cumulative progression
No significant correlation between PSI and cumulative
probability of HCC incidence was observed (Figure 2A).
Cumulative probability of Child A to B progression was
tended to be higher in group III than in group I, and
significantly higher in group III than in group II (62% vs 34%,
62% vs 37%; P = 0.060, <0.01; respectively) (Figure 2B).
Cumulative probability of esophagogastric varices tended
to be higher in group III than in group I (31% vs 12%,
P = 0.090) (Figure 2C).
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DISCUSSION
Even if physical symptoms and serum biochemical tests
indicate the early phase of LC-C, the patient may already have
occult advanced hepatic damage. PSI is a possible predictor
of occult progressive stages of LC-C for outcome patients.
While PSI obtained by per-rectal portal scintigraphy has its
own weaknesses (it emphasizes PSS via the inferior mesenteric
vein, rather than via the superior mesenteric vein, and

Morbidity
Table 2 presents the proportions of Child A to B progression
and relative risks as uni- and multivariates of possible

100

Volume 11

predictors, which were classified at the entry of the study.
The total proportion of each predictor, except PSI, was divided
into two between better (upper line) and worse (lower line)
at a cut-off value according to Child staging, or reports by
other authors: for instance, albumin, at 3.5 g/dL[11,12,16].
Group III had the highest rate of Child A to B progression
(21 of 34, 61.8%), followed by <3.5 albumin (50.0%), and
<100 PT (48.8%) (Table 2). A significant relationship was
found between group (I+II) and group III (crude RR = 2.44,
95%CI = 1.33-4.48, P<0.01), and between group II and group
III (2.95, 1.40-6.24, P<0.01), with a trend of significance
(P<0.05). No significant increase of other predictors was
revealed. PSI and the common useful predictors such as
albumin and platelets were included in multivariate analysis;
only group III remained significant (adjusted RR = 2.98,
95%CI = 1.29-6.87, P<0.05).
The group with <10 platelets had the highest incidence
of HCC and the highest progression of varices (30.3%,
47.1%, respectively). On multivariate analyses, no significant
associations were found between PSI and incidence of HCC
or progression of esophagogastric varices.

RESUL
TS
RESULTS
Patient characteristics at entry
Table 1 presents patient data at entry classified by PSI. The
differences between the PSI groups were significant for the
following parameters: age, albumin, T-bil, platelets (P<0.01,
<0.01, <0.05, and <0.01, respectively).

A
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Figure 2 The probability of each life-threatening complication. A: The cumulative
incidence rate of HCC (n = 108). B: The cumulative progression rate of Child A
to B (n = 107). C: The cumulative progression rate of esophagogastric varices
(n = 109). The continuous line shows group I (PSI
10%); the large dotted line

I vs
II
I vs
III
II vs
III

15
20
Time (yr)

NS
P = 0.060
P <0.01

25

Probability of varices progression (%)
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60

G I vs
G II

50

G I vs
Group
G III P = 0.090
G II vs
NS
Group
G III

40

NS

11/35 pts (31%)
III
9/41 pts (22%)
II

30
4/33 pts (12%)

20

Group I

10
0

0

5

10

15
20
Time (yr)

25

shows group II (10%<PSI<30%); and the small dotted line shows group III (30%
PSI). Child A, Child-Pugh stage A; PSI, portal shunt index; pts, patients; GI,
group I; GII, group II; GIII, group III; NS, not significant.

Table 1 Characteristics by portal shunt index at entry
Group I
PSI 10%
Sex (Male/Female), n

Group II
10%<PSI<30%

Group III
30% PSI

P

25/13

31/15

30/8

NS

2

Age, yr
Albumin, g/dL

48.4±11.7
4.0±0.5

54.3±13.0
4.0±0.3

54.9±9.9
3.6±0.4

<0.01
<0.01

1
3

Total bilirubin, mg/dL
Prothrombin time, %

0.8±0.3
95.4±17.2

0.9±0.4
94.5±15.5

1.1±0.4
92.5±20.2

<0.05
NS

1
1

Platelets, /mm3

16.4±5.7

14.7±6.9

10.6±5.0

<0.01

1

ANOVA: analysis of variance, PSI: portal shunt index, NS: not significant. Data are expressed as mean±SD. 1Kruskal-Wallis test, 2Mantel-Haenszel test, 3ANOVA.
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Table 2 Relative risks of possible predictors for Child-Pugh stage A to B progression

Sex
Age (per 1 yr)
Albumin, g/dL
Total bilirubin, mg/dL
Prothrombin time, %
Platelets, /mm3
Portal shunt index

1

Classification of

Proportion of Child-Pugh

predictor at entry

stage A to B progression, n/N (%)

Crude RR (95%CI)

Female
Male

16/34 (47.1)
31/73 (42.5)

3.5+
<3.5
<1.0
1.0+
100+
<100
10+
<10
Group I
Group II
Group III

25/63 (39.7)
22/44 (50.0)
32/69 (46.4)
15/38 (39.5)
27/66 (40.9)
20/41 (48.8)
32/73 (43.8)
13/32 (40.6)
11/32 (34.4)
15/41 (36.6)
21/34 (61.8)

Group (I+II)
Group III

26/73 (35.6)
21/34 (61.8)

1.00
1.47 (0.76-2.84)
0.99 (0.96-1.01)
1.00
1.49 (0.83-2.67)
1.00
1.27 (0.68-2.39)
1.00
1.06 (0.59-1.91)
1.00
1.60 (0.81-3.16)
1.51 (0.65-3.51)
1.00
2.95 (1.40-6.24)b
(P trend <0.05)
1.00
2.44 (1.33-4.48)d

Relative risks
2

Adjusted RR (95%CI)

1.00
0.98 (0.49-1.95)

1.00
1.40 (0.68-2.86)
1.67 (0.70-3.99)
1.00
2.98 (1.29-6.87)a
(P trend: NS)
1.00
2.36 (1.17-4.78)c

a
P<0.05 vs Group II PSI, bP<0.01 vs Group II PSI, cP<0.05 vs Group (I+II) PSI, dP<0.01 vs Group (I+II) PSI, NS: not significant. 1RR and their 95% CI were determined by a
Cox’s regression model. 2This model includes albumin, platelets, PSI. Group I, PSI 10%; Group II, 10%<PSI<30%; Group III, 30% PSI; Group (I+II), PSI<30%. CI:
Confidence interval, RR: Relative risk, PSI: Portal shunt index, n; progression proportion, N; total proportion.

expresses the extent of PSS indirectly), it should be useful
for the observation of LC-C because it is a simple and noninvasive technique unlike hepatic venous catheterization[9].
In this study, we used 99mTc pertechnetate for per-rectal
portal scintigraphy because of its short half-life and low
cost[17]. Our study had three major findings.
First, there was no correlation between the porto-systemic
hypertension and HCC incidence. This finding suggests that
HCC occurs independently of the decrease in hepatic blood
flow due to the development of PSS.
Second, patients with LC-C of Child A will progress to
Child B rapidly after their PSI reaches 30% or higher. Shiomi
et al.[5], have reported that changes in the portal hemodynamics
of chronic liver disease subjects were not gradual. The
development of PSS causes hepatic functional reserve to
deteriorate rapidly. We propose that per-rectal portal
scintigraphy is useful to predict occult progressive portal
hypertension and liver failure in the early phase of LC-C,
on the basis of the strong relationship between PSI and the
Child-Pugh staging.
Third, the natural advance of PSS has relevance to
esophagogastric varices progression in patients with the early
phase of LC-C. Other authors have reported that the portosystemic pressure gradient is a strong predictor for varices
progression[18,19]. But in this study, PSI showed no statistical
advantage over platelets, albumin, or T-bil for detecting the
progression of varices. The reason why PSI was worse than
these laboratory data is because esophagogastric varices
mainly reflect the flow of superior mesenteric vein.
Progressive viral hepatitis has been acknowledged as a
major indication for liver transplantation[20,21]. Kiuchi et al.[22],
have emphasized the need to evaluate the recipients
preoperatively. One of the important recipient factors is
the presence of collateral circulation[23]. Bruix et al.[24], have
reported that LC patients with increased portal pressure
are at high risk of hepatic decompensation after resection
of HCC. We propose that preoperative per-rectal portal

scintigraphy would be useful for early detection of occult
portal hypertension, to assess graft size requirement to
prevent graft failure after liver transplantation, or to avoid
liver failure after hepatectomy.
In summary, physicians can monitor the porto-systemic
hypertension gradient in LC patient during the outcome
observation period by using “non-invasive” per-rectal portal
scintigraphy; on the other hand, measurement of HVPG
needs hospitalization. In the early phase of LC-C, PSI can
be used to predict occult progressive PSS and liver failure.
Therefore, even for patients diagnosed as being in the early
phase of LC-C on the basis of other indicators, those with
an initial PSI 30% should be observed by keeping early
liver transplantation, or liver failure after hepatectomy in
mind; HCC should be watched for, regardless of PSI.
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Abstract
AIM: We have previously demonstrated that hepatitis C
virus (HCV) core protein is efficiently released into the
culture medium in insect cells. The objective of this study
is to characterize the HCV core secretion in insect cells.
METHODS: We constructed recombinant baculoviruses
expressing various-length of mutant core proteins, expressed
these proteins in insect cells, and examined core protein
secretion in insect cells.
RESULTS: Only wild type core was efficiently released into
the culture medium, although the protein expression level
of wild type core was lower than those of other mutant core
proteins. We found that the shorter form of the core construct
expressed the higher level of protein. However, if more than
18 amino acids of the core were truncated at the C-terminus,
core proteins were no longer secreted into the culture medium.
Membrane flotation data show that the secreted core proteins
are associated with the cellular membrane protein, indicating
that HCV core is secreted as a membrane complex.
CONCLUSION: The C-terminal 18 amino acids of HCV
core were crucial for core secretion into the culture media.
Since HCV replication occurs on lipid raft membrane structure,
these results suggest that HCV may utilize a unique core
release mechanism to escape immune surveillance, thereby
potentially representing the feature of HCV morphogenesis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) is the major etiologic agent of
transfusion-associated hepatitis[1-3] and is associated with a
chronic infection that leads to liver cirrhosis and hepatocellular
carcinoma[4,5]. HCV is an enveloped virus and its virion size
has been estimated at a diameter of 30-60 nm[6]. The virion
contains a single-stranded, positive-sense RNA genome of
approximately 9 600 nucleotides[7-10]. HCV belongs to the
Flaviviridae family[11,12] and its genomic sequence is related to
the flaviviruses and the pestiviruses[9,13]. The viral genome
encodes a polyprotein precursor of 3 010-3 030 amino
acids from one long open reading frame and is further
processed into multiple viral proteins[14-16]. The structural
proteins are processed by a host signal peptidase into a core
protein, envelope proteins E1 and E2, and p7[13,16,17]. The
viral nonstructural proteins are cleaved by viral proteinase
into serine protease, helicase, RNA polymerase, and functionally
undefined proteins. Biochemical properties of many
structural and nonstructural proteins have been extensively
characterized. However, studies on virion morphogenesis
and viral replication have been hampered by the inability to
propagate the viruses in a cell culture system.
The mechanism of HCV virion assembly is not yet
known because the expression of the HCV structural gene
in mammalian cells generates no detectable virion particles.
However, it has been reported that either virus-like particles
(VLPs) were produced in insect cells infected with recombinant baculoviruses expressing HCV structural proteins[18]
or nucleocapsid-like particles were self-assembled from
recombinant proteins purified in E. coli[19]. Furthermore,
previous study showed that HCV core proteins were secreted
in insect cells[20] and in mammalian cell culture[21]. In the present
study, we have further characterized the HCV core secretion
using recombinant baculovirus expression system in insect
cells. We found that C-terminal 18 amino acids of the core
were necessary for the secretion of core protein into the
culture media. Furthermore, HCV core is efficiently released
into the culture medium as a membrane-associated protein,
which may represent a unique mechanism of HCV core
assembly.
MA
TERIALS AND METHODS
MATERIALS
Construction of recombinant baculovirus shuttle vector
HCV cDNA sequence corresponding to the core protein
of the Korean isolate (genotype 1b)[22] was subcloned into
the baculovirus shuttle vector, pVL941, as described
previously[23]. Briefly, cDNAs corresponding to the both
wild type and mutant forms of HCV core protein were
amplified by polymerase chain reaction (PCR) using Taq
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DNA polymerase (Boehringer Mannheim). Each primer
contains a BamHI or a BglII site and a protein initiation
codon (ATG) at the front, and a stop codon (TGA) plus a
BamHI or a BglII endonuclease site at the end. The amplified
PCR product was gel-purified and digested with either BamHI
or BglII and inserted into the BamHI site of the pVL941
vector behind polyhedrin promoter.
Production of recombinant baculoviruses
Spodoptera frugiperda (Sf9) insect cells were co-transfected
with wild type baculovirus (Autographa californica nuclear
polyhedrosis virus, AcNPV) DNA and each recombinant
transfer vector DNA as described previously[23]. The supernatant
was harvested at 4 d after transfection and used for plaque
assays. Each virus isolated from a plaque was used to infect
Sf9 cells to obtain high titer of recombinant viruses. Protein
expression was examined either by SDS-PAGE and
Coomassie blue staining or by Western blot analysis.
Purification of secreted core protein
Sf9 cells were infected with recombinant baculoviruses at a
multiplicity of infection (m.o.i.) of 3 and incubated at 27 .
The culture supernatant was collected at 3 d after infection
and cell debris were removed by centrifugation at 3 500 r/min
for 15 min. Supernatant was further subjected to centrifugation
at 12 000 g for 30 min to eliminate the baculoviruses. The
supernatant was pelleted through 300 g/L sucrose cushion
for 90 min at 27 000 g using a SW 28 rotor. For velocity
centrifugation, the pellet was resuspended in PBS and layered
onto 200-600 g/L sucrose gradient and centrifuged at
using a SW 41 rotor. Twelve
38 000 g for 12 h at 4
fractions were collected from the top, diluted in PBS, and
subjected to centrifugation at 48 000 g for 90 min using a
SW 55 Ti rotor. The peak fractions were pooled and pelleted
as described above. The pellet was dissolved in sample buffer
and analyzed by Western blot using HCV patient sera.
Western blot analysis
Recombinant baculovirus-infected Sf9 cells were harvested
at 3 d after infection and washed twice in PBS. Either cell
lysates or secreted proteins were separated by electrophoresis
in 10-15% polyacrylamide gel containing 0.5% SDS and
transferred to a nitrocellulose membrane for 1 h. The
membrane was incubated with either HCV patient serum
or rabbit anti-HCV core antibody and proteins were visualized
as previously described[23].
Membrane flotation analysis
Sf9 insect cells were infected with recombinant baculoviruses
expressing full-length of HCV core protein. At 60 h after
infection, the culture supernatant was collected and cell
debris was removed by centrifugation at 3 500 r/min for
20 min. Culture supernatant was further subjected to centrifugation at 12 000 g for 30 min to eliminate the baculoviruses.
The supernatant was pelleted through 300 g/L sucrose
cushion for 90 min at 27 000 g using a SW 28 rotor. The
secreted HCV core proteins were subjected to equilibrium
density centrifugation and 1 mL of each fraction was
analyzed by immunoblotting using rabbit anti-HCV core
antibody as previously described[23].
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RESUL
TS
RESULTS
Expression of HCV core protein in insect cells
In order to understand the mechanism of HCV core secretion
in culture media, we generated recombinant baculoviruses
encoding full-length of HCV core protein and used them
to infect insect cells with low m.o.i. (103). Cell lysates were
prepared at 3 d after infection and analyzed for protein
expression by immunoblotting with HCV patient sera. As
shown in Figure 1A, recombinant baculovirus-infected cells
expressed the corresponding HCV core protein (lane 3).
Both wild type baculovirus (AcNPV)-infected and recombinant
baculovirus expressing small hepatitis delta antigen (SHDAg)infected cells[24] were compared as controls. To examine
whether HCV core proteins are released into the culture
medium, Sf9 cells were infected with either wild type or
recombinant baculoviruses and cell culture supernatants
were harvested at d 3 postinfection. The supernatants were
pelleted through a 300 g/L sucrose cushion and examined
for core secretion using HCV patient serum. The result
showed that the supernatant collected from the coreexpressing cells contained the core protein reacting with
HCV patient serum (Figure 1B, lane 3). Although SHDAg
protein was highly expressed in insect cells[24], this protein
was not released into the culture medium (data not shown).
We further looked for SHDAg release in the culture
supernatant harvested from SHDAg-expressing cells at d 4
postinfection. Although cytolysis started to occur at d 4
postinfection in insect cells[25], we were unable to detect
SHDAg in supernatant collected from SHDAg-expressing
cells (data not shown).
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Figure 1 Core proteins are secreted into the culture medium in insect cells. A:
Expression of HCV core protein in insect cells. cDNA corresponding to the HCV
core was subcloned into the BamHI site of the transfer vector pVL941 behind
polyhedrin promoter. Recombinant baculoviruses expressing HCV core protein
were produced as described in Materials and methods. Sf9 cells were infected
with either wild type (AcNPV) or recombinant baculoviruses expressing SHDAg,
or recombinant baculoviruses expressing HCV core protein and were harvested
at d 3 postinfection. Cell lysates were separated by SDS-containing polyacrylamide
gel electrophoresis, transferred to a nitrocellulose membrane. Proteins were
detected by Western blotting using HCV patient sera. Lane 1, Sf9 cells infected
with wild type baculoviruses; lane 2, Sf9 cells infected with recombinant baculovirus
expressing SHDAg; lane 3, Sf9 cells infected with recombinant baculovirus expressing
HCV core; B: The culture medium from (A) was centrifuged at 3 500 r/min for
15 min to remove cell debris. Supernatant was further centrifuged at 12 000 g for
30 min to remove baculoviruses. The resultant supernatant was then pelleted
through a 300 g/L sucrose cushion for 90 min at 27 000 g. The pellet was dissolved
in sample buffer and analyzed by Western blotting using HCV patient sera.
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Figure 2 Isolation of core proteins from cell culture supernatant. Sf9 cells were
infected with recombinant baculoviruses expressing HCV core protein. The culture
supernatant was collected at d 3 postinfection. Following removal of cell debris
and recombinant baculoviruses, the released core proteins were partially purified
through a sucrose cushion and were subjected to velocity gradient centrifugation.
Twelve fractions were collected and proteins were detected by Western blot
analysis using HCV patient sera.

Kinetics of core secretion
The HCV core secretion in recombinant baculovirus-infected
cells was examined over a 4-d period following infection. Sf9
cells were infected with recombinant baculovirus expressing
full-length HCV core and kinetics of protein expression in
cells and core secretion in culture media were examined.
Cell lysates and secreted core protein were prepared from
d 1 to d 4 after infection as described above. Two species
of HCV core proteins, M r 19 000 and M r 21 000, were
expressed in cells as early as d 1 (Figures 3A and C). Two
days after virus infection, intracellular core levels reached
plateau and gradually decreased thereafter. In contrast,
secreted core proteins were detected 2 d after the infection,
efficiently released into the culture medium and reached
plateau on the 3rd d, and maintained the similar level for an
additional day (Figures 3B and D). Trypan blue staining
result indicated that most of the recombinant baculovirusinfected cells were viable for 4 d (data not shown).
C-terminal 18 amino acids of core protein are essential for core
secretion
To examine which domain of the HCV core is required for
core secretion in insect cells, we constructed a series of Cterminal-deleted mutants (Figure 4A) and generated
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Characterization of secreted core proteins
To characterize the secreted core proteins, culture supernatant
harvested from recombinant baculovirus-infected cells was
pelleted through the 300 g/L sucrose cushion. The pellet
was then further subjected to sucrose velocity gradient
centrifugation. As shown in Figure 2, secreted core proteins
were located in specific fractions. When the peak fractions
were examined by electron microscopy, most of the released
core proteins were heterogeneous in size as reported[19] with
amorphous structure (Choi et al.[20], and data not shown).
We observed that some of the core proteins were easily
aggregated during preparation for electron microscopy. As
we previously reported, these secreted proteins have a buoyant
density of 1.25 g/mL in CsCl gradient separation[20].
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Figure 3 Kinetics of core protein secretion in culture medium of the recombinant
baculovirus-infected insect cells. Sf9 insect cells were infected with recombinant
baculoviruses expressing full-length core protein (A). Cell lysates were prepared
from d 1 to d 4 postinfection, and separated by SDS-PAGE on a 15% gel and Western
blotted with an HCV patient serum (B); Culture supernatants were harvested from
d 1 to d 4 postinfection and secreted core proteins were detected by Western blot
analysis. Kinetics of intracellular core protein (C) and extracellular core protein (D)
productions were quantified using a densitometric scanner (Molecular Dynamics).

recombinant baculoviruses by co-transfecting insect cells
with each mutant DNA and wild type baculovirus DNA.
Using low titer (10 3 PFU/mL) of these recombinant
baculoviruses, Sf9 insect cells were infected and protein
expressions were determined using cell lysates. As shown in
Figure 4B, all mutant viruses expressed the expected
molecular mass of proteins. This was further confirmed
by Western blot analysis (Figure 4C). It is noteworthy that
the shorter form of the core construct expressed the higher
level of protein. We proceeded to purify the secreted core
from each culture supernatant in the same way as described
above. Figure 4D showed that full-length core (C191) was
efficiently released into the culture medium, although the
protein expression level of C191 was lower than those of
other mutant core proteins. However, if C-terminal 18
amino acids of the core were deleted, core proteins were no
longer secreted into the culture medium, indicating that Cterminal 18 amino acids of HCV core were crucial for core
secretion into the culture media. We next examined whether
the C-terminal domain of HCV core could be replaced with
the comparable domains of other related hepatitis viruses. For
this purpose, we replaced C-terminal 18 aa of HCV core with
either C-terminal 18 aa of hepatitis B virus surface antigen
(HBsAg) or C-terminal 19 aa of large delta antigen of
hepatitis delta virus[24]. Although these chimera proteins were
highly expressed in insect cells, none of these proteins were
released into the culture medium (data not shown), suggesting
that authentic core sequence is necessary for secretion.
Membrane association of the secreted core protein
Recently, we showed that HCV core and NS5A protein are
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Figure 4 Effects of mutant core proteins on core secretion. (A) Schematic
diagram illustrating the recombinant baculoviruses expressing truncated forms
of core protein. Mutant core constructs were generated by PCR and the subsequent
recombinant baculoviruses were made as described in Materials and methods.
Protein expression of each mutant was confirmed by SDS-PAGE and Coomassie
Brilliant Blue staining (B) and Western blot analysis by using HCV patient serum

(C). (D) Determination of extracellular core release among wild type and mutant
core proteins. Insect cells were infected with recombinant baculoviruses expressing
wild type and various mutant forms of core proteins and harvested at d 3
postinfection. Culture supernatants were partially purified and determined for
core secretion by Western blot analysis as described in the legend to Figure 1B.

associated with cellular membrane[26] and HCV replication
occurs on lipid raft membrane structure[27]. To investigate
whether extracellular form of core proteins were secreted
as a membrane complex, we separated the released core
proteins into membrane and cytosol fractions using the
membrane flotation method as previously described[23]. The
presence of the core protein in each fraction was determined
by immunoblotting using a rabbit anti-core antibody. As
shown in Figure 5, the secreted HCV core protein was found
in both membranous and cytosolic fractions. This result
indicates that the secreted core proteins are associated with
some membranous materials.

DISCUSSION
It has been previously reported that HCV core without envelope
proteins could form a capsid in an acellular assay[19,28] and
secreted core protein has also been detected in mammalian
cells[21]. Recently, we have demonstrated that HCV core
protein is efficiently released into the culture medium in
insect cells[20]. To further understand the mechanisms of
core assembly and HCV morphogenesis, we studied the
HCV core secretion in insect cells using mutant forms of
core protein. We constructed recombinant baculoviruses
expressing various-length of HCV core proteins and were
used to infect Sf9 insect cells. Culture supernatants harvested
from recombinant baculovirus-infected cells were examined
to see which domain of core protein is required for core
secretion. As we previously reported[20], full-length HCV
core protein was efficiently released in cell culture media.
However, C-terminal-truncated mutant core proteins were
not able to be released into culture media although protein
expression levels were higher than that of wild type core
protein. This result suggests that C-terminal 18 amino acids
are essential for core protein secretion in insect cells. We
further showed that secreted core proteins are amorphous
in structure and are released into the medium as a membrane
complex. This result is consistent with the finding that both
core and NS5A are associated with intracellular membranes[27],
which may play a role in the pathogenesis of HCV. Previously,
it has been demonstrated that VLPs produced from recombinant
baculoviruses expressing a part of the 5’ UTR and structural
proteins were retained in intracellular membrane vesicles
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Figure 5 Membrane flotation analysis of secreted core proteins. Sf9 insect cells
were infected with recombinant baculoviruses expressing full-length HCV core
protein. Culture supernatant was collected at 60 h postinfection and secreted
core proteins were partially purified as described in Materials and methods. The
sample was then subjected to fractionation by equilibrium sucrose gradient
centrifugation. Eleven fractions collected from the top were analyzed by Western
blotting using rabbit anti-HCV core antibody.
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and were not released into the culture medium[18]. In fact,
transmembrane domains of E1 and E2 function as retention
signals in the endoplasmic reticulum (ER) compartment. It
has been reported that E1 and E2 of HCV formed a complex
and were retained to the ER[29,30]. Moreover, core protein
co-localized with the E2 protein[31]. This may be the reason
why core protein alone, if envelope proteins were not present,
was efficiently released into the culture media.
Previously, many capsid proteins of non-enveloped
viruses were reported to assemble into VLPs, including B19
parvovirus[32], Norwalk virus[33], papillomavirus[34], rotavirus[35,36],
and rabbit hemorrhagic disease virus[37]. Similarly, HCV core
protein without envelope proteins may be assembled into
particle-like structure. HCV is an enveloped virus. How HCV
core alone, in the absence of envelope proteins, could be
assembled into particles is an intriguing question. Nevertheless,
there are similar bodies of evidence that gag protein precursor
of HIV-1[38], HIV-2[39], or simian immunodeficiency virus[40]
self-assembled into VLPs in recombinant baculovirusinfected insect cells. Budding of rabies virus particles also
occurred in the absence of glycoprotein[41]. Therefore, HCV
seems to employ a similar assembly mechanism to those of
retroviruses and rhabdoviruses. One study showed that VLPs
were not produced from the Huh-7 cells carrying the fulllength HCV genome[42]. To date, it is uncertain how virions
are assembled in HCV-infected patients.
It is not clear how HCV core protein itself can be
efficiently secreted into insect culture media. In this study,
core protein was released out of the cells as early as 2 d
after infection. This result suggests that HCV core has the
intrinsic capacity to be secreted in culture media. Kunkel et
al.[19], reported that N-terminal 124 aa residues of the core
(genotype 1a) were sufficient for self-assembly into
nucleocapsid-like particles. In contrast, our data suggest that
full-length of core should be necessary for core assembly.
The discrepancy between the two systems may be due to
the different genotypes or different expression systems.
However, it is consistent that C-terminal hydrophobic sequence
(E1 peptidase signal) inhibits high level of protein expression
in both prokaryotic and eukaryotic cell culture systems. In
mammalian cells, the C-terminally truncated core 173 is
translocated into the nucleus, whereas intact core is destined
to the ER[43,44]. This is why core 173 could not be released
into the medium although its intracellular expression level
was high. In this study we showed that only the full-length
core was efficiently released into the culture medium,
although the protein expression level of the full-length core
was lower than those of other mutant core proteins.
Furthermore, the comparable domains of other hepatitis
viruses were unable to replace the function of C-terminal
region of HCV core. It is hence conceivable that the Cterminal domain of HCV core, in addition to being a signal
sequence for E1 protein, has intrinsic function in secretion.
It is also possible that C-terminal domain of HCV core
may interact with cellular proteins specifically.
We have compared the viability of cells infected with
recombinant baculovirus expressing HCV core and those
infected with wild type or recombinant baculoviruses expressing
HCV 5A or 5B. All of these cells showed the similar level
of viability after virus infection, indicating that HCV core
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was not toxic to the insect cells (data not shown). We also
used low titer of virus (m.o.i. of 3) to infect cells in order
to prevent cells from baculovirus-induced cytolysis[25]. Since
most of the cells were alive at the time of harvest, the
release of core protein in culture media is not due to cytolysis.
It may represent a unique mechanism of the HCV core
secretion. Indeed, it has been shown that HCV core protein
was also secreted from mammalian cell lines in culture[21].
Recently, Maillard et al.[45], reported that nonenveloped HCV
nucleocapsids were overproduced in the plasma of HCV
patients and released into the bloodstream. They also found
that nucleocapsid-like particles but not VLPs were produced
in insect cells infected with recombinant baculovirus
expressing entire structural proteins. Our study together with
these reports strongly suggests that the production of
nonenveloped HCV capsids may represent the feature of
HCV morphogenesis. HCV may utilize a unique core release
mechanism to escape immune surveillance and hence may
play a role in HCV pathogenesis.
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Abstract
AIM: To investigate the transactivating effect of complete
S protein of hepatitis B virus (HBV) and to construct a
subtractive cDNA library of genes transactivated by complete
S protein of HBV by suppression subtractive hybridization
(SSH) technique and to clone genes associated with its
transactivation activity, and to pave the way for elucidating
the pathogenesis of hepatitis B virus infection.
METHODS: pcDNA3.1(-)-complete S containing full-length
HBV S gene was constructed by insertion of HBV complete
S gene into BamH I/Kpn I sites. HepG2 cells were
cotransfected with pcDNA3.1(-)-complete S and pSV-lacZ.
After 48 h, cells were collected and detected for the expression
of β-galactosidase (β-gal). Suppression subtractive
hybridization and bioinformatics techniques were used.
The mRNA of HepG2 cells transfected with pcDNA3.1(-)complete S and pcDNA3.1(-) empty vector was isolated,
and detected for the expression of complete S protein by
reverse transcription polymerase chain reaction (RT-PCR)
method, and cDNA was synthesized. After digestion with
restriction enzyme RsaI, cDNA fragments were obtained.
Tester cDNA was then divided into two groups and ligated
to the specific adaptors 1 and 2, respectively. After tester
cDNA had been hybridized with driver cDNA twice and
underwent nested PCR twice, amplified cDNA fragments
were subcloned into pGEM-Teasy vectors to set up the
subtractive library. Amplification of the library was carried
out within E. coli strain DH5α. The cDNA was sequenced

and analyzed in GenBank with BLAST search after
polymerase chain reaction (PCR) amplification.
RESULTS: The complete S mRNA could be detected by
RT-PCR in HepG2 cells transfected with the pcDNA3.1(-)complete S. The activity of β-gal in HepG2 cells transfected
with the pcDNA3.1(-)-complete S was 6.9 times higher
than that of control plasmid. The subtractive library of
genes transactivated by HBV complete S protein was
constructed successfully. The amplified library contains
86 positive clones. Colony PCR showed that 86 clones
contained DNA inserts of 200-1 000 bp, respectively.
Sequence analysis was performed in 35 clones randomly,
and the full length sequences were obtained with
bioinformatics method and searched for homologous DNA
sequence from GenBank, altogether 33 coding sequences
were obtained. These cDNA sequences might be target genes
transactivated by complete S protein of HBV. Moreover, two
unknown genes were discovered, full length coding
sequences were obtained by bioinformatics techniques,
one of them was named complete S transactivated protein
1 (CSTP1) and registered in GenBank (AY553877).
CONCLUSION: The complete S gene of HBV has a
transactivating effect on SV40 early promoter. A
subtractive cDNA library of genes transactivated by HBV
complete S protein using SSH technique has been
constructed successfully. The obtained sequences may
be target genes transactivated by HBV complete S protein
among which some genes coding proteins are involved
in cell cycle regulation, metabolism, immunity, signal
transduction, cell apoptosis and formation mechanism of
hepatic carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) genome is defined as four open
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read frames (ORFs), which are named as the regions of S,
C, P, X, respectively. The region of S is divided into the
sub-regions of pre-S1, pre-S2 and S according to different
initial code ATG in frame. Dong et al.[1], have shown that
there is ORF before pre-S1 region in the genome of HBV
from serum of patients with long and accurate polymerase
chain reaction (LA-PCR). This region is 135 bp, which is
named temporarily as pre-pre-S and its promoter activities
are confirmed in 277 bp upstream nucleotide sequences
before pre-S1 gene[2]. Pre-pre-S, pre-S1, pre-S2 and S genes
are translated in frame according to the same ORF. It is
well-known that HBV causes acute and chronic infections
of the liver, especially chronic infections may result in
remarkable consequences [3]. HBV is considered to be a
major etiological factor in the development of human
hepatocellular carcinoma (HCC)[4-9]. Although the precise
role of HBV in the etiology of HCC is not well understood,
data have shown that some HBV proteins can exert a
significant transactivating activity on both viral and cellular
promoter[10]. This mechanism may have a close relation with
the formation of HCC.
Suppression subtractive hybridization (SSH) is a widely
used new technique in the cloning of genes transactivated
by viral proteins[11]. Complete S of HBV includes pre-pre-S,
pre-S1, pre-S2 and S regions, complete S protein functions
as a transcriptional transactivator. In the present study, we
have successfully constructed the subtractive library of genes
transactivated by HBV complete S protein.

MA
TERIALS AND METHODS
MATERIALS
Construction and identification of expression vector
The complete S gene was prepared by PCR amplification
using plasmid G376 A7 (GenBank number: AF384371) as
template[1,12,13], sense (5’-GGA TCC ATG CAG TTA ATC
ATT ACT TCC-3’) and antisense (5’-GGT ACC AAT GTA
TAC CCA AAG ACA AAA G-3’) primers (Shanghai BioAsia
Biotech Co., Ltd, China). As these primers contain BamHI
and KpnI (Takara) recognition sites on their respective
5’-ends, the amplified 1 338 bp PCR fragment was subcloned
into the BamHI and KpnI sites of pcDNA3.1(-) vector
(Invitrogen Co., USA). The expression vector, pcDNA3.1
(-)-complete S which could directly express complete S
fusion protein was obtained, then identified by PCR and
digested by BamHI/KpnI.
Expression of pcDNA3.1 (–)-complete S in HepG2 cells
HepG2 cells were transiently transfected with pcDNA3.1
(-)-complete S. At the same time, empty vectors were also
transfected into cells as controls. HepG2 cells were plated
at a density of 1.5×106 in a 35 mm plate in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with
100 mL/L heat-inactivated fetal bovine serum (FBS). After
24 h of growth to 40-50% confluence, the cells were
transfected with plasmids using FuGENE6 transfection
reagent following the manufacturer’s protocol (Roche C,
USA).
mRNA and cDNA isolation
The mRNA from HepG2 cells transfected with pcDNA3.1
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(-)-complete S and pcDNA3.1(-) empty vector was isolated
using micro mRNA purification kit (Amersham Biosciences,
Co., USA). cDNAs were reverse-transcribed from total
RNA. Identification was done by PCR with complete S
sequence-specific primers.
Cotransfection with reporter vector pSV-lacZ
HepG2 cells were transfected with various concentrations
of plasmid pSV-lacZ (0.1-1.8 µg) (Promega Co., USA).
Expression of β-gal was detected by a β-gal assay kit
(Promega, Co., USA). In pSV-LacZ the LacZ gene was under
the control of the SV40 early promoter element. The optimal
concentration of pSV-lacZ plasmid DNA was selected,
HepG2 cells was cotransfected with pSV-lacZ and pcDNA3.1
(-)-complete S (2.0 µg). At the same time, cotransfected
HepG2 cells transfected with empty pcDNA3.1(-) (2.0 µg)
and pSV-lacZ were used as controls. After 48 h, cells were
collected and detected for the expression of β-gal.
Generation of subtractive cDNA library
Gene expression comparisons by suppression subtractive
hybridization according to the manufacturer’s instructions
of PCR-selectTM cDNA subtraction kit (Clontech Co., USA).
In brief, 2 µg of mRNA from the tester and the driver was
subjected to cDNA synthesis. Tester and driver cDNAs were
digested with RsaI. The tester cDNA was subdivided into
two portions, and each was ligated with a different cDNA
adapter. In the first hybridization reaction, an excess of
driver cDNA was added to each sample of tester. The
samples were heat denatured and allowed to anneal. Because
of the second-order kinetics of hybridization, the
concentration of high- and low-abundance sequences was
equalized among the single-stranded tester molecules. At the
same time single-stranded tester molecules were significantly
enriched for differentially expressed sequences. During the
second hybridization, two primary hybridization samples
were mixed without denaturization. Only the remaining
equalized and subtracted single-stranded tester cDNAs could
re-associate forming double-stranded tester molecules
with different ends. After filling in the ends with DNA
polymerase, the entire population of molecules was subjected
to nested PCR with two adapter-specific primer pairs.
PCR analysis of subtraction efficiency
PCR was performed on un-subtracted and subtracted
secondary PCR products with the G3PDH 5’- and 3’-primers,
respectively. From each reaction, 5 µL sample was removed,
and the rest of the reaction was put back into the thermal
cycler for five more cycles. The above step was repeated
thrice, and then 5 µL sample (i.e., the aliquots were removed
from each reaction after 18, 23, 28, and 33 cycles) was
examined on 2.0% agarose gel.
Cloning subtractive library into pGEM-teasy vector
The amplified products containing a subtractive cDNA
library (6 µL) were cloned into a pGEM-teasy vector
(Promega Co., USA). Subsequently, Plasmid DNA was
transformed into E. coli strain DH5α. Bacteria were taken
up in 800 µL of LB medium and incubated for 45 min at
37 . Bacteria were plated onto agar plates containing
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ampicillin (100 µg/mL), 5-bromo-4-chloro-3-indolyl-βD-galactoside (X-Gal; 20 µg/cm 2), and isopropyl-β-Dthiogalactoside (IPTG; 12.1 µg/cm 2) and incubated
overnight at 37 . Positive (white) colonies were picked
out and identified by PCR. Primers were T7/SP6 primer
of pGEM-teasy vector. After the positive colonies were
sequenced (Shanghai BioAsia Biotechnology Co., Ltd, China),
nucleic acid sequence homology searches were performed
using the BLAST (basic local alignment search tool) server
at the National Center for Biotechnology Information.

RESUL
TS
RESULTS
Identification of expression vector
Restriction enzyme analysis of pcDNA3.1(-)-complete S
plasmid cleaved with BamHI and KpnI yielded two bands:
5 396 bp empty pcDNA3.1(-) and 1 338 bp HBV complete
S, and only one 6 734 bp band (5 396 bp+1 338 bp), it was
cleaved with Kpnl. The plasmid by PCR amplification with
complete S-specific primers got a clear band with the
expected size (1 338 bp). The sequence of the PCR product
was correct (Figure 1).

Identification of HBV complete S transient expression
Reverse-transcription by three different Oligo dT,
identification of cDNA by PCR yielded a common 1.338
bp band (Figure 2).
The stable expression of pcDNA3.1(-)-complete S in
HepG2 cells was also confirmed by Western blotting
hybridization at a high level.
Result of cotransfection of pSV-lacZ and pcDNA3.1(-)complete S
The best concentration was at 1.0 µg of pSV-lacZ. When
cotransfected with pcDNA3.1(-)-complete S and pSV-lacZ,
the A data about the expression of β-gal were 0.228. In
contrast, the expression of β-gal cotransfected with empty
pcDNA3.1(-) and pSV-lacZ was 0.033. Expression of β-gal
was 6.9-fold higher when cotransfected with pcDNA3.1(-)complete S and pSV-lacZ than when cotransfected with
empty pcDNA3.1(-) and pSV-lacZ. The significant increase
of expression of β-gal was attributed to the transactivating
effect of HBV complete S protein on early promoter of
SV40, thus increasing the expression of downstream gene
lacZ (Figure 3).
Result of PCR analysis of subtraction efficiency
The G3PDH (a housekeeping gene) primers were used to
confirm the reduced relative abundance of G3PDH
following the PCR selection procedure. The result displayed
that the G3PDH abundance of subtracted secondary
PCR products significantly decreased compared to the
un-subtracted one, indicating that the subtractive library had
a high subtraction efficiency (Figure 4).
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Figure 1 Electrophoresis of PCR products of pcDNA3-complete S and cleaved
restriction enzyme (A). Structure of expression vector pcDNA3.1(-)-complete S
plasmid(B).
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Figure 3 Result of β-galactosidase enzyme analysis.
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Figure 2 Electrophoresis of RT-PCR products in 0.9% agarose gel. Lane 1:
negative control; lanes 2-4: mRNA isolated from pcDNA3.1(-)-complete S; lane
5: blank control; M: DNA marker (2 000 bp).

Figure 4 Reduction of G3PDH abundance by PCR-selection subtraction.
Lanes 1 and 5: 18 cycles; lanes 2 and 6: 23 cycles; lanes 3 and 7: 28 cycles;
lanes 4 and 8: 33 cycles. Lane M: marker (2 000 bp).
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Analysis of subtractive library
Using suppression subtractive hybridization technique, we
obtained a total of 86 positive clones. These clones were
prescreened by PCR amplification to ensure that only clones
with different inserts were subjected to sequencing analysis
(Figure 5). Eighty-six clones contained 200-1 000 bp
inserts. A total of 35 clones from cDNA library were
randomly selected and sequenced, and 33 coding sequences
were obtained. The data are presented in Table 1. The
smear difference in subtractive library was displayed after
electrophoresis of PCR products on 2% agarose gel (Figure 6).

42 43 44 45 46 47 48 49 50 51 52 M

53 54 55 56 57 58 59 60 61 62 63 M

Figure 5 Electrophoresis of PCR products of part clones (42-63) on 0.9%
agarose gel; M: marker (2 000 bp).

2 000

200

Figure 6 Smears of HBV complete S after PCR.

DISCUSSION
The open reading frame of HBV complete S gene consists
of four coding regions: pre-pre-S, pre-S1, pre-S2 and S,
each starting with an ATG codon in frame. Through in
frame translational initiation at each of the four ATG
codons, complete S (pre-pre-S +pre-S1+pre-S2+S), large
(LHBs; pre-S1+pre-S2+S), middle (MHBs; pre-S2+S) and small
(SHBs; S) envelope glycoproteins can be synthesized[14-18].
The transactivator function of the surface protein requires
the cytoplasmic orientation of the pre-S2 domain (the
minimal functional unit) that occurs in the case of MHBst
and in a fraction of Labs[19,20]. Some studies indicate the
biological significance of the pre-S2 transactivators[21]. But
we firstly discussed the transactivator function of HBV
complete S protein in the present study.
We cotransfected HepG2 cells with pcDNA3.1(-)complete S and pSV-lacZ and demonstrated that the HBV
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Table 1 Comparison between positive clones and GenBank homology
sequences
High similarity between proteins and known genes

Number of
similar clones

Homo sapiens amino acid transporter system A2 (ATA2)
Homo sapiens heat shock 90 ku protein 1, (HSPCA)

2
4

Homo sapiens fibrinogen
Homo sapiens CDK4

1
5

Homo sapiens ribosomal protein
Homo sapiens translational initiation factor

1
1

Homo sapiens synaptophysin-like protein
Human mRNA for cytosolic malate dehydrogenase

1
1

Homo sapiens cytochrome c oxidase subunit I
Homo sapiens adenylate kinase 2 (AK2)

2
1

Homo sapiens NADH dehydrogenase
Human complement component C3 mRNA

1
1

Homo sapiens insulin-like growth factor binding protein 1
Homo sapiens SMT3 suppressor of mif two 3 homolog 2

1
1

Homo sapiens succinate dehydrogenase complex
Homo sapiens apolipoprotein H (beta-2-glycoprotein I) (APOH)

1
1

Homo sapiens BRCA2 and Cip1/p21 interacting protein splice variant
Homo sapiens Sec23 homolog A

1
1

Homo sapiens glutamate dehydrogenase 1
Homo sapiens proteasome (prosome, macropain) subunit

1
2

Homo sapiens eukaryotic translation elongation factor 1
Homo sapiens polymerase (RNA) I polypeptide D

1
2

complete S protein was successfully expressed in transfected
HepG2 cells. Expression of β-gal was 6.9-fold higher when
cotransfected with pcDNA3.1(-)-complete S and pSV-lacZ
than when cotransfected with empty pcDNA3.1(-) and
pSV-lacZ. HBV complete S had significant transactivating
effect on early promoter of SV40 virus, thus increasing the
expression of downstream gene lacZ. This result indicates
that the HBV complete S protein expressed in HepG2 cells
retains its biological activity in terms of transcriptional
activation.
To get insight into the transactivation mechanism of
HBV complete S protein, SSH was used for identification
of transactivating target genes of complete S protein, and
subtractive library was set up successfully. Sequence analysis
was performed for 35 clones, and 33 coding sequences
were obtained. These genes can be divided into four groups:
(1) The genes involved in cell structure and cell cycle
that possess the important ability to control cell growth,
differentiation and adherence, such as ribosomal protein,
mitochondrion, eukaryotic translation elongation factor.
(2) The genes related to cell energy or substance
metabolism (i.e., NADH dehydrogenase 2, cytochrome C
oxidase II, etc.).
(3) The genes involved in the mechanism underlying
the development of hepatocellular carcinoma. Cyclindependent kinase 4 (CDK4) is a key regulator of cell cycle.
It has been shown that a variety of cell cycle-related proteins
play an important role in the process of hepatocarcinogenesis.
CDK4 is related to the regulation of the cyclin G1 phase,
and significantly elevates in HCC compared to surrounding
cirrhotic tissues by Western blot and in vitro kinase assays.
The enhanced cyclin D1-related kinase activity in HCC was
accompanied with the up-regulation of CDK4 activity. In
addition, the protein levels and kinase activities of CDK4
are higher in poorly differentiated and advanced HCC. In
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conclusion, the increases of cyclin D1 and CDK4 play an
important role in the development of HCC. CDK4 activation
may be closely related to the histopathologic grade and
progression of HCC[22-24]. But CDK4 does not increase in
children with hepatic carcinoma[25]. Amino acid transporter
system A2 (ATA2) is responsible for Na+-independent
amino acid transporter system. When amino acid is starved,
the expression of ATA2 increases, suggesting that this
expression is directly related to the activity of amino acid
transporter [26] . Its mRNA increases in the biopsy of
hepatocirrhosis and hepatic carcinoma [27], especially in
chorion after hepatectomy, suggesting that ATA2 is closely
associated with hepatic regeneration[26,28]. ATA2 is cloned in
hepatic carcinoma HepG2, and increases in patients of
hepatic carcinoma[29].
(4) The genes controlling hepatic cell infection and
apoptosis, such as adenylate kinase 2(AK2) protein. AK2
gene located at the right arm of the second chromosome
may play a role in maintaining the levels of ADP/ATP by
releasing two-molecule ADP from ATP to AMP[30]. The
release of two mitochondrial proteins, cytochrome C and
apoptosis-inducing factor (AIF), into the soluble cytoplasm
of cells undergoing apoptosis has been well established.
Since only AK2 intermembrane proteins release from
mitochondria during the early phase of the apoptotic
process, AK2 is very important in cell apoptosis. AK2 and
cytochrome C are translocated in cytoplasm gelatum in
apoptosis model[31]. Therefore AK2 plays a role in inducing
cell apoptosis. Apolipoprotein H (APOH), is named as beta2-glycoprotein I and anticoagulative serum protein. The
polyomorphous APOH gene is closely related to fat
metabolism, coagulation and hypertension[32]. It is the pre-S
of HBsAg that results in HBsAg combination with APOH.
Resecting phosphatide and oxygenated phosphatide could
disturb this mutual action, suggesting that this action is
involved in the ectoblastic phosphatide[33]. Furthermore, it
is restrained from rebuilding HBsAg, anti-HBsAg and
APOH. APOH may be the vector of HBV and plays a role
in HBV infection. APOH chiefly combines with complete
Dane HBV particle with telescope, and the activity of
APOH-HBsAg is the highest in patients with active
duplication[33]. This combination facilitates virus particle
entrancing hepatic cells, and plays an important role in the
beginning of HBV infection[34].
We testified the transactivator ability of HBV complete
S protein, and constructed the subtractive cDNA library
of genes transactivated by complete S protein. These genes
are closely correlated with carbohydrate metabolism,
immunoregulation, occurrence and development of tumor.
How these genes affect occurrence and development of
chronic hepatitis B, hepatic fibrosis and hepatocarcinoma
needs to be further studied.
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Abstract
AIM: To investigate the biological function of complete S
protein and to look for proteins interacting with complete
S protein in hepatocytes.
METHODS: We constructed bait plasmid expressing
complete S protein of HBV by cloning the gene of complete
S protein into pGBKT7, then the recombinant plasmid DNA
was transformed into yeast AH109 (a type). The transformed
yeast AH109 was mated with yeast Y187 (α type) containing
liver cDNA library plasmid in 2×YPDA medium. Diploid yeast
was plated on synthetic dropout nutrient medium (SD/Trp-Leu-His-Ade) containing X-α-gal for selection and
screening. After extracting and sequencing of plasmids
from positive (blue) colonies, we underwent sequence
analysis by bioinformatics.
RESULTS: Nineteen colonies were selected and sequenced.
Among them, five colonies were Homo sapiens solute
carrier family 25, member 23 (SLC25A23), one was Homo
sapiens calreticulin, one was human serum albumin (ALB)
gene, one was Homo sapiens metallothionein 2A, two were
Homo sapiens betaine-homocysteine methyltransferase,
three were Homo sapiens Na+ and H+ coupled amino acid
transport system N, one was Homo sapiens CD81 antigen
(target of anti-proliferative antibody 1) (CD81), three were
Homo sapiens diazepam binding inhibitor, two colonies
were new genes with unknown function.
CONCLUSION: The yeast-two hybrid system is an
effective method for identifying hepatocyte proteins
interacting with complete S protein of HBV. The complete

S protein may bind to different proteins i.e., its multiple
functions in vivo.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) causes acute and chronic infections
of the liver. Acute infections may produce serious diseases,
and approximately 0.5% of the diseases will develop into
fatal, fulminant hepatitis. Chronic infections may also have
remarkable consequences[1]. Thus HBV is considered to be
a major etiological factor in the development of human
hepatocellular carcinoma (HCC), one of the most frequent
fatal malignancies worldwide, and worldwide deaths of HCC
exceed one million per year[2-7]. Epidemiological studies have
demonstrated an approximately 10-fold increase in the
relative risk of HCC among HBV carriers compared to
non-carrier.
The precise role of HBV in the etiology of HCC is not
well understood. Only occasionally, genes controlling cell
growth and differentiation are disturbed by integration of
HBV DNA sequences. An alternative mechanism of chronic
infections and hepatocarcinogenesis may be the key steps
to mutual interaction between viral proteins and hepatocellular
proteins, this action may mediate virus to enter into the
liver cells and affect the activities and function of these
proteins. Moreover, the protein from hepatocytes infected
with HBV inversely disturbs virus replication and reduces
immunity of the host, resulting in chronic liver diseases
and HCC. Elucidating this interaction between these proteins
may help to bring some new clues for discovering the
pathogenesis of viral hepatitis.
The first full length nucleotide sequence of HBV was
published in 1979. Its length is 3 182 nt, and the serum
type is ayw. The four open read frames (ORF) defined in
HBV genome at that time, are named as the regions of S,
C, P and X. The region of S is divided into the sub-regions
of pre-S1, pre-S2 and S according to different initial code
ATG in frame. Dong et al.[8], have shown that there is an
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open read frame (ORF) before pre-S1 region in the genome
of HBV, amplified from serum of patients infected with
HBV by long and accurate polymerase chain reaction (LAPCR). This region is 135 bp, and named temporarily as
pre-pre-S and its promoter activities have been confirmed
in 277 bp upstream nucleotide sequences before pre-S1
gene[9]. Pre-pre-S, pre-S1, pre-S2 and S genes are translated
in frame according to the same ORF, complete S of HBV,
including pre-pre-S, pre-S1, pre-S2 and S regions.
The function of the complete S protein in the life cycle
of HBV remains unknown. To investigate the biological
importance of the complete S protein, we screened and
identified the proteins interacting with HBV complete S
protein by yeast-two hybrid system to elucidate the biological
functions of complete S protein of HBV genome.

MA
TERIALS AND METHODS
MATERIALS
Bacterials, yeast strains and plasmids
All yeast strains and plasmids for yeast-two hybrid experiments
were obtained from Clontech Co. (Palo Alto, CA, USA) as
components of the MATCHMAKER two hybrid system
3. Yeast strain AH109 (MATa, trp1-901, leu2-3,112, ura352, his3-200, gal4 , gal80 , LYS2: GAL1UAS-GAL1TATAHIS3, GAL2 UAS-GAL2 TATA-ADE2, URA3: MEL1 UASMEL1TATA-LacZ) containing pGBKT7-53, coding for DNABD/mouse p53 fusing protein was used for cloning of bait
plasmid. Yeast strain Y187 (MATa ura3-52, his3-200, Ade2101, trp1-901, leu2-3, 112, gal4 , gal80 , met-, URA3:
GAL1 UAS-GAL1 TATA-lacZ MEL1) containing pTD1-1,
coding for AD/SV40 large T antigen fusing protein was
used for cloning of library plasmids. Pre-transformed human
cDNA liver cell library Y187 and bacterial strain DH5a
were used for cloning of shuttle plasmids. Yeast-Escherichia
coli shuttle plasmids, pGBKT7 DNA-BD cloning plasmid,
pGADT7 AD cloning plasmid, pGBKT7-53 control
plasmid, pGADT7, pGBKT7-Lam control plasmid, pCL1
plasmid were all from Clontech Co. (K1612-1). pGEM T
vector was from Promega Co., USA.
Chemical agents and culture media
Taq DNA polymerase was purchased from MBI Co., T4
DNA ligase, EcoRI and BamHI restriction endonuclease were
from Takara Co., Japan. Anti-c-myc monoclonal antibody
secreted by 1-9E10.2 hybridoma (ATCC) was prepared in
our laboratory. Goat anti-mouse IgG conjugated with
horseradish peroxidase was from Zhongshan Co., China.
Lithium acetate, semi-sulfate adenine, acrylamide and N,
N’-bis-acrylamide were from Sigma Co., and TEMED was
from Boehringer Mannheim Co. Tryptone and yeast extracts
were from OXOID Co. X-α-gal and culture media: YPDA,
SD/-Trp SD/-Leu, SD/-Trp/-Leu, SD/-Trp/-Leu/-His,
SD/-Trp/-Leu/-His/-Ade were from Clontech C., proteinG agarose was from Roche C., and pGEM-T vector was
from Promega Co.
RT-PCR kit and TNT  coupled reticulocyte lysate
systems were from Promega Co. [35S]-methionine (1 000
Ci/mmol, 10 mCi/mL) was from Isotope Company of China.
Amplification fluorographic reagent (#NAMP100) was from
Amersham Life Sciences Co. Others reagents were from
Sigma Co., USA.
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Construction of “bait” plasmid and expression of HBV
complete S protein
HBV-complete S sequences were generated by PCR
amplification using the plasmid G376 A7 (GenBank number:
AF384371[8,10-13]) as template. The sequences of the primers
containing the EcoRI and BamHI restriction enzyme sites
were: sense primer (EcoRI): 5’-GAA TTC ATG CAG TTA
ATC ATT ACT TCC-3’; antisense primer (BamHI): 5’-GGA
TCC TCA AAT GTA TAC CCA AAG AC-3’. The PCR
conditions were at 94 for 60 s, at 55 for 60 s, at 72
for 90 s. Ten nanograms of PCR product was cloned with
pGEM-T vector. The primary structure of insert was
confirmed by direct sequencing. The fragment of encoding
complete S was released from the pGEM-T- complete S by
digestion with EcoRI and BamHI, and ligated to pGBKT7.
Vector pGBKT7 expressing proteins were fused with amino
acids 1-147 of the GAL4 DNA binding domain (DNABD), pGADT7 expressing proteins were fused with amino
acids 768-881 of the GAL4 activation domain (AD). Plasmid
pGBKT7-complete S (Figure 1) containing full-length HBV
complete S gene could express DNA binding domain, c-myc
and complete S fusion protein. The plasmid was transformed
into yeast strain AH109 by lithium acetate method[14]. Western
blotting was performed to confirm the expression of the fusion
protein using anti-c-myc monoclonal antibody. Transformed
AH109 (bait) was cultured on quadruple dropout media to
exclude the auto-activation activity.

f1 ori

ADH1 promoter
DNA-BD

TRP1 gene

c-Myc

TRP1 promotor

Eco RI (1 300)
HBVcomplete S

pGBKT7-complete S
7 786 bp

BamHI (1 798)
Zu

ADH1 terminator
Kan

pUC ori

Figure 1 Structure of “bait” plasmid pGBKT7-complete S.

Yeast-two hybrid library screening using yeast mating
One large (2-3 mm), fresh (<2 mo old) colony of AH109
[bait] was inoculated into 50 mL of SD/-Trp and incubated
overnight (16-24 h) and shaken at 250-270 r/min.
at 30
Then the cells were spanned down by centrifuging the entire
50 mL culture at 1 000 r/min for 5 min. After the supernatant
was decanted, the cell pellet was resuspended in the residual
liquid by vortexing. A human liver cDNA library cloned into
pACT2 and yeast reporter strain Y187 (Clontech Co., USA)
were co-cultured. The entire AH109 [bait] culture and the 1 mL
human liver cDNA library (1×106 cfu/mL) were combined and
cultured in a 2-L sterile flask and 45 mL of 2X YPDA/Kan
was added and swirled gently. After 20 h of mating, the cells
were spanned down and resuspended, and then spread on 50
large (150 mm) plates containing 100 mL of SD/-Ade/-His/-
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Leu/-Trp (QDO). After 6-15 d of growth, the yeast colonies
were transferred onto the plates containing X-α-gal to check
for expression of the MEL1 reporter gene (blue colonies).
Plasmid isolation from yeast and transformation of E. coli with
yeast plasmid
Approximately 1×106 colonies were screened and positive
clones were identified. Yeast plasmid was isolated from
positive yeast colonies with lyticase method (Clontech Co.,
USA), and transformed into super-competence E.coli DH5α
using chemical method. Transformants were plated on
ampicillin SOB selection media and grown under selection.
Subsequently, pACT2-cDNA constructs were re-isolated,
analyzed by restriction digestion and sequencing.
Bioinformatic analysis
After the positive colonies were sequenced, the sequences
were blasted with GenBank to analyze the function of the
genes (http://www.ncbi.nlm.nih.gov.blast).
Cell culture and new gene cloning
Hepatoblastoma cell line HepG2 was propagated in DMEM
supplemented with 10% FBS, 200 µmol/L L-glutamine,
penicillin, and streptomycin. HepG2 cells were plated at a
density of 1×106/well in 35-mm dishes. Total cellular RNA
was isolated using TRIzol (Invitrogen Co., USA) according
to the manufacturer’s instructions. cDNAs were reversetranscribed from total RNA.
On the basis of liver cDNA library of genes of proteins
interacting with HBV-complete S protein, the coding sequence
of a new gene without known function, HBV CSBP1, was
obtained by bioinformatics methods. The standard PCR
cloning technique was used to amplify HBV CSBP1 gene.
Total cell RNA was isolated from HepG2 cells. RNA was
used for RT-PCR amplification. The PCR conditions were:
94
for 60 s, 58
for 60 s, and 72
for 60 s, for 35
cycles. The PCR product was cloned with pGEM-T vector
(Promega Co., USA). The primary structure of insert was
confirmed by direct sequencing. The gene fragment was
cloned into yeast plasmids pGBKT7 and pGADT7.
Confirmation of the true interaction in yeast
To confirm the true protein-protein interaction and exclude
false positives, the plasmids of positive colonies were transformed into yeast strain Y187, and then mating experiments
were carried out by mating with yeast strain AH109 containing
pGBKT7-complete S or pGBKT7-Lam. After mating, the
diploids yeast was plated on SD/-Ade-His-Leu-Trp (QDO)
covered with X-α-gal to test the specificity of interactions.
In vitro translation
Twenty-five microliter mixture of TNTreticulocytes, 2 µL
TNT reaction buffer, 1 µL T7 TNT RNA polymerase,
1 µL amino acids mixture (minus methionine, 1 mol/L),
1 µL [ 35S]-methionine 2 µL, RNasin RNase inhibitor
(40 u/mL), 2 µL DNA template (pGBKT7-complete S or
pGADT7-library gene) (0.5 µg/mL), 16 µL ddH2O, were
incubated at 30
for 90 min.
Coimmunoprecipitation
The following reactants were combined in a 1.5 mL microce-
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ntrifugation tube on ice: 5 µL in vitro-translated bait protein,
5 µL in vitro-translated library protein. The only control
added was 10 µL pGBKT7-complete S plasmid. The
mixtures were incubated at 30 for 1 h. Then, the following
reagents were added into the reaction tubes: 470 µL
coimmunoprecipitation buffer (20 mol/L Tris-HCl (pH
7.5), 150 mol/L NaCl, 1 mol/L DTT, 5 µg/mL aprotinin,
0.5 mol/L PMSF, 0.1 % Tween 20, 10 µL protein-G agarose
beads, 10 µL anti-c-myc monoclonal antibody. Incubation
was done at 4 for 2 h with continuous shaking. The tubes
were centrifuged at 14 000 g for 1-2 min. The supernatants
were removed. Half a milliliter of TBST was added into
the tubes. Rinse steps were repeated thrice. Fifteen microliters
of SDS-loading buffer was added. The samples were heated
at 80
for 5 min. The tubes were placed on ice and then
briefly centrifuged, and 10 µL was loaded onto a SDSPAGE mini-gel to begin the electrophoretic separation. After
electrophoresis, the gel was transferred onto a tray containing
gel fixation solution, and placed on a rotary shaker for 10 min
at room temperature. The gel was rinsed with H2O, then
amplification fluorographic reagent was added and shaken
under
for 20 min at room temperature, then dried at 80
constant vacuum. The gel was exposed to an X-ray film
overnight at room temperature. The film was developed by
standard techniques.

RESUL
TS
RESULTS
Identification of recombinant plasmid
The full length sequences of HBV complete S were generated
by PCR amplification of the plasmid G376 A7 (GenBank
number: AF384371)[1,10-13], and a 942-bp fragment of HBV
CSBP1 was amplified by RT-PCR after total RNA was
prepared from HepG2 cells, sequenced and analyzed by
comparing Vector NTI 6 and BLAST database homology
search (http://www.ncbi.nlm.nih.gov/blast). After being cut
by EcoRI/BamHI, the fragments were in-frame ligated,
respectively into pGBKT7 and pGADT7 at the EcoRI/BamHI
sites. Restriction enzyme analysis of pGBKT7-complete S,
pGBKT7-CSBP1 and pGADT7-CSBP1 plasmids with
EcoRI/BamHI yielded respectively two bands: 7 300 bp
empty pGBKT7 and 1 338 bp HBV complete S, 7 300 bp
empty pGBKT7 and 942 bp of HBV CSBP1, 7 900 bp
empty pGADT7 and 942 bp HBV CSBP1. The products
of plasmid were amplified by PCR. Analysis of the PCR
amplified products by agarose gel electrophoresis showed
the clear bands with the expected size (1 338 bp of complete
S, 942 bp of CSBP1). Sequences of the PCR products
were correct (Figures 2A-D).
Expression of “bait” fusion protein
Yeast strain AH109 transformed with pGBKT7-complete
S and pGBKT7-CSBP1 could stably express the fusion protein
at high level (Figure 3) and could only grow on SD/-Trp
medium but not on QDO medium. Thus, the transformed
yeast could be used for yeast hybrid analysis.
Screening of liver cell cDNA library
We isolated plasmids from the blue colonies containing only
pGBKT7-complete S and one library plasmid other than
other plasmids. Because plasmid pACT2-cDNA contains
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7 500 bp
1 000 bp

1 000 bp
1 000

Figure 2 One thousand three hundred and thirty eight basepair fragmentcomplete S amplified by RT-PCR (A), pGBKT7-complete S cut by EcoRI/

A

BamHI (B), a 945 bp fragment-CSBP1 amplified by RT-PCR (C), pGBKT7CSBP1 and pGADT7-CSBP1 cut by EcoRI/BamHI (D).

B

CSBP1
Complete S
line 1

line 2

line 2

line 3

Figure 3 Expression of HBV complete S and HBV CSBP1 protein in yeast
confirmed by Western blotting. Lane 1: HBV complete S protein; lane 2: positive
control; lane 3: HBV CSBP1 protein.

Figure 5 Interaction between HBV complete S protein and CSBP1 protein
identified by coimmunoprecipitation. Lane 1: HBV complete S protein; lane 2:
interaction with two proteins.

Table 1 Comparison between positive clones and similar sequences
in GenBank
bp
2 000
750

Figure 4 Identification of different colonies with BglII digestion.

two restriction endonuclease sites of BglII on both sides of
multiple cloning sites, the gene fragments of the liver cell
cDNA library (pACT2-cDNA) screened were released by
BglII digestion (Figure 4). The gene fragments of different
lengths in Figure 5 proved that these screened clones were
positive colonies growing on SD/-Trp/-Leu/-His/-Ade
culture medium after mating.
Analysis of cDNA sequencing and homology
We obtained a total of 19 positive colonies growing on the
selective SD/-trp-leu-his-ade/X-α-gal medium. These
colonies were prescreened by BglII digestion to make sure
that only colonies with different inserts were subjected to
sequencing. Nineteen colonies from cDNA library were
sequenced. Using the BLAST program at the National Center
for Biotechnology Information, 17 sequences had a high
similarity to known genes. The data are presented in Table 1.

High similarity to known genes
Homo sapiens calreticulin
Homo sapiens solute carrier family 25,
member 23 (SLC25A23)
Human serum albumin (ALB) gene
Homo sapiens metallothionein 2A
Homo sapiens betaine-homocysteine
methyltransferase, mRNA
Homo sapiens diazepam binding inhibitor
Homo sapiens Na+ and H+ coupled amino
acid transport system N
Homo sapiens CD81 antigen (CD81)

Number of
similar (%)

Homology (%)

1

99

5
1
1

99
100
98

2
3

98
96

3
1

100
100

In vitro coimmunoprecipitation
HBV complete S protein containing 447 aa, was smaller
than CSBP1 containing 280 aa (Figure 5).

DISCUSSION
The open reading frame of HBV complete S gene consists
of four coding regions: pre-pre-S, pre-S1, pre-S2 and S, each
starting with an ATG codon in frame. Through in frame
translational initiation at each of the four ATG codons,
complete S (pre-pre-S+pre-S1+pre-S2+S), large (LHBs; preS1+pre-S2+S), middle (MHBs; pre-S2+S) and small (SHBs; S)
envelope glycoproteins can be synthesized[12,13,15-17]. Interactions
between viral and hepatocellular proteins play an important
role in the pathogenesis of the virus and may mediate virus
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to enter into hepatocytes. Their network interactions can
change normal biological functions of proteins, influence
self-replication of virus, and result in diseases. Yeast-two
hybrid system 3 is an effective gene analysis method to analyze
the interactions between protein and protein, protein and
DNA, protein and RNA in eukaryotic cells and a new
genetics technique for studying interactions of proteins in
physiologic conditions in vivo.
Yeast-two hybrid system 3 is based on the system originally
designed by Fields and Song by taking advantage of the
properties of the GAL4 protein of the yeast Saccharomyces
cerevisiae. GAL4-yeast-two hybrid assay uses two expression
vectors, one uses GAL4-DNA-binding domain (DBD) and
the other uses GAL4-actibationg domain (AD). The GAL4DBD fused to protein ‘X’ and a GAL4-AD fused to protein
‘Y’ to form the bait and the target of the interaction trap,
respectively. A selection of host cells with different reporter
genes and different growth selection markers provides a
means to detect and confirm protein-protein interactions
and has significantly fewer false positives[18-21].
In this study, the “bait” plasmid pGBKT7-complete S
was transformed into yeast strain AH109. HBV complete
S gene was expressed in yeast cells. After the “bait” plasmid
pGBKT7-complete S yeast strain AH109s mated with liver
cDNA library yeast strain Y187, the diploid yeast cells were
plated on QDO media containing X-α-gal, 19 true positives
were obtained. By sequencing analysis of isolated library
plasmids, we got the sequences of the 17 genes with known
functions and two genes with unknown functions, one of
them was named as complete S-binding protein 1 (CSBP1). In
order to further confirm the interaction between the expressed
protein and HBV complete S protein, we performed the
experiment of coimmunoprecipitation of both proteins. A
strong interaction between HBV complete S protein and
CSBP1 protein in vitro was observed.
We screened Homo sapiens metallothionein 2A (MT)
interacting with complete S protein from liver cDNA library.
Metallothionein is a low-molecular weight protein with
pleiotropic functions and a family member of metal binding
proteins. MT is localized in nuclei and/or cytoplasm of tumor
cells[22]. It may be involved in the regulation of carcinogenesis
and apoptosis in addition to various physiological processes.
Metallothionein is a small stress response protein that can
be induced by exposure to heavy metal cations, oxidative
stressors, and acute phase cytokines that mediate inflammation[23]. In humans, there are four groups of MT proteins. MT2A is highly expressed in epithelial cells of breast cancer, and
differentially up-regulated in invasive breast cancer cells[24].
Jin et al.[25], reported that 26-100% of invasive ductal breast
cancers express the MT protein, and are associated with
cell proliferation and higher histological grade in invasive
ductal breast cancer tissues. Rao et al.[26], thought that the
mechanism may be completed through interaction between
protein kinase C (PKC) signal transduction and MT 2A.
Therefore this protein plays an important role in maintaining
transition metal ion homoeostasis, redox balance in cells
and fundamental cellular processes such as proliferation,
apoptosis, and regulation of carcinogenesis[27,28]. MT 2A is
also involved in human prostate homeostasis and carcinogenesis[29]. MT-2A is expressed in retinal pigment epithelial
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(RPE) cells, photoreceptor cells, inner nuclear layer cells
and ganglion cells, and can protect cells against oxidative
stress and apoptosis[30].
Another important protein interacting with complete S
protein from liver cDNA library is Homo sapiens calreticulin.
Yoon et al.[31], have analyzed nuclear matrix proteins in 11
hepatocellular carcinomas and compared them with
corresponding non-neoplastic liver tissue by two-dimensional
gel electrophoresis. Calreticulin is also found in the nuclear
matrices of various carcinoma cell lines. The formation
and/or expansion of calreticulin-nuclear matrix may be
related to the activated cell growth. Le Naour et al.[32], showed
that autoantibodies of calreticulin are detectable in patients
with HCC (27%), suggesting that a distinct repertoire of
autoantibodies is associated with HCC. Therefore it may
play a role in early diagnosis of HCC.
HBV complete S protein also interacts with Homo sapiens
CD81 antigen (CD81). The protein encoded by this gene is
a member of the transmembrane four superfamily, also
known as the tetraspanin family[33]. Most of these members
are cell-surface proteins characterized by the presence of
four hydrophobic domains. CD81, a signal transducing molecule,
significantly increases in peripheral blood and more dramatic
in the liver of HCV-infected individuals[34]. Recently, CD81
has been identified as a hepatitis C virus (HCV) receptor
of B lymphocytes, the large extracellular loop of CD81 is a
determinant combination position for viral entry[35-39]. These
data suggest a functional role for CD81 as a coreceptor for
HCV glycoprotein-dependent viral cell entry, providing a
mechanism by which B cells are infected with and activated
by the virus. It has recently been shown that peripheral Bcell CD81 overexpression is associated with HCV viral load
and development of HCV-related autoimmunity. The human
CD81 (hCD81) molecule has been identified as a putative
receptor in B lymphocytes for hepatitis C virus with murine
fibroblast cell line NIH/3T3 model. CD81 chimeras could
internalize recombinant E2 protein and E2-enveloped viral
particles from serum of HCV-infected patients into Huh7
liver cells. The latter result in persistent positive-strand viral
RNA and accumulation of replication, therefore CD81
represents one of the pathways by which HCV can infect
hepatocytes. Although CD81 can bind to HCV E2 protein,
its role as a receptor for HBV remains controversial. These
questions need further study. Whether CD81 could be used
as the receptor or co-receptor for hepatocytes, should be
studied intensively. CD81 proteins mediate signal
transduction events that play a role in the regulation of cell
development, activation, growth and motility. This protein
appears to promote muscle cell fusion and support myotube
maintenance. Also it may be involved in signal transduction.
This gene is localized in the tumor-suppressor gene region,
thus it is a candidate gene for malignancies.
These interacting proteins screened by yeast-two hybrid
are closely correlated with carbohydrate metabolism,
immunoregulation, occurrence and development of tumor,
and may provide a new study clue for revealing biological
functions of HBV complete S protein, pathogenesis of HBV
and causes of malignancy conversion. How the interactions
between HBV complete S protein and the above-mentioned
interacting proteins affect the occurrence and development
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of chronic hepatitis B, hepatic fibrosis and hepatocarcinoma,
needs to be further studied.
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Abstract
AIM: To assess the prevalence of the two mutations, C282Y
and H63D of HFE gene, in healthy subjects, patients with
chronic hepatitis C (CHC), and patients with nonalcoholic
fatty liver disease (NAFLD) in Taiwan and to explore the
contribution of the HFE mutation on serum iron stores in
CHC and NAFLD groups.
METHODS: We examined C282Y and H63D mutations of
HFE gene in 125 healthy subjects, 29 patients with CHC,
and 33 patients with NAFLD. The serum iron markers,
including ferritin, iron, and total iron binding capacity (TIBC),
were assessed in all patients.
RESULTS: All of the healthy subjects and patients were
free from C282Y mutation. The prevalence of H63D heterozygosity was 4/125 (3.20%) in healthy subjects, 2/29
(6.90%) in CHC group, and 1/33 (3.03%) in NAFLD group.
The healthy subjects showed no significant difference in
the prevalence of H63D mutation as compared with the
CHC or NAFLD group. Increased serum iron store was found
in 34.48% of CHC patients and 36.36% of NAFLD patients.
In three patients of H63D heterozygosity, only one CHC
patient had increased serum iron store. There was no
significant difference in the prevalence of HFE mutations
between patients with increased serum iron store and
those without in CHC or NAFLD group.
CONCLUSION: The HFE mutations may not contribute to
iron accumulation in the CHC or NAFLD group even when
serum iron overload is observed in more than one-third
of these patients in Taiwan.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hereditary hemochromatosis is one of the most common
inherited diseases among Caucasians. It occurs with a
frequency of 1:200 to 1:400 and a carrier rate approaching
1:10 [1,2]. Hereditary hemochromatosis is an autosomal
recessive condition in which excessive iron is absorbed by
the intestine. Iron accumulation in many organs causes the
clinical manifestations including heart failure, diabetes, and
liver cirrhosis. Early diagnosis has been difficult because
the tests based on measurement of serum transferrin saturation
and serum ferritin concentration not only gave many false
positive results but do not always identify patients in the
early stage of iron accumulation[3]. The excessive iron can
be removed by venesection[4]. Although venesection is a
simple, effective and safe therapy, much of the organ damage
is irreversible when hereditary hemochromatosis is diagnosed.
Because the major clinical presentations are often non-specific,
appropriate screening tests are important.
The gene responsible for hereditary hemochromatosis
was identified and designated as HFE in 1996[5]. The two
recognized recessively-inherited missense mutations of the
HFE gene result in amino acid substitutions at position 282
(cysteine to tyrosine, C282Y) and at position 63 (histidine to
aspartic acid, H63D). A total of 64-100% patients of Western
population with hereditary hemochromatosis were C282Y
homozygotes[6-10]. In individuals of the northern European
descent, the frequency of C282Y homozygote was about
0.5%[1]. The allele frequencies for C282Y mutation and
H63D mutation were 5-10% and 6-30%, respectively[1,2,11].
In Taiwan, a very low frequency of C282Y mutation in the
general population (0.33% of carrier rate) was reported[12].
The C282 heterozygote may have higher serum and hepatic
iron levels than controls, but levels are only mildly elevated[13].
The clinical significance of the H63D mutation still remains
undetermined. It seems to be associated with hereditary
hemochromatosis only when inherited together with the
C282Y mutation (compound C282Y/H63D heterozygote).
Mild to moderate hepatic iron overload is common in
patients with chronic hepatitis C (CHC)[14-16] and in patients
with nonalcoholic fatty liver disease (NAFLD)[17,18]. Ironinduced oxidative stress may play an important role in the
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exacerbation of liver cell injury[19,20]. The HFE mutation
may also be associated with elevated markers of iron store
in the two disorders. This study was performed to assess
the prevalence of the two mutations, C282Y and H63D
of HFE gene, in healthy subjects, patients with CHC, and
patients with NAFLD in Taiwan. We also checked the serum
iron markers and explored the contribution of the HFE
mutation on serum iron stores in patients with CHC and
patients with NAFLD.

MA
TERIALS AND METHODS
MATERIALS
Healthy subjects and patients
C282Y and H63D mutations of HFE gene were analyzed
in 125 healthy subjects, 29 patients with CHC, and 33 patients
with NAFLD. Local healthy subjects with normal liver
function test, no history of liver disease, other severe chronic
disease, heavy drinking (ethanol consumption >20 g/d),
anemia or iron overload were collected from the health
checkup at our hospital in 2003. The patients with CHC or
NAFLD were collected at our out-patient department from
2002 to 2003. CHC was diagnosed by biochemical liver
damage for more than 6 mo and positivity of serum antibody
to hepatitis C virus (HCV). Patients with secondary causes
of iron overload were excluded, including heavy drinking,
ribavirin therapy, and multiple transfusions. Co-infection
with HBV was also excluded. The diagnosis of NAFLD
was made on the basis of the presence of elevated serum
AST or ALT and fatty change of liver by sonography. No
subject consumed alcohol more than 20 g/d. They were
negative for hepatitis B surface antigen and HCV antibody.
Their serum levels of ceruloplasmin were within normal
range. Serological tests for autoimmune hepatitis (anti-nuclear
antibody, anti-smooth muscle antibody) and for primary
biliary cirrhosis (anti-mitochondrial antibody) were negative.
Serological evaluation
The serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) were determined using an Olympus
5000 analyzer. The upper limit of normal for ALT is 34 U/L.
HCV antibody was tested by a commercially available ELISA
(AxSYM, Abbott Diagnostic Corporation, USA). Total iron
status of each patient was evaluated using biochemical tests.
Serum iron (normal range, 60-160 µg/dL) was measured
by the colorimetry and ferritin (normal range: 18-274 ng/mL
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in men and 6-283 ng/mL in women) was measured by a
commercially available ELISA (AxSYM, Abbott Diagnostic
Corporation). Transferrin saturation was calculated as (the
serum iron divided by the total iron binding capacity (TIBC))
×100%. The increased serum iron store was defined by
transferrin saturation >50% and/or ferritin >upper normal
limit.
Mutational analysis of HFE gene
We used the method of polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) to analyze the
HFE mutations. Genomic DNA was isolated from whole
peripheral blood using the High Pure Viral Nuclear Kit
(Roche Diagnosis Corporation, USA). The DNA fragments
of HFE gene were amplified by PCR using the following
primers [5]: 5’-TGGCAAGGGTAAACAGATCC and 5’CTCAGGCACTCCTCTCAACC for C282Y; and 5’ACATGGTTAAGGCCTGTTGC and 5’-GCCACATCTGGCTTGAAATT for H63D. Restriction fragment length
analysis was then performed by digesting the PCR products
with RsaI for C282Y and BclI for H63D[21].
Statistical analysis
Data are summarized as mean±SD. Categorical variables
were compared with the χ2 test or Fisher’s exact test as
required. Comparison between groups was performed using
the unpaired t-test as appropriate.

RESUL
TS
RESULTS
The demographic and laboratory data of subjects are
summarized in Table 1. CHC patients were older than
healthy subjects (60.83±8.55 years vs 44.62±11.19 years,
P<0.01) and NAFLD patients were not (49.48±14.58 years
vs 44.62±11.19 years, P = 0.082). There was no significant
difference in the male to female ratio between healthy
subjects (44/81) and CHC (12/17) or NAFLD (16/17)
group.
All of the healthy subjects and patients were free from
C282Y mutation. Four healthy subjects (one man and three
women) were heterozygotes of H63D, two CHC patients
(one man and one woman) and one NAFLD patient (woman)
were heterozygotes of H63D. The prevalence of H63D
mutation was 4/125 (3.20%) in healthy subjects, 2/29
(6.90%) in CHC group, and 1/33 (3.03%) in NAFLD

Table 1 Demographic and laboratory data of healthy subjects, CHC and NAFLD (mean±SD)
Reference range

P

NAFLD

P

60.83±8.55

<0.01

49.48±14.58

0.082

0.533

16:17
74.68±42.09

0.162

10-34

12:17
97.17± 52.62

ALT (IU/L)
Iron (µg/dL)

7-33
60-160

114.28±61.87
146.39±48.19

108.52±65.07
108.73±31.06

TIBC (µg/dL)
Transferrin saturation (%)

250-410
20-50

377.93±41.10
39.01±13.20

361.57±42.73
30.53±9.80

Male: 18-294
Female: 6-283

225.95±178.24

331.20±283.82

10/29 (34.48)

12/33 (36.36)

Age (yr)
Sex (male:female)
AST (IU/L)

Ferritin (ng/mL)
Increased serum iron store (%)

Healthy subjects
44.62±11.19
44:81

Chronic hepatitis C

CHC, chronic hepatitis C; NAFLD, nonalcoholic fatty liver disease. P value: comparing data obtained from healthy subjects with chronic hepatitis C or NAFLD. The
increased serum iron store was defined by transferrin saturation >50% and/or ferritin >upper normal limit.
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group. The healthy subjects showed no significant difference
in the prevalence of H63D mutation as compared with the
CHC or NAFLD group (Table 2).

Table 2 Statistical analysis of H63D mutation between healthy
subjects and CHC, and healthy subjects and NAFLD
Male

Female

Total

Healthy subjects:CHC

1/44:1/12

3/81:1/17

4/125:2/29

P
Healthy subjects:NAFLD

0.386
1/44:0/16

0.539
3/81:1/17

0.315
4/125:1/33

0.999

0.539

0.999

P

CHC, chronic hepatitis C; NAFLD, nonalcoholic fatty liver disease.

Ten CHC patients (4 men and 6 women) and 12 NAFLD
patients (8 men and 4 women) had increased serum iron
stores. The percentage was 34.48% and 36.36% in CHC
and NAFLD patients, respectively. There was no genderrelated difference in the frequency of increased serum iron
stores in either the CHC or NAFLD group (Table 3). In
the three patients of H63D heterozygosity, only one CHC
patient had increased serum iron store. There was no significant
difference in the prevalence of HFE mutations between
patients with increased serum iron store and those without
in the CHC or NAFLD group (Table 4).

Table 3 Statistical analysis of increased serum iron stores between male and female patients with CHC or NAFLD

Male:female
P

CHC

NAFLD

4/12:6/17

8/16:4/17

0.913

0.114

CHC, chronic hepatitis C; NAFLD, nonalcoholic fatty liver disease.

Table 4 Statistical analysis of HFE mutation between patients with
increased serum iron store and those without in CHC or NAFLD
group
Increased serum iron store
With:without
P

CHC

NAFLD

1/10:1/19

0/12:1/21

0.999

0.999

CHC, chronic hepatitis C; NAFLD, nonalcoholic fatty liver disease.

DISCUSSION
A population study of global prevalence in HFE mutation
showed that there were nine H63D heterozygotes in one
Asian population of 242 cases and no other HFE genotypes
were found[1]. The H63D allele frequency was 1.9% (9/484).
Similar results were reported in a Japanese population[22].
All of the 151 healthy volunteers were free from C282Y
mutation and only 8 subjects were H63D heterozygotes.
The prevalence of chromosomes with H63D was 2.6%
(8/302). We firstly found no C282Y mutation and an incidence
of 1.6% (4/250) for H63D allele in 125 healthy subjects in
Taiwan. The results were similar to that in other Asian area.
No mutations of C282Y were found probably because of
the limited number of subjects studied. The very low frequency

of HFE mutation in the Asians, especially C282Y, reflects
the ethnic differences in the prevalence of hereditary hemochromatosis from Caucasians.
Similar prevalence of HFE mutations was found
between controls and patients with CHC[22-25]. Our findings
were in lines with these studies. However, the equal distribution
of HFE mutations does not allow the conclusion that HFE
mutations play no or only a minor role in patients with CHC.
It should depend on the contribution of HFE mutations on
the iron stores. Either the prevalence of C282Y mutation[18,26]
or combined C282Y and H63D mutations[27] was increased
in nonalcoholic steatohepatitis (NASH) population. Because
there was no pathological diagnosis of steatohepatitis in our
patients, the patient group in our study is called NAFLD,
instead of NASH. Our study showed no significant difference
in the frequency of HFE mutations between healthy subjects
and NAFLD patients. In another study of NAFLD, the
prevalence of the two HFE mutations also was not significantly
increased in NAFLD patients and matched those of the
general population. These findings gave us a hint that HFE
mutation may play a role in the progression of NAFLD.
Elevations in serum iron, ferritin, and transferrin saturation
are common in patients with CHC or NASH, as are mild
increases in hepatic iron concentration. In CHC, 40-46%
of patients had elevated serum iron, ferritin, or transferrin
saturation level[14,15], and 10-36% of patients had increased
hepatic iron concentration[15,16]. In NASH, 58% of patients
had elevated serum iron indices and in some cases increased
hepatic iron stores[18]. In our study, we found that 34.48%
and 36.36% of patients had increased serum iron stores in
CHC and NAFLD group, respectively. Normal or only
mildly increased amounts of iron in the liver can be damaging
because iron increases oxidative stress[19,20]. It appears that
iron overload may play a role in pathogenesis of some
chronic liver diseases, especially when iron is combined with
other hepatotoxic factors such as virus, free fatty acid, and
alcohol[17]. In addition to the effect of production of oxidative
stress, the iron may enhance the rates of viral replication
and mutation as well as cause impairment of the host
immunity [20]. However, the iron can be released from
damaged hepatocytes in inflammatory conditions, and it has
not been clear whether the iron accumulation is the cause
or result of liver injury.
Our data demonstrated no significant difference in the
prevalence of HFE mutations between the subgroup of
HCV or NAFLD patients with increased serum iron store
and the subgroup without. The findings suggested that HFE
mutations played no or only a minor role in contribution to
serum iron overload in patients with CHC or NAFLD in
Taiwan. In addition to the reason of low prevalence of HFE
mutations in Taiwan, the fact that only H63D heterozygote
was found in our study may explain the results. The H63D
heterozygosity usually does not lead to iron overload. Only
in conjunction with the heterozygous C282Y mutation
(compound C282Y/H63D heterozygote) has the H63D
mutation been associated with an increased risk of iron
overload[5].
There were many reports suggesting that the C282Y
mutation plays a role in the hepatic iron accumulation and
favors the progression of CHC[23-25]. However, the relationship
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between HFE mutations, iron stores, and NASH still
remains as a controversial area. Previous studies have found
conflicting results. George et al.[18], found that the C282Y
mutation was responsible for most of the mild iron overload
in NASH and had a significant association with hepatic
damage in these patients. Bonkovsky et al.[27], also found
that C282Y heterozygotes were more likely to have advanced
fibrosis. These authors did not adjust for potential
confounders such as age, body mass index, and diabetes.
After adjustment for these confounders, Chitturi et al.[26],
reported in NASH and Bugianesi et al., reported in NAFLD
patients that iron burden and HFE mutations did not
contribute significantly to hepatic fibrosis. Therefore, we
believe that continued exploration of the link between
hepatic iron, HFE mutation, and NAFLD patients is
warranted.
In conclusion, HFE mutations are infrequent in Taiwan.
The prevalence of HFE mutations associated with hereditary
hemochromatosis is not increased in the patients with CHC
or NAFLD. The HFE mutations may not contribute to
iron accumulation in the CHC or NAFLD group even when
serum iron overload is observed in more than one-third of
these patients in Taiwan.
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Abstract
AIM: To assess the sensitivity and specificity of polymerase
chain reaction (PCR) in detecting Helicobacter pylori (H pylori)
infection in patients with bleeding peptic ulcers, and to
compare its diagnostic efficacy with other invasive and
non-invasive tests.
METHODS: From April to September 2002, H pylori
status in 60 patients who consecutively presented with
gastroduodenal ulcer bleeding was examined by rapid
urease tests (RUT), histology, culture, PCR, serology and
urea breath tests (UBT).
RESULTS: The sensitivity of PCR was significantly higher
than that of RUT, histology and culture (91% vs 66%,
43% and 37%, respectively; P = 0.01, <0.001, <0.001,
respectively), but similar to that of serology (94%) and
UBT (94%). Additionally, PCR exhibited a greater specificity
than serology (100% vs 65%, P<0.01). However, the
specificity of PCR did not differ from that of other tests.
Further analysis revealed significant differences in the
sensitivities of RUT, culture, histology and PCR between
the patients with and those without blood in the stomach
(P<0.01, P = 0.09, P<0.05, and P<0.05, respectively).

CONCLUSION: PCR is the most accurate method among
the biopsy-based tests to detect H pylori infection in
patients with bleeding peptic ulcers. Blood may reduce
the sensitivities of all biopsy-based tests.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Bleeding is a common and serious complication of peptic ulcer
diseases. It is estimated that peptic ulcer bleeding accounts
for approximately 150 000 hospitalizations per year in the
USA[1,2]. The prevalence of Helicobacter pylori (H pylori) in
bleeding peptic ulcers has not been definitely determined,
but it is estimated to be 70%[3-5]. The accurate diagnosis of
H pylori infection is crucial in the short-term and long-term
management of patients with bleeding peptic ulcers[6]. If a
patient with a bleeding ulcer requires surgical intervention,
knowledge of his or her H pylori status may guide the
selection of procedures for the patient (i.e., a simple closure
vs full-blown ulcer surgery) [6]. Patients whose bleeding
episodes cease in the short term, one-third of those who
do not receive maintenance therapy, surgery or anti-H pylori
therapy will experience recurrent bleeding within the next
1-2 years[7]. However, numerous studies have demonstrated
that eradicating H pylori can drastically reduce the incidence
of rebleeding in patients with bleeding peptic ulcers,
preventing the need for long-term antisecretory therapy or
surgical intervention[8-10]. Therefore, the H pylori status in a
patient with bleeding peptic ulcers must be documented.
Currently, H pylori infection can be diagnosed by invasive
assays, i.e., those requiring esophagogastroduodenoscopy
(EGD), or by non-invasive assays in which EGD is not
necessary. Invasive diagnostic tests include culture, histology,
rapid urease test (RUT) and polymerase chain reaction
(PCR). Non-invasive tests comprise serology, stool antigen
test and urea breath test (UBT). The choice of a diagnostic
test should depend on the clinical circumstances, sensitivity
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and specificity of the tests, and the cost effectiveness of
the testing strategy. Because of its simplicity, accuracy and
rapid determination of H pylori status, RUT is generally
considered to be the initial endoscopic test of choice for
uncomplicated peptic ulcers[11]. However, many studies have
demonstrated that RUT lacks sensitivity in H pylori diagnosis
when peptic ulcer diseases are presented with bleeding[5,12].
Moreover, a recent study by Colin et al.[13], indicated that all
direct tests on H pylori including RUT, culture and histology
reduced the sensitivity in the setting of ulcer bleeding. The
sensitivities of aforementioned three tests were 31%, 25%
and 26%, respectively.
PCR can diagnose H pylori infection under non-bleeding
conditions much more accurately than histology or
culture[14,15]. The level of sensitivity of this test is extremely
high and has a threshold of 10 to 100 H pylori strains per
specimen[14-16]. An accurate diagnosis of H pylori at the time
of bleeding episode is essential, but few studies have
addressed the application of PCR to bleeding ulcers. We
performed this prospective study to evaluate the sensitivity,
specificity and accuracy of PCR assay for detecting H pylori
infection in patients with bleeding peptic ulcers and to
compare its diagnostic efficacy with that of other invasive
and non-invasive tests.

MA
TERIALS AND METHODS
MATERIALS
Patients
From April to September 2002, 60 consecutive patients
with hematemesis, melena, or both due to gastroduodenal
ulcer bleeding, who underwent an EGD, were enrolled in
this study. Exclusion criteria included: age <15 or >80 years;
history of coagulopathy or other disorders contraindicated
for EGD or biopsy sampling; previous history of antiH pylori therapy. Data regarding age, sex, medical history,
drug history, presenting symptoms, gastroduodenal lesions
and presence or absence of blood in the stomach were
recorded. Written informed consent was obtained from each
subject. This study was approved by the Human Medical
Research Committee of the Kaohsiung Veterans General
Hospital, Kaohsiung, Taiwan.
Endoscopy and biopsy sampling
During endoscopy, gastric biopsy specimens were taken
from the lesser curvature of the antrum and corpus for
RUT (one antrum biopsy specimen), histology (one antrum
and one corpus biopsy specimen), culture (one antrum
biopsy specimen) and PCR (one antrum biopsy specimen).
Endoscopes were cleaned by a mechanical wash and then
washed in an Olympus washing machine. They were then
air-dried and cleaned with 70% ethanol.
RUT
RUT was performed according to our previous study[17,18].
A biopsy specimen from antrum was immediately placed
in 1 mL of a 10% solution of urea in deionized water (pH
6.8) to which two drops of 1% phenol red solution was
added and incubated at 37 for up to 24 h. If the yellowish
color around the area of inserted specimen changed to bright
pink within the 24-h limit, the urease test was considered
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positive. In our laboratory, the sensitivity and specificity of
RUT were 96% and 91%, respectively[17].
Histological examination
Biopsy specimens were fixed in 10% buffered formalin,
embedded in paraffin, and sectioned. One 4-µm-thick
section was cut and stained with hematoxylin-eosin to
observe the presence of curved rod shaped bacteria on
the mucosal surface[19,20]. The specimens were interpreted
by a histopathologist (H-H Tseng) blinded to the patient
status and the results of other laboratory tests.
Culture
The specimen for culture was transferred with brain heart
infusion on ice for microbiological examination and
inoculated onto the CDC anaerobic blood agar (Becton
Dickinson Microbiology System, Cockeysville, MD)
according to our previous studies [21,22] . The agar was
for two days in a micro-aerophilic gas
incubated at 35
mixture containing 5% O2, 100 mL/L CO2, and 85% N2.
Culture-positive patients were those with bacterial colonies
grown in culture within 7 d. The organisms were identified
as H pylori by Gram staining, colony morphology and positive
oxidase, catalase and urease reaction.
PCR amplification
DNA extraction was performed using a commercially
available kit (QIAamp Tissue kit, QIAGEN Inc., Valencia,
CA) according to the manufacturer’s instructions[23]. The
primers used were derived from the internal 411-bp fragment
of the urease A gene as described by Clayton et al.[24]: HPU1
(5’GCCAATGGTAAATTAGTT3’) and HPU2 (5’CTCCTTAATTGTTTTTAC3’). Reactions were performed in a
25 µL volume in a thermal cycler 480 (Perkin Elmer Applied
Biosystems, Foster City, CA). A reaction mixture contained
2.5 µL of extracted DNA, 0.5 µmol/L of each primer,
2.5 mmol/L of MgCl2, 2.5 µL of 10× PCR buffer, 1 U of
AmpliTaq DNA polymerase (Perkin-Elmer Corp., Foster
City, CA) and 100 µmol/L of each of dATP, dCTP, dGTP
and dTTP. The amplification cycle consisted of an initial
for 1 min, primer annealing at 45
denaturation at 94
for 1 min, and extension for 5 min at 72 to ensure a full
extension of the products. Samples were amplified in 35
consecutive cycles. The final cycle included a 7-min extension
step to ensure a full extension of the PCR products. PCR
products were analyzed on a 2% agarose electrophoresis
gel stained with ethidium bromide.
UBT
UBT was performed according to our previous studies[21,25]
within 1 d of EGD. The patients were fasted for at least
6 h. Fresh milk (1 000 mL) was taken to delay gastric
emptying. The test consisted of a baseline breath sample
and a second breath sample collected 15 min after oral
administration of 100 mg of 13C-labeled urea (INER-Hp
C-tester, Taiwan) dissolved in 50 mL sterile water. Values
were expressed as an excess δ13CO 2‰ excretion. The
δ13CO2 was the ratio of 13C to 12C in the sample compared
to the Pee Dee Belemnite (PDB) standard. The equation
was given as: δ13CO2 = (Rsamp-Rstd)/Rstd×1 000. Rsamp and Rstd
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represented the ratio of 13C to 12C in samples and standard,
respectively. If the value of δ13CO2 was more than 4.8‰,
this was considered as a positive result.
Serology
Blood samples for serological evaluation were obtained
before EGD. A serological assay for IgG antibodies against
H pylori was perfor med by an indirect solid-phase
immunochromatographic assay using the ASSURETM H pylori
rapid test kit (Genelabs Diagnostics, Cavendish Singapore
Science Park, Singapore). The sensitivity and specificity of
the assay were 96% and 92%, respectively according to the
manufacturer’s instructions.
Gold standard definition
A patient was classified as being H pylori-positive on the
basis of either a positive culture or a negative culture, at
least three positive results of RUT, histology, UBT and
serological tests.
Statistical analysis
Statistical tests were performed using the SPSS system.
Sensitivity, specificity, accuracy, predictive values of positive
and negative results were calculated in accordance with
standard methods. χ2 test and 95%CI were used to compare
the sensitivity, specificity and accuracy of different diagnostic
methods. Two-sample t-tests were used to compare the
excess δ13CO2 values of UBT between the true-positive and
false-negative groups of various invasive tests. P<0.05 was
considered statistically significant.
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of RUT, histology and culture were low (66%, 43% and
37%, respectively) although these assays exhibited a high
specificity (95-100%). Their overall accuracies were 76%,
62% and 60%, respectively. Among the four biopsy-based
methods, only PCR exhibited the satisfactory sensitivity
(91%), specificity (100%), and accuracy (94%). Its sensitivity
and accuracy were significantly higher than those of RUT,
histology and culture (sensitivity: P<0.05, P<0.001 and
P<0.001, respectively; accuracy: P<0.05, P<0.001, P<0.001,
respectively).
Of the non-invasive assays, the serological test had a
high sensitivity (95%) but its specificity (65%) was lower
than that of PCR (P<0.05). The sensitivity (94%), specificity
(85%) and accuracy (91%) of UBT were similar to those
of PCR. Among all of the tests investigated herein, PCR
and UBT were the most accurate methods for diagnosing
H pylori infection in patients with bleeding peptic ulcers.
Relationship between intragastric blood and sensitivity of
various tests in diagnosis of H pylori infection
The patients were divided into two groups according to the
presence or absence of blood in the stomach, to investigate
the relationships between intragastric blood and sensitivities

Table 1 Baseline characteristics of patients with bleeding peptic
ulcers (n, %)
Number of patients
(n = 55)
Age (mean±SD)
Sex

RESUL
TS
RESULTS
Of the 60 patients initially enrolled in this study, five did
not complete all the tests and were excluded from the
statistical analysis. Table 1 presents the demographic data
of the remaining 55 patients (37 males, 18 females; mean
age: 62.2±14.5 years) who finished all of the invasive and
non-invasive assays. EGD of these subjects showed a gastric
ulcer in 19 patients (35%), a duodenal ulcer in 13 (24%)
and both gastric and duodenal ulcers in 23 (42%). According
to the gold standard definition, 35 (63.6%) were H pyloripositive and 20 (36.4%) were H pylori-negative.
Comparison of various tests for detecting H pylori infection in
bleeding peptic ulcers
Table 2 presents the sensitivity, specificity and accuracy of
various tests in diagnosing H pylori infection. The sensitivities

62.2 (14.5)

Male
Female

37 (67)
18 (33)

Smoking
Alcohol consumption

13 (24)
4 (7)

Coffee consumption
Ingestion of tea

5 (9)
18 (33)

Ingestion of NSAID1
Sites of ulcer

26 (47)

Stomach
Duodenum

19 (35)
13 (24)

Stomach and duodenum
Ulcer lesions

23 (42)

Bleeding visible vessel
Non-bleeding visible vessel

2 (4)
3 (6)

Adherent clot
Red or black spot

15 (27)
21 (38)

Clean base

14 (26)

1

NSAID: non-steroidal anti-inflammatory drugs.

Table 2 Sensitivity, specificity, and accuracy of various tests for diagnosis of H pylori infection in bleeding peptic ulcers (n = 55) [%(95%CI)]
Sensitivity
b

RUT
Histology

66 (49–82)
43 (26–60)d

Culture
PCR

37 (20–54)d
91 (82–100)

Serology
UBT

94 (86–100)
94 (86–100)

a

P<0.05 vs PCR; bP<0.01 vs PCR; dP<0.001 vs PCR.

Specificity
95 (84–100)
95 (84–100)
100
100
65 (42–88)b
85 (68–100)

Accuracy

PPV
b

NPV

76 (64–88)
62 (48–75)d

96 (87–100)
100

61 (43–79)a
48 (31–64)b

60 (46–73)d
95 (88–100)

100
100

48 (32–63)b
87 (72–100)

84 (73–93)
91 (83–98)

83 (70–95)a
92 (82–100)

87 (67–100)
90 (74–100)

3912

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

of biopsy-based tests for H pylori infection. The sensitivities
of RUT, histology, culture, PCR, serology and UBT were
29%, 21%, 21%, 79%, 93% and 100% in the patients with
intragastric blood, respectively, and 90%, 57%, 48%, 100%,
95% and 91% in the patients without intragastric blood,
respectively. There were statistically significant differences
in the sensitivities of RUT, histology and PCR between the
patients with and without blood in the stomach (Figure 1;
P<0.01, P<0.05 and P<0.05, respectively). Additionally,
there was a trend towards decreased sensitivity of culture
in the patients with blood in the stomach (P = 0.09).

Sensitivity (%)

100
80
60
40
20
0

RUT Histology Culture
PCR Serology
UBT
P<0.01 P = 0.03 P = 0.09 P = 0.01 P = 0.82 P = 0.22

Blood in the stomach (-)

Blood in the stomach (+)

Figure 1 Sensitivities of various tests for detecting H pylori infection between
the bleeding ulcer patients with and without blood in the stomach.

Excess δ13 CO2 excretion per mil

Comparison of bacterial loads between true-positive and falsenegative groups of biopsy-based tests
Since the quantitative data obtained by UBT could reflect
the intragastric bacterial load of H pylori, we further
compared the excess δ13CO2 values of UBT between the
true-positive and false-negative groups in biopsy-based tests.
The excess δ13CO2 values of RUT, histology, culture and
PCR were 26.7±18.1, 31.5±21.4, 33.7±21.8 and 26.3±19.4
in the group with true-positive results respectively, and
20.5±16.3, 19.5±16.3, 19.3±15.9 and 7.2±2.6 in the group
with false-negative results respectively. The excess δ13CO2
values in the false-negative group were significantly lower
than that in the true-positive group of culture test (Figure 2;
P = 0.03). In addition, there was also a trend toward
decreased δ13CO 2 values in the false-negative group of
histological examination and PCR assay (both P = 0.07).

30

True-positive

25
20

False-negative

15
10
5
0
RUT
P = 0.20

Histology
P = 0.07

Culture
P = 0.04

PCR
P = 0.07

Figure 2 Comparison of the excess δ13CO2 values of UBT between the truepositive and false-negative groups in the biopsy-based methods.
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DISCUSSION
The H pylori status in a patient presenting with a bleeding
ulcer must be documented to determine the method of
further management. However, many studies have disclosed
that biopsy-based tests including RUT, histology and culture
have low sensitivities in detecting H pylori in bleeding peptic
ulcers[5,12,13]. Additionally, two recent reports[26,27] also revealed
a lack of accuracy in H pylori stool antigen (HpSA) tests in
patients with ulcer bleeding. In this study, we also
demonstrated that the sensitivities of RUT, histology and
culture in bleeding peptic ulcer were only 66%, 43% and
37%, respectively. However, PCR could reach a diagnostic
sensitivity of 91%, much higher than that of RUT, histology
and culture. Additionally, the test had 100% specificity in
diagnosing H pylori infection under bleeding conditions. This,
therefore, is the most accurate biopsy-based method for
determining H pylori status in bleeding peptic ulcers.
UBT is one of the non-invasive methods for diagnosing
H pylori infection. Both its sensitivity and specificity are
greater than 90% in patients with bleeding peptic ulcers. Its
accuracy is comparable to that of PCR. Although the
serological test has a high sensitivity in patients with bleeding
peptic ulcers, it may not be a good choice for diagnosing
H pylori infection in patients with a complicated ulcer because
antibody tests lack a good specificity (only 65%). The
presence of anti-H pylori IgG antibody implies prior exposure
to the organisms, but does not imply the presence of a
current infection. If a patient presenting with ulcer bleeding
has a false-positive antibody test and is treated by eradication
therapy, the physician may mistakenly believe that the cause
of bleeding has been removed and will then not provide
further preventive therapy to the patient. In such a case,
the patient would have a high risk of recurrent bleeding[6].
Therefore, establishing the H pylori status with certainty at
the time of bleeding episode is quite important.
Following this work, we recommend that an endoscopist
may initially perform a RUT to detect H pylori infection in
a patient with bleeding peptic ulcer because of its simplicity,
low cost, moderate sensitivity and excellent specificity. If
the RUT is negative, either PCR or UBT can be used for
the definite diagnosis of H pylori status. The choice of the
final diagnostic modality may depend on the availability of
tests in the hospital. Nonetheless, the aim of PCR is to
detect specific DNA sequences rather than the whole viable
bacterium. No special requirements pertain to the treatment,
transport, or storage of the biopsy specimens for PCR[28,29].
Several laboratories have reported the successful detection
of H pylori by PCR from a biopsy specimen placed and
transported by mail in the RUT[16,30,31]. This capability is
particularly useful for a gastroenterologist who does not
have access to laboratory facilities and requires a confirmation
of the RUT[16].
In this study, the sensitivities of RUT, histology, culture
and PCR were found to be 29%, 21%, 21% and 79% in
patients with intragastric blood, and 90%, 57%, 48% and
100% in patients without intragastric blood. These data
imply that blood may reduce the diagnostic yield of all
endoscopic biopsy tests in patients with bleeding peptic ulcers.
Additionally, we also demonstrated that the bacterial load
in the false-negative group of culture was significantly lower
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than that in the true-positive group. Furthermore, there
was also a trend toward decreased bacterial load in the falsenegative group of histological examination and PCR assay.
The decreased bacterial density therefore, may be the major
cause for decreased sensitivities of all biopsy-based assays.
There are several possible reasons for the aforementioned
findings. The decreased bacterial load in bleeding ulcer
patients may be related to a direct suppression effect of
intraluminal blood on H pylori, the administration of
antisecretory drugs, or the removal of some H pylori from
the gastric epithelium or mucus by gastric lavage before
EGD[32]. Recently, Leung et al.[33], reported that a falsenegative result of RUT in bleeding ulcer might be caused
by the buffered effects of blood. An in vitro study[34] also
showed that sheep’s blood inhibited the growth of H pylori
in broth media. The exact reason concerning the association
between bleeding ulcer and intragastric bacterial density
merits further investigations.
In conclusion, PCR is the most accurate biopsy-based
method for determining H pylori status in patients with
bleeding peptic ulcers. RUT, histology and culture have a
poor sensitivity under bleeding conditions. A decline in the
intragastric bacterial density during bleeding ulcer may be a
major cause of the reduced sensitivity of biopsy-based
assays.
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with the increase of planting concentration of SW620 cells
and co-culture time after the SW620 cells were co-cultured
with the Jurkat T lymphocytes. The cytotoxicity was
significantly enhanced by PMA+ionomycin or TNF-α.
CONCLUSION: The FasL expressed in human colon
cancer cells may be regulated by endogenous factors in
the microenvironment of the host and facilitate the escape
of tumor cells from the host immune system.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To investigate the potential role of cytokines in
promoting Fas ligand (FasL)-expressing colon cancer cells.
METHODS: Immunohistochemical SABC method was
used to observe the expression of Fas receptor and ligand
in SW620 colon cancer cell line and Jurkat T cells in order
to provide the morphological evidence for the functions
of Fas receptor and ligand. To examine the cytotoxicity of
effector cells, CytoTox96 non-radioactive cytotoxicity assay
was adopted to measure the lactate dehydrogenase-releasing
value after SW620 cells were co-cultured with Jurkat T
lymphocytes.
RESULTS: The FasL of colon cancer SW620 cells was
positive. The positive substances were distributed in the
cell membrane and cytoplasm. The Fas receptor of colon
cancer SW620 cells was negative. The Fas receptor and
ligand of Jurkat T lymphocytes turned out to be positive. The
positive substances were distributed in the cell membrane.
After phytohemagglutinin (PHA)-stimulated Jurkat T lymphocytes were co-cultured with phorbol 12-myristate 13acetate (PMA)-plus-ionomycin-stimulated (for 48 h) SW620
cells or tumor necrosis factor-alpha (TNF-α)-stimulated
(for 48 h) SW620 cells or unstimulated SW620 cells for 4 h,
the cytotoxicity of SW620 cells to PHA-stimulated Jurkat cells
at effector-to-target ratios of 10:1, 5:1, 2.5:1, and 1.25:1
was 74.6%, 40.8%, 32.4%, and 10.9% (F = 8.19, P<0.05);
or 54.9%, 35.3%, 22.0%, and 10.3% (F = 11.12, P<0.05);
or 14.9%, 10.5%, 6.9%, and 5.8% (F = 3.45, P<0.05).
After PHA-stimulated Jurkat T lymphocytes were co-cultured
with unstimulated SW620 cells for 8 h, the cytotoxicity of
SW620 cells to PHA-stimulated Jurkat cells at effector-totarget ratios of 5:1, 2.5:1, and 1.25:1 from the experiment
was 83.9%, 74.1%, and 28.5% (F = 137.04, P<0.05)
respectively. Non-radioactive cytotoxicity assay showed
that the apoptotic rate of Jurkat cells remarkably increased
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INTRODUCTION
The Fas/Fas ligand (FasL) system plays an important role
in the transduction of apoptotic signal into cells. In recent
years, numerous studies have demonstrated that Fas is
expressed on the surface of cells, whereas FasL expression
is restricted to a small number of cell types, such as lymphocytes,
cells of the immune-privileged organs and many types of
malignant tumor cells[1]. Evidence has pointed to an abnormal
increase in apoptosis among activated Fas-positive lymphocytes,
mainly in the periphery of the FasL-expressing tumors[2].
On the other hand, the occurrence of tumor is due to the
fact that the converted cells cannot undergo a normal process
of apoptosis. Resistance to apoptosis through the Fas
receptor pathway coupled with expression of the FasL might
enable many cancers to deliver a pre-emptive strike or
counterattack against the immune system[2-4]. This study
aimed to observe the interaction in vitro between T cells
expressing Fas and tumor cells expressing FasL, and to
investigate the potential role of FasL-expressing colon cancer
cells in vitro and the effect of endogenous cytokines on
tumor cells counterattacking T lymphocytes.
MA
TERIALS AND METHODS
MATERIALS
Reagents, antibodies, and apparatus
Ionomycin, PMA, and phytohemagglutinin (PHA) were
purchased from Sigma Chemical Co., USA. Tumor necrosis
factor-alpha (TNF-α) and CytoTox96  non-radioactive
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cytotoxicity assay kits were purchased from Promega Co.,
USA. RPMI1640 and DMEM were obtained from Gibco
Co. Fetal bovine serum (FBS) was purchased from Hyclone
Co. Monoclonal mouse anti-human CD95/FAS and monoclonal
mouse anti-human FasL were purchased from Zhongshan
Co., Beijing, China. SABC detection kit was purchased from
Bosden Co., Wuhan, China. A-5082 Sunrise automated
ELISA reader was purchased from Tecan, Austria.
Cell lines and cell culture
The human colon cancer cell line SW620 from American
Tissue Culture Collection (ATCC) was kindly donated by
Dr. Joe O’Connell, Cork University Hospital, Ireland. The
acute T cell leukemia cell line Jurkat (ATCC) was provided
by Institute of Hematology, Chinese Academy of Medical
Sciences. The human glioma cell line TJ905 was kindly donated
by Dr. Zhang WZ, Tianjin Huanhu Hospital, China. SW620
and TJ905 cells were cultured in DMEM supplemented
with 100 mL/L FBS. Jurkat T lymphocytes were cultured
in RPMI1640 medium (with 100 mL/L FBS) and stimulated
with 4 mg PHA/L[3]. All cell lines were incubated at 37
in a humidified 50 mL/L CO2 atmosphere.
Immunocytochemical procedures for detection of FasL and
Fas protein
Jurkat, TJ905, and SW620 cells were cultured on glass chamber
slides respectively. After fixation in 4% paraformaldehyde
for 60 min respectively, slides were washed twice for 5 min
in a wash buffer containing 50 mmol/L Tris-Cl, pH 7.6,
50 mmol/L NaCl, and 0.001% saponin. Endogenous
peroxidase was quenched with 3% hydrogen peroxide in
methanol for 5 min. Slides were washed as before except
that the wash buffer contained 1% normal goat serum, and
then blocked for 1 h in wash buffer containing 5% normal
goat serum[5]. Slides were washed and incubated overnight
at a dilution of 1:200 with monoclonal mouse anti-human
in a high-humidity chamber.
primary antibodies at 4
Antibody binding was localized using biotinylated secondary
antibody, avidin-conjugated horseradish peroxidase, and
diaminobenzidine substrate. Slides were counterstained with
hematoxylin, washed for 1 h with PBS, air-dried and covered
with mounting medium. Negative control slides were
processed with PBS in place of primary antibodies.
Fas-mediated cytotoxicity assay
To examine the cytotoxicity of effector cells, CytoTox96 nonradioactive cytotoxicity assay[6] was adopted to measure lactate
dehydrogenase (LDH)-releasing value after SW620 or TJ905
cells (control) were co-cultured with Jurkat T lymphocytes.
Jurkat cells were incubated with PHA (4 mg/L) [3] in
RPMI1640 (50 mL/L FBS) for 24 h and counted with a
hemocytometer before cytotoxicity assay. SW620 or TJ905
cells (control) were seeded on 96-well U-bottom tissue culture
plates (Falcon) at a density of 2×109/L, 1×109/L, 5×108/L,
and 2.5×10 8/L respectively, and kept under controlled
conditions or stimulated with 10 µg/L PMA+500 µg/L
ionomycin or with 20 µg/L TNF-α for 48 h. For a further
24 h of culture PHA-stimulated Jurkat cells (2×104 in 100 µL)
were added, keeping effector-to-target cell ratios at 10:1, 5:1,
2.5:1, and 1.25:1. PHA-stimulated Jurkat cells were co-
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cultured with effector cells in 100 µL RPMI1640 medium
(50 mL/L FBS) each well. Tissue culture plate was centrifuged
to ensure cell-cell contact[6].
at 250 r/min for 5 min at 4
In each experiment triplicate wells were analyzed. At the
same time, the values of effector cell spontaneous LDH
release, target cell spontaneous LDH release, target cell
maximum LDH release, volume correction control, and
culture medium background were measured. Then the
following formula was applied in the calculation of percent
cytotoxicity:cytotoxicity (%) = (experimental LDH releaseeffector cell spontaneous LDH release-target cell spontaneous
LDH release)/(target cell maximum LDH release-target cell
spontaneous LDH release)×100.
Statistical analysis
Results were compared by analysis of variance (ANOVA)
using SPSS10.0 software. P<0.05 was considered statistically
significant.

RESUL
TS
RESULTS
Immunocytochemical detection of FasL and Fas protein in
SW620, Jurkat and TJ905 cells
FasL expression in colon cancer SW620 cells was strongly
positive. The positive substances were distributed in the
cell membrane and cytoplasm (Figure 1A), while Fas
expression in SW620 cells was negative (Figure 1B). Fas
and FasL expression in Jurkat T lymphocytes turned out to
be positive. The positive substances were distributed in the
cell membrane and cytoplasm, while the nuclei of the cells
were negative (Figures 1C and D). Fas expression in TJ905
cells was positive. The positive substances were distributed
in the cell membrane and cytoplasm (Figure 1E). FasL
expression in TJ905 cells was weakly positive (Figure 1F).
Results of cytotoxicity assay
After the SW620 cells were co-cultured with the PHAstimulated Jurkat T lymphocytes for 4 h, the cytotoxicity
(Figure 2) of SW620 cells to PHA-stimulated Jurkat cells
at different effector-to-target ratios had significant differences
(F = 3.45, P<0.05). After stimulation with 10 µg/L PMA+
500 µg/L ionomycin for 48 h, the SW620 cells were cocultured with the PHA-stimulated Jurkat T lymphocytes
for 4 h. The cytotoxicity (Figure 2) of SW620 cells to PHAstimulated Jurkat cells at different effector-to-target ratios
had significant differences (F = 8.19, P<0.05). After
stimulation with 20 µg/L TNF-α for 48 h, the SW620 cells
were co-cultured with the PHA-stimulated Jurkat T lymphocytes
for 4 h. The cytotoxicity (Figure 2) of SW620 cells to PHAstimulated Jurkat cells at different effector-to-target ratios
had significant differences (F = 11.12, P<0.05). After the
SW620 cells were co-cultured with the PHA-stimulated
Jurkat T lymphocytes for 8 h, the cytotoxicity of SW620
cells to PHA-stimulated Jurkat cells at effector-to-target ratios
of 5:1, 2.5:1, and 1.25:1 was 83.9%, 74.1%, and 28.5%
respectively and had significant differences (F = 137.04,
P<0.05). The cytotoxicity of Jurkat cells after co-culture
with SW620 (different effector-to-target ratios) for 8 h was
much higher than that after being co-cultured with SW620
(different effector-to-target ratios) for 4 h (P<0.05, Table 1).
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Figure 1 Expression of FasL and Fas in SW620 cells (A and B), Jurkat cells
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Figure 2 Comparison of cytotoxicity assay among three groups.

After PMA-plus-ionomycin-stimulated (for 48 h) SW620
cells or unstimulated SW620 cells were co-cultured with PHAstimulated Jurkat T lymphocytes for 4 h, the cytotoxicity
of PMA-plus-ionomycin-stimulated SW620 cells was much
higher than that of control. The cytotoxicity had significant
differences between the two groups (P<0.05, Table 1). After
TNF-α-stimulated (for 48 h) SW620 cells or unstimulated
SW620 cells were co-cultured with PHA-stimulated Jurkat
T lymphocytes for 4 h, the cytotoxicity of TNF-α-stimulated
SW620 cells was much higher than that of control. The
cytotoxicity had significant differences between the two
groups (P<0.05, Table 1).
After the TJ905 cells were co-cultured with the PHAstimulated Jurkat T lymphocytes for 4 h, the cytotoxicity
of TJ905 cells to PHA-stimulated Jurkat cells at different
effector-to-target ratios had no differences (F = 0.25, P>0.05).

(C and D), and TJ905 cells (E and F).

TJ905 cells were not cytotoxic to Jurkat cells. After the
TJ905 cells were co-cultured with the PHA-stimulated Jurkat
T lymphocytes for 8 h, the cytotoxicity of TJ905 cells to
PHA-stimulated Jurkat cells at different effector-to-target
ratios had no differences (F = 2.92, P>0.05). TJ905 cells
were not cytotoxic to Jurkat cells. After the TJ905 cells
were stimulated with 10 µg/L PMA+500 µg/L ionomycin
for 48 h, the TJ905 cells were co-cultured with the PHAstimulated Jurkat T lymphocytes for 4 h. The cytotoxicity
of TJ905 cells to PHA-stimulated Jurkat cells at different
effector-to-target ratios had no differences (F = 0.04, P>0.05),
TJ905 cells were not cytotoxic to Jurkat cells. After the
TJ905 cells were stimulated with 20 µg/L TNF-α for 48 h,
the TJ905 cells were co-cultured with the PHA-stimulated
Jurkat T lymphocytes for 4 h. The cytotoxicity of TJ905
cells to PHA-stimulated Jurkat cells at different effectorto-target ratios had no differences (F = 0.97, P>0.05), TJ905
cells were not cytotoxic to Jurkat cells. Cytotoxicity assay
showed that no cytotoxicity to human glioma TJ905 cells
was observed in the PHA-stimulated Jurkat T lymphocytes.

DISCUSSION
Fas is constitutively expressed in lymphocytes of normal subjects.
After lymphocytes are triggered by inflammatory cytokines
or tumor antigen, Fas expression is significantly augmented.
Since the expansion of tumor-specific CD4 and CD8 cells
is the current goal of many promising immunotherapeutic
strategies, it is important to understand the factors that may
influence the fate of such specific cells. Moreover, uncloned
CD4 cell line originally isolated from human tumor tissue[7]

Table 1 Comparison of cytotoxicity assay after co-culturing PHA-stimulated Jurkat T lymphocytes with SW620 cells
Sources of deviations

F (8 h)

P

Sample
Column

475.99
77.62

<0.05
<0.05

Intercept

51.09

<0.05

Two-way ANOVA.

F (PMA-plus-ionomycin)

P

F (TNF-α)

P

27.71
10.29

<0.05
<0.05

57.87
129.92

<0.05
<0.05

5.14

<0.05

15.75

<0.05
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as well as tumor-specific human cytotoxic T lymphocytes
(CTLs) clones[8] are also reported to express Fas in vitro and
to be sensitive to its ligation. Recent evidence shows that
tumor-infiltrating lymphocytes (TILs) exhibit significantly
increased expression of Fas relative to peripheral blood
lymphocytes[9]. There is evidence that the lack of co-stimulatory
signals such as B7.1, a feature of many tumors, promotes
T-cell sensitivity to FasL in the tumor microenvironment[10].
Since TILs are difficult to be isolated and expanded in vitro,
we chose Jurkat T lymphocytes instead of TILs in our study.
Fas is expressed in each colonocyte of normal colon
mucosa, and downregulated or lost in the majority of colon
cancers. Immunohistology revealed that the majority of
colon cancers express Fas at abnormally low levels or entirely
lack Fas[11]. Our results are compatible with these findings.
Further more data have confirmed that colon cancer cell
line is constitutively or at least relatively resistant to Fasmediated apoptosis[12,13]. Resistance to Fas-mediated apoptosis
is a common feature of cancers, irrespective of cell surface
expression of Fas[14]. Thus, the downmodulation or abrogation
of Fas on tumor cells and/or acquirement of relative resistance
to Fas ligation might be a selection advantage, and constitute
a mechanism of immune evasion to Fas-mediated killing
by T cells[15,16].
The FasL-expressing SW620 cell line is derived from a
lymph node metastasis of primary colon cancer. The present
study further confirmed that the expressed FasL was demonstrated to be functional, since co-culture experiments using
FasL-expressing SW620 cells resulted in the apoptosis of
Jurkat T leukemia cells that are sensitive to Fas-mediated
apoptosis, which consequently may facilitate metastatic
development. Our findings and other data suggest that tumor
cells can evade immune attack by downregulating the Fas
and inducing apoptosis in activated T lymphocytes through
the expression of FasL. Furthermore, the constitutive expression
of FasL in hepatic metastatic tumors suggests that FasL may
also be important in their colonization in the liver through
induction of apoptosis in the surrounding Fas-expressing
hepatocytes[17]. FasL expression in human colon cancers
is associated with apoptotic depletion of TILs in vivo [2].
In addition, upregulation of FasL expression probably
induces killing of Fas-bearing tumor cells by promoting
the selection of malignant tumor variants, because its Fas
pathway has become insensitive to FasL binding. In the
tumor microenvironment, IFN and other potentially relevant
cytokines may be provided endogenously by immune system
interaction, such as CD4+ T cells, following interaction with
MHC class II+ antigen-presenting cells. Ag-specific CD8+
CTLs may then lyse cytokine-modified tumor cells through
Fas-dependent and/or Fas-independent pathways, depending
upon the intrinsic susceptibility of the tumor population to
one or more immune effector mechanisms. Zeytun et al.[18],
reported a mutual killing model in which FasL+, Fas+ tumor
cells, LSA and EL-4, kill Fas+ tumor-specific CTLs and are
also killed by tumor-specific FasL+ CTLs. They concluded
that the survival of the tumor or the host might depend on
the cells which can accomplish FasL-based killing more
efficiently. It is clear that the highly sophisticated and flexible
adaptive immune response of higher vertebrates requires
subtle regulation, particularly of receptors that can deliver
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such a devastating outcome as cell death. Ding et al.[19],
reported that PMA+ionomycin and endogenous cytokines
such as interleukin-18 (IL-18), TNF-α and IFN-γ upregulate
the expression of FasL protein in human colon cancer cell
lines DLD-1 and SW620. We further showed that the
cytotoxicity was significantly enhanced by PMA+ionomycin
and TNF-α. Since IFN-γ, TNF-α, and other potentially
relevant cytokines are mainly secreted by activated T cells
and macrophages, the upregulation of FasL in cancer cells
in response to some cytokines may thus counterselect activated
TILs and favor a microenvironment of T-cell anergy and
the immune escape of cancer cells. Our data suggest that
the FasL expressed in human colon cancer cells may be
regulated by endogenous factors in the microenvironment
of the host and facilitate the escape of tumor cells from the
host immune system. Pages et al.[20], observed that synthesis
of IL-18 decreases or is abolished in colon adenocarcinomas
compared to that in normal mucosa, thus resulting in
decreasing IFN-γ production and impairing FasL-dependent
cytotoxicity of immune cells. This feature is correlated with
the existence of distant metastasis and an unfavorable
outcome. Xu et al.[21], reported that IFN-γ upregulates the
expression of Fas and FasL in HT29 cells, a human colon
adenocarcinoma cell line, and subsequently induces apoptosis
of these cells in an autocrine and paracrine manner.
However, it is important to note that many mechanisms of
Fas-resistance can also occur, such as Fas-associated phosphatase1, overexpression of bcl-2 and secretion of soluble Fas
from tumor cells in a variety of human tumor cell lines that
express Fas[22,23]. TNF-α and IFN-γ are potent immunostimulatory cytokines with tumoricidal effects in a variety
of cancers. But at the same time these cytokines might facilitate
escape of tumor cells from the host immune system.
Taken together, we also considered a new mechanism
of immune evasion, namely, the active destruction of T
lymphocytes by tumor cells expressing CD95 ligand. It may
provide insights into the processes of both tumor immunity
and tumor escape for at least a potential subset or fraction of
malignancies. Disarming the Fas counterattack is a conceptually
appealing and exciting potential goal for tumor immunotherapy.
Ongoing studies are aimed at further understanding the basis
of Fas resistance and counterattack, thus determining how
to restore tumor cell sensitivity to Fas or block expression or
function of FasL in tumor cells.
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Abstract
AIM: To investigate the protective effect of isoflurane on
energy balance in isolated hepatocytes during in vitro
anoxia/reoxygenation, and to compare isoflurane with
halothane.
METHODS: Hepatocytes freshly isolated from fed rats
were suspended in Krebs-Henseleit buffer, and incubated
in sealed flasks under O2/CO2 or N2/CO2 (95%/5%, V/V)
for 30 or 60 min, followed by 5 or 10 min of reoxygenation,
with an added volatile anesthetic or not. ATP, ADP, and
adenosine monophosphate in hepatocytes were determined
by high performance liquid chromatography, and energy
charge was calculated.
RESULTS: During 30 min of anoxia, the energy charge
and total adenine nucleotide steadily increased with the
isoflurane dose from 0 to 2 minimum alveolar anesthetic
concentration (MAC), then decreased from 2 to 3 MAC.
In short incubations (30-35 min) at 1 MAC isoflurane, energy
charge modestly decreased during anoxia, which was
partially prevented by isoflurane and completely reversed
by reoxygenation, and total adenine nucleotide did not
decrease. In long incubations (60-70 min), both energy
charge and total adenine nucleotide greatly decreased
during anoxia, with partial and no reversal by reoxygenation,
respectively. Isoflurane partly prevented decreases in both
energy charge and total adenine nucleotide during anoxia
and reoxygenation. In addition, 1 MAC isoflurane obviously
increased ATP/ADP, which could not be changed by 1
MAC halothane.
CONCLUSION: Isoflurane partially protects isolated
hepatocytes against decreases in both energy charge and
total adenine nucleotide during short (reversible) or long
(irreversible) anoxia.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatic anoxia, alone or as a component of ischemia, is an
ever-present concern during abdominal surgery, because
associated inhibition of energy supply threatens liver cell
function and viability[1,2]. Evidence is mounting that the
inability of the liver to maintain or regain energy balance
during and after surgery is one of the strongest predictors
of liver damage and adverse outcome[3,4]. Also, release from
injured tissue of metabolites, such as adenosine, with
cardiovascular effects may further compromise the anesthetic
management of seriously ill or injured patients. Thus,
surgeons and anesthesiologists need to be aware of, and to
use, whatever measures are available to preserve energy
balance in tissues.
The sum of ATP splitting by many concurrent energyrequiring reactions is called “ATP demand.” ATP supply
occurs mainly via mitochondrial oxidative phosphorylation,
which is absolutely dependent on O2. Under normal conditions,
ATP supply easily keeps pace with ATP demand, and adenine
nucleotide (high-energy phosphate) exists mainly in the form
of ATP, along with relatively small amounts of ADP and
adenosine monophosphate (AMP). However, when ATP
supply is inhibited by lack of oxygen, ATP demand predominates, ADP and AMP then accumulate at the expense of
ATP, and eventually adenosine and other non-nucleotide
metabolites appear. Thus, shifts in the balance between ATP
supply and demand can be assessed by measuring changes in
the absolute and relative levels of ATP and its metabolites.
A more complete and accurate expression is energy charge.
Energy charge = (ATP+1/2ADP)/(ATP+ADP+AMP).
MA
TERIALS AND METHODS
MATERIALS
Hepatocytes were isolated from adult male Sprague-Dawley
rats (250-300 g) having free access to food and water[5].
Livers were perfused in situ by using Ca 2+-free KrebsHenseleit buffer (pH 7.4) supplemented with 20 mmol/L
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4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid,
and equilibrated with O2/CO2 (95/5).
maintained at 37
Perfusion was continued for 10 min with buffer alone, then
for another 12-14 min with added collagenase (Type I, Sigma
Chemical Co., St. Louis, MO). The softened liver was
transferred to a plastic weighing dish containing 25 mL
Krebs+2% dissolved bovine serum albumin, teased apart
with a spatula and chopped finely with sharp scissors. After
further dilution to 100 mL with Krebs+2% dissolved bovine
serum albumin, the cell slurry was washed into a 500-mL
Erlenmeyer flask, gently swirled under a flowing O2/CO2
(95%/5% V/V) atmosphere at 37
for 15 min, then
filtered through nylon mesh. Each 12 mL of crude cell
suspension was mixed with 28 mL Percoll (Pharmacia,
Sweden, obtained from Sigma) and centrifuged at 10 000 g
for 10 min. The layer of intact, purified hepatocytes at the
bottom of the gradient was rinsed free of Percoll by
suspension in Krebs and centrifugation for 2 min at 50 r/min.
The final pellet contained a total of 2-4×108 cells that were
90-95% viable by dye exclusion. Cells were stored for 2 h
on ice before use without loss of viability.
In 25-mL round-bottomed flasks, 12.5 million cells were
suspended in a total volume of 2.5 mL Krebs+2% dissolved
bovine serum albumin (pH 7.4). Flasks were sealed with
rubber caps through which 14-gauge needles were inserted
for in- and out-flow of gas mixture. After 10 min preincubation
under O2/CO2, regassing and experimental incubations were
carried out as follows: O2/CO2 for 35 or 70 min (= oxygenated),
N2/CO2 for 30 or 60 min (= anoxic), or N2/CO2 for 30 or
60 min followed by O2/CO2 for 5 or 10 min, respectively
(= reoxygenated). All incubations were performed by swirling
the flasks in a water bath at 37 . When needed, anesthetics
were added at the desired concentrations to the gas mixture
used for gassing the flasks by means of a copper kettle
vaporizer. Gas chromatography measurements established
that anesthetic concentrations in liquid phase reached a
constant value within 5-10 min. (The absolute concentrations
in the liquid phase varied with anesthetic dose and cell
concentration.) Incubations were terminated by injecting
0.5 mL 2 mol/L perchloric acid forcefully into the suspension
to arrest enzyme-catalyzed reactions. After removal of precipitated membranes and protein by centrifugation, the clear
supernatant containing extracted adenine nucleotides and
other metabolites was neutralized with 2 mol/L potassium
hydroxide and cooled on ice to precipitate excess potassium
perchlorate. The supernatant was decanted and stored atbefore metabolite measurements.
20
ATP, ADP, and AMP were analyzed by high performance
liquid chromatography (LDC Analytical, Riviera Beach, FL,
USA) using a CM4000 pump interfaced with a SM5000
detector. The separation was accomplished on a C18
reversed phase column. Elution with a binary gradient was
carried out at a flow rate of 1.0 mL/min. Mobile phase A
consisted of 30 mmol/L potassium phosphate as buffer
(pH 6.0) and 8 mmol/L tetrabutylammonium hydrogen
sulfate as ion-pairing reagent. Mobile phase B was identical
except that it contained 500 mL/L methanol. Recovery of
ATP, ADP, and AMP routinely exceeded 90-95%, as estimated
from the concentration of caffeine added as an internal
standard.
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Statistical analysis
Data were presented as mean±SD. One- or two-way analysis
of variance with replications and Scheffe’s or paired t-tests
were used for statistical analysis. P<0.05 was considered
statistically significant.

RESUL
TS
RESULTS
Figure 1A shows the effect of isoflurane dose on adenine
nucleotide levels in isolated hepatocytes after exposure to anoxia
for 30 min. ATP levels increased and AMP levels decreased
from their respective control values as isoflurane increased
from 0 to 2 minimum alveolar anesthetic concentration
(MAC, 0-3% concentration), with a slight reversal from 2
to 3 MAC (3-5% concentration). Total adenine nucleotide
increased to a lesser degree with isoflurane dose and was
significantly higher than baseline only at 2 MAC. Values of
ADP did not change significantly from baseline at any dose
of isoflurane. Values of energy charge (not shown) paralleled
to those of ATP.
Figure 1B shows data obtained from incubations
performed for 30-35 min. In cells incubated under O2 for
35 min, amounts of ATP were maximal and balanced by
relatively small amounts of ADP and AMP. Isoflurane
slightly decreased ATP while increasing ADP and AMP.
Although changes in individual nucleotide concentrations
were not statistically significant, they combined to produce
a significant decrease in energy charge.
In cells anoxic for 30 min (under N2 rather than O2),
ATP substantially decreased and ADP and AMP increased
compared to oxygenated cells. The associated decrease in
energy charge confirmed that anoxia shifted energy balance
toward a much lower degree of phosphorylation in the
adenine nucleotide pool. When isoflurane was present during
anoxia, ATP remained significantly higher and AMP lower
than in anoxic cells without isoflurane. These two effects
of isoflurane combined to maintain a proportionately higher
value of energy charge.
Cells exposed to 30 min of anoxia followed by 5 min of
reoxygenation showed values of all three adenine nucleotides
and energy charge that were not significantly different from
those of cells exposed to O 2 continuously for 30 min.
Furthermore, no difference in any of these variables was
seen for +isoflurane compared to -isoflurane.
Figure 1C shows results obtained from a second set of cell
preparations subjected to incubations for 60-70 min. In cells
incubated under O2 alone for 70 min, absolute and relative
amounts of ATP, ADP, and AMP were not significantly different
from those incubated for 30 min. The changes produced
by inclusion of isoflurane along with O2 decreased ATP,
increased ADP and AMP, and a statis-tically significant
decrease in energy charge were only slightly (and not
significantly) larger than in cells incubated for 35 min.
In cells that were anoxic (exposed to N2) for 60 min,
values of ATP, ADP, AMP, total adenine nucleotide, and
energy charge were all significantly lower than in cells
exposed anoxia for 30 min. The effects of including
isoflurane during anoxia were also generally more
pronounced in cells exposed to anoxia for 60 min: compared
to values in the absence of isoflurane, ATP was more than
double and energy charge almost double, ADP and total
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Figure 1 Dependence of ATP, ADP, AMP and total adenine nucleotide and
energy charge in isolated hepatocytes on isoflurane during 30 min exposure to
anoxia (A), anesthetic and oxygenation status during 30-35 min incubation (B)
and during 60-70 min incubation (C). Iso, isoflurane; O 2 , oxygenated; N 2,

anoxic; ReO2, reoxygenated after anoxia. Values shown are means for n = 8
experiments. aP<0.05 vs initial values at 0% isoflurane; cP<0.05 vs control
groups (isoflurane absent).

adenine nucleotide were significantly higher while AMP was
not significantly lower.
Reoxygenated cells incubated for longer periods (N2
for 60 min, O2 for 10 min) differed greatly from cells subjected
to shorter incubations (N2 30 min, O2 5 min), whereas values
of ADP and AMP were not much different from those of
oxygenated cells. Energy charge, ATP and total adenine
nucleotide were drastically decreased. Another difference
between longer and shorter incubations of reoxygenated
cells was that in the longer ones, isoflurane-related differences
in energy status persisted into the reoxygenation period;
increases in ATP, ADP, and total adenine nucleotide during
anoxia were maintained during reoxygenation.
Table 1 shows the data from a separate experiment
carried out solely to compare isoflurane and halothane at
approximately 1 MAC for their ability to alter energy status
in isolated hepatocytes during 30-min exposure to anoxia.
ATP/ADP was again higher with 1 MAC isoflurane present
than in paired control incubation (isoflurane absent) using
cells from the same preparation. With 1 MAC halothane, no
difference at all in ATP/ADP during anoxia was seen, each
incubated in the presence and absence of that agent.

effect of isoflurane in anoxic hepatocytes varied in a systematic
way with isoflurane dose. There was a graded dose-response
relationship from 0 to 2 MAC, with a slight reversal of
protection at 3 MAC. It seems that, at least in isolated cells,
the energy-protective effect of isoflurane is optimal in the
dose range used for clinical anesthesia. The basis for the
response “ceiling” at 2 MAC awaits an understanding of
the biochemical basis of the protective effect. An important
question still to be addressed in this line of investigation is
the extent to which the protective effect is associated with
the anesthetic state. Is this effect limited to isoflurane or to
other halogenated or volatile agents? Does ED50 for the
protective effect correlate with MAC?
In the shorter incubation (30-35 min) that examined
varying oxygenation status, 1 MAC isoflurane tended to
decrease ATP and increase ADP and AMP in cells exposed
to oxygen, presumably because isoflurane inhibits mitochondrial
recycling of ADP to ATP via oxidative phosphorylation[6,7].
An opposite and larger effect of isoflurane on energy status
was found in anoxic cells: superimposed on the great
decrease in ATP and energy charge produced by anoxia,
the effect of isoflurane was to enhance energy balance rather
than to further impair it. In reoxygenated cells, there were
neither protective nor detrimental effects of isoflurane on
energy balance; and isoflurane produced no effect at all on
any of the measured variables of energy status. The similarity
between reoxygenated and continuously oxygenated cells
indicates that exposure to 30-min anoxia with or without
isoflurane has no irreversible effect on the energy status of
hepatocytes.
The longer incubation (60-70 min) produced physiologically
significant and/or irreversible effects of anoxia on cellular
energy status. As in the 35-min incubation, data from cells
oxygenated for 70 min showed that non-anoxic injury might
have occurred during that period of incubation. The similarities
in ATP, ADP, AMP, and total adenine nucleotide values
suggest that the longer period of incubation is well tolerated,
because damaged cells rapidly lose adenine nucleotides. The
effects of anoxia on adenine nucleotide content and energy
balance were considerably greater after 60-min exposure to
anoxia than after 30-min exposure to anoxia. In anoxic cells
after 60-min exposure to anoxia, there was a great decrease
in total adenine nucleotide compared to oxygenated cells (vs

Table 1 Different effects of isoflurane and halothane on energy
status in hepatic cells during 30 min exposure to anoxia (mean±SE)
ATP/ADP

Isoflurane

Halothane

O2

N2

Non- anesthetics Group

5.3±0.6

0.7±0.1

7.4±1.1

1.1±0.3

Anesthetics Group

4.8±0.5

1.2±0.1a

7.3±1.5

1.2±0.2

a

O2

N2

P<0.05 vs non-anesthetics group, n = 8.

DISCUSSION
Intact isolated hepatocytes embody a physiologic balance
of the reactions involved in ATP supply and demand in a
form that permits uniform control and ready measurement
of biochemical variables. We have studied these cells extensively
under simulated intra-operative conditions to predict energetic
responses at the tissue and organ level.
The data in Figure 1B show that the energy-protective
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none at 30 min), the decrease in energy charge was also
greater after 60-min exposure to anoxia than after 30-min
exposure to anoxia. In reoxygenated cells, none of the effects
of 60-min exposure to anoxia were reversed, in contrast to
all of the effects of 30-min exposure to anoxia. The
importance of total adenine nucleotide in limiting the levels
of ATP, ADP, and AMP during brief recovery from anoxia
was shown clearly by the almost identically lowered values
of total adenine nucleotide in corresponding anoxic and
reoxygenated cells after 70-min exposure to anoxia. Also, in
contrast to the shorter incubation, in the longer incubation
the protective effect of isoflurane was observed during
anoxia-increased energy charge and total adenine nucleotide
was persistent through the reoxygenation period.
As mentioned earlier, the measured values of ATP,
ADP, and AMP concentrations and the calculated values
of total adenine nucleotide and energy charge in isolated
hepatocytes are sensitive indicators of changes in the
dynamic balance of ATP supply and demand. The anesthetic
effects reported here may well be due to the direct action
of the drug on one or more of the intracellular reactions
involved in producing or consuming ATP[8-10]. The results
of other studies suggested that the protective effect of
isoflurane may be due to “decreased metabolism” and, more
precisely, due to inhibition of ATP demand[11-13]. The conclusion
holds also for the findings of the present study. Previous
studies showed that isoflurane causes a dose-related decrease
in O2 consumption in isolated hepatocytes[14]. However, it
would be erroneous to conclude that this decrease in O2
consumption reflects primary inhibition of ATP demand
(with secondary inhibition of mitochondrial oxidative
phosphorylation via respiratory control), because volatile
anesthetics are also able to inhibit oxidative phosphorylation
directly[15,16]. In fact, inhibition of ATP demand in intact
cells can be ascertained only by direct measurement of ATP
consumption.
Two possible mechanisms may be mentioned by which
decreased AMP formation can maintain ATP levels. An
anoxia-induced increase in AMP promotes its degradation
to adenosine and other non-nucleotide metabolites[17]. The
latter step seems to be a physiologic “point of no return”,
because ATP is not easily resynthesized from its nonnucleotide metabolites when oxygen and ATP supply are
restored[17]. Thus, a decrease in AMP formation would decrease
the rate of ensuing AMP degradation and loss of total
adenine nucleotide. Also, a decrease in AMP formation from
ADP via inhibition of adenylate kinase can preserve the
availability of ADP for conversion back to ATP via glycolysis.
The present study demonstrates that 1 MAC isoflurane
actually helps to preserve liver cell energy balance during
anoxia (whereas 1 MAC halothane has no such effect). The
demonstration of this protective effect might be crucially
dependent on the specific experimental conditions used in
this study. Relatively short periods of anoxic exposure may
prevent enzymes that catalyze ATP-consuming reactions
from being degraded to the extent that inhibition of their
activity by isoflurane could not be detected. Also, the use
of anoxia (0% O2) rather than hypoxia may eliminate vestiges
of mitochondrial ATP formation, anesthetic inhibition of
which may decrease ATP/ADP and thus opposing or even
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canceling ATP/ADP increases resulting from anesthetic
inhibition of ATP consumption[18,19].
For optimal anesthetic and surgical care, we need to
know as much as possible about the effects and actions of
the drugs we use, especially with regard to a process as
essential as energy balance. The work described here has
documented certain effects of isoflurane on ATP supply
and demand at the cellular level and laid the groundwork
for explaining them in terms of actions on specific
biochemical reactions that produce and consume ATP. In
addition to further elucidate such basic mechanisms, we
also need to examine the consequence of these cellular
effects in physiologic and clinical terms, by using more intact
systems and measures of outcome.
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Abstract
AIM: To assess the effectiveness and safety of perioperative
growth hormone (GH) in patients undergoing abdominal
surgery.
METHODS: We searched the following electronic
databases: MEDLINE, EMBASE, the Cochrane Controlled
Trials Register, Chinese Bio-medicine Database. The
search was undertaken in February 2003. No language
restrictions were applied. Randomized controlled trials
(RCT) comparing GH with placebo in patients undergoing
abdominal surgery were extracted and evaluated.
Methodological quality was evaluated using the Jadad
scale.
RESULTS: Eighteen trials involving 646 patients were
included. The combined results showed that GH had a
positive effect on improving postoperative nitrogen balance
(standardized mean difference [SMD] = 3.37, 95%CI
[2.46, 4.27], P<0.00001), and decreasing the length of
hospital stay (weighted mean difference [WMD] = -2.07,
95%CI [-3.03, -1.11], P = 0.00002), and reducing the
duration of postoperative fatigue syndrome (SMD = -1.83,
95%CI [-2.37, -1.30], P<0.00001), but it could increase
blood glucose levels (WMD = 0.91, 95%CI [0.56, 1.25],
P<0.00001).
CONCLUSION: GH for patients undergoing abdominal
surgery is effective and safe, if blood glucose can be
controlled well. Further trials are required with a sufficient
size to account for clinical heterogeneity and to measure
other important outcomes such as infection, morbidity,
mortality, fluid retention, immunomodulatory effects, and
tumor recurrence.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Catabolism and negative nitrogen balance is a part of the
metabolic reaction to major abdominal surgical trauma. It
is a concern to surgeons because the catabolic response is
correlated with the overall surgical morbidity rate, causing
prolonged convalescence. Growth hormone (GH) has been
shown to have anabolic effects and to reduce or even prevent
nitrogen catabolism in patients undergoing abdominal
surgery. The effect of GH has recently been studied by
many researchers. In 1974 Wilmore et al.[1], suggested that
adequate nutritional intake was necessary for GH to have
nitrogen-saving effects. In 1986 the study by Phillips [2]
demonstrated that GH stimulated hepatic production of
somatomedin (insulin-like growth factor-I, IGF-I) whose
action could promote diverse anabolic processes, such as
synthesis of RNA, DNA, proteins or proteoglycans.
However, the effects of GH on nonmetabolic clinical
outcome remain unclear.
Meta-analysis has been gradually used in medicine to
improve the statistical efficiency, to evaluate the disadvantages
of formulated researches and hypothesis, and to reach
reliable conclusions from the mixed assortment of potentially
relevant studies to determine the most promising directions
for future researches. We performed a meta-analysis of
available studies to assess the effectiveness and safety, in
order to improve our understanding of the clinical effects
of perioperative GH treatment of patients undergoing
abdominal surgery; clinical outcomes including nitrogen
balance, length of hospital stay, blood glucose, and
postoperative fatigue syndrome were measured. Other
important outcomes, such as infection, morbidity, mortality,
fluid retention, immunomodulatory effects and tumor
recurrence, were also measured.
MA
TERIALS AND METHODS
MATERIALS
Identification of trials
Our aim was to identify all relevant randomized controlled
trials (RCT) that compared GH with placebo in patients
undergoing abdominal surgery. A RCT was defined as a
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trial in which patients were assigned prospectively to one
of two interventions by random allocation. We used a
multimethod to identify relevant studies for the present
review. A computerized literature search of MEDLINE
from 1966 to October 2002 was conducted using the following
search terms: operation OR surgery OR postoperative OR
perioperative AND GH AND RCT (publication type) or
controlled clinical trials or clinical trials, randomized. In
addition, we searched Embase (1980-2002), Cochrane
Controlled Trials Register (Issue 1, 2003), and Chinese Biomedicine Database (1979-2002), reviewed our personal files,
and contacted experts in the field. Bibliographies of all
selected articles and review articles that included information
on GH were reviewed for other relevant articles. This search
strategy was done iteratively, until no new potential,
randomized, controlled trial citations were found on review
of the reference lists of retrieved articles.
Study selection and data extraction
The following selection criteria were used to identify
published studies for inclusion in this analysis: study design
- randomized clinical trial, population - hospitalized adult
patients undergoing abdominal surgery, intervention - GH
vs placebo initiated at the same time and with the same
nutrition support, and outcome variables - at least one of
the following primary outcome variables: nitrogen balance,
length of hospital stay, blood glucose, postoperative fatigue
syndrome, incidence of infection, morbidity, mortality, fluid
retention, immunomodulatory effects, and tumor recurrence.
Study selection and data abstraction were conducted
independently by the two investigators.
Data analysis
The incidences of infection, tumor recurrence, fluid retention,
morbidity, and mortality were treated as binary variables.
Nitrogen balance, length of hospital stay, blood glucose,
postoperative fatigue syndrome, and immunomodulatory
effects were treated as continuous variables. Data analysis
was performed using the random effect model with meta-
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analysis software (RevMan 4.2; Cochrane Collaboration,
Oxford, UK). The continuous data outcomes were presented
with 95% confidence intervals (CIs). When authors reported
standard deviations, we used them directly. When standard
deviations were not available, we computed them from the
observed mean differences (either differences in changes
or absolute readings) and the test statistics. When the test
statistics were not available, given a P value, we computed
the corresponding test statistics from tables for the normal
distribution. We tested heterogeneity between trials with χ2
tests, with P<0.05 indicating significant heterogeneity[3].
Methodological quality was evaluated using the Jadad scale[4].

RESUL
TS
RESULTS
From 460 articles screened, 38 were identified as RCT
comparing GH with placebo and included for data extraction.
Twenty studies were excluded, and the remaining 18 trials
were included in the present meta-analysis[5-22]. Only one
study[19] was in Chinese. Articles were excluded for the
following reasons, namely the outcomes of interest were
not recorded[23-37] and some articles repeated[38-42]. A total
of 646 patients were enrolled in the included studies. The
characteristics of studies included in meta-analysis comparing
GH with placebo are presented in Table 1. Not all of the
studies reported the outcome of interest, postoperative
nitrogen balance was reported in 11 studies[5-15], length of
hospital stay in 3 studies[17-19], postoperative fatigue syndrome
in 3 studies[20-22], blood glucose in 6 studies[12-17].
The combined results showed that GH had a positive
effect on improving the postoperative nitrogen balance
(standardized mean difference [SMD] = 3.37, 95%CI [2.46,
4.27], P<0.00001) (Table 2A), and decreasing the length of
hospital stay (weighted mean difference [WMD]=-2.07,
95%CI [-3.03, -1.11], P = 0.00002) (Table 2B), and reducing
the duration of postoperative fatigue syndrome (SMD =
-1.83, 95%CI [-2.37, -1.30], P<0.00001) (Table 2C), but it
could increase blood glucose levels (WMD = 0.91, 95%CI
[0.56, 1.25], P<0.00001) (Table 2D).

Table 1 Characteristics of studies included in meta-analysis comparing GH with placebo
Study

Year

Jadad score

Reference

Operation

GH

Lehner
López

1992
1993

3
1

6
7

Major abdominal surgery
Major surgery of the digestive tract

0.3 IU/kg/d for 5 d
0.2 IU/kg/d for 6 d

Wong
Tacke

1995
1994

2
1

8
9

Major abdominal surgery
Major gastrointestinal surgery

0.2 IU/kg/d for 7 d
0.3 IU/kg/d for 5 d

Saito
Kolstad

1992
2001

3
5

10
11

Major abdominal operation
Laparoscopic cholecystectomy

0.4 IU/kg/d for 6 d
13 IU/m2/d for 3 d

Jensen
Ponting

1998
1988

5
2

12
13

Ileoanal anastomosis with a J pouch
Major gastrointestinal surgery

12 IU/d for 6 d
0.1 mg/kg/d for 7 d

Hammarqvist
Jiang

1992
1989

1
4

14
15

Elective cholecystectomy
Gastrectomy or colectomy

0.3 IU/kg/d for 3 d
0.15 IU/kg/d for 7 d

Mjaaland
Barle

1991
2001

3
1

16
17

Gastrointestinal surgery
Laparoscopic cholecystectomy

24 IU/d for 5 d
12 IU/d for 5 d

Vara-Thorbeck 1
Barry 2

1993
1998

3
4

18
19

Cholecystectomy
Abdominal aortic aneurysm repair

8 IU/d for 7 d
0.3 IU/kg/d for 6 d

Liu
Barry 1

2001
1999

5
3

20
21

Abdominal surgery
Abdominal aortic aneurysm repair

0.3 IU/kg/d for 5 d
0.3 IU/kg/d for 6 d

Kissmeyer-Nielsen
Vara-Thorbeck 2

1999
1996

5
3

22
23

Ileoanal J-pouch surgery
Cholecystectomy

12 IU/d for 6 d
8 IU/d for 7 d

Zhou Y et al. Growth hormone for abdominal surgery
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Table 2 Random effect model of standardized mean difference (95%CI) in improving postoperative nitrogen balance (A) and in reducing the
duration of postoperative fatigue syndrome (C) and weighted mean difference (95%CI) in decreasing the length of hospital stay (B) and in
increasing blood glucose levels (D) with GH as compared with placebo
A
Study

Treatment
n

Treatment
Mean (SD)

Ponting
Jiang

6
9

1.80 (0.40)
-7.10 (3.12)

5
9

Mjaaland
Hammarqvist

9
8

4.10 (1.10)
-2.32 (1.66)

Lehner
Saito

19
18

López
Tacke
Wong
Jenson
Kolstad
Total (95%CI)

Weight
%

SMD (random)
95%CI

-0.90 (0.70)
-32.60 (4.20)

6.23
6.27

4.46 [1.85, 7.07]
6.56 [3.97, 9.16]

10
9

-3.10 (1.80)
-7.09 (0.71)

8.36
8.91

4.55 [2.69, 6.41]
3.63 [1.94, 5.32]

-4.30 (9.60)
-18.00 (3.30)

21
18

-14.80 (3.30)
-185.00 (58.00)

11.94
10.60

1.46 [0.76, 2.17]
3.98 [2.80, 5.15]

9
9

-7.30 (2.80)
-10.00 (2.61)

9
10

-20.70 (4.10)
-20.47 (3.86)

9.09
9.85

3.64 [2.00, 5.27]
3.00 [1.60, 4.40]

8
9

3.00 (0.90)
-47.00 (20.00)

7
10

-1.30 (0.75)
-73.00 (20.00)

7.15
11.12

4.85 [2.59, 7.11]
1.24 [0.24, 2.25]

-3.90 (0.40)

10
118

-5.70 (0.90)

10.49
100.00

2.53 [1.32, 3.73]
3.37 [2.46, 4.27]

11
115

Control
n

Control
Mean (SD)

Test for heterogeneity: x2 = 44.48, df = 10 (P<0.00001), I2 = 77.5%. Test for overall effect: Z = 7.27 (P<0.00001).
B
Study
Barry 2
Liu
Vara-Thorbeck 1
Total (95%CI)

Treatment
n

Treatment
Mean (SD)

8

13.00 (2.00)

10

17.00 (3.00)

17.05

-4.00 [-6.32, -1.68]

10
87

9.70 (1.80)
9.60 (3.60)

10
93

10.50 (1.30)
12.50 (7.10)

48.41
34.54

-0.80 [-2.18, 0.58]
-2.90 [-4.53, -1.27]

100.00

-2.07 [-3.03, -1.11]

105

Control
n

Control
Mean (SD)

113

Weight
%

WMD (fixed)
95%CI

Test for heterogeneity: x2 = 6.93, df = 2 (P= 0.03), I2 = 71.1%. Test for overall effect: Z = 4.24 (P<0.0001).
C
Study
Barry 1

Treatment
n

Treatment
Mean (SD)

Control
n

Control
Mean (SD)

Weight
%

SMD (fixed)
95%CI

7

1.60 (1.20)

10

4.90 (2.20)

21.23

-1.68 [-2.84, -0.52]

Kissmeyer-Nielsen
Vara-Thorbeck 2

9
22

1.37 (0.55)
1.52 (0.43)

10
26

2.73 (2.00)
3.14 (0.75)

31.57
47.20

-0.86 [-1.82, 0.09]
-2.55 [-3.33, -1.77]

Total (95%CI)

38

100.00

-1.83 [-2.37, -1.30]

46

Test for heterogeneity: x2 = 7.32, df = 2 (P = 0.03), I2 = 72.7%. Test for overall effect: Z = 6.72 (P<0.00001).
D
Study
Barle
Hammarqvist
Jiang
Mjaaland
Ponting
Vara-Thorbeck 1
Total (95%CI)

Treatment
n

Treatment
Mean (SD)

Control
n

Control
Mean (SD)

Weight
%

WMD (random)
95%CI

10
8

6.40 (1.00)
5.60 (0.30)

10
9

5.40 (0.50)
4.80 (0.20)

11.98
20.69

1.00 [0.31, 1.69]
0.80 [0.55, 1.05]

9
9

6.17 (0.51)
5.75 (0.43)

9
10

6.06 (0.50)
4.90 (0.30)

16.26
18.94

0.11 [-0.36, 0.58]
0.85 [0.51, 1.19]

6
87

9.40 (0.70)
6.56 (1.02)

5
93

7.20 (0.50)
5.66 (0.71)

11.68
20.46

2.20 [1.49, 2.91]
0.90 [0.64, 1.16]

100.00

0.91 [0.56, 1.25]

129

136

Test for heterogeneity: x2 = 23.97, df = 5 (P = 0.0002), I2 = 79.1%. Test for overall effect: Z = 5.13 (P<0.00001).

DISCUSSION
The results must be interpreted with the difference in patients,
dose or length of treatment, and unexplained heterogeneity.
Clinical heterogeneity in the form of age, etiology and
operation of patients points to the possibility of bias.
This meta-analysis did not show that GH had a positive
effect on improving postoperative nitrogen balance. Eleven
studies involving 233 patients were included. Although there
was a heterogeneity (test for heterogeneity χ 2 = 44.48,
df = 10, P<0.00001), the result was sure. Because all the
11 studies showed that GH had a positive effect on improving
postoperative nitrogen balance with a statistical significance
(minimum of SMD = 1.24, 95%CI [0.24, 2.25]). However,

it seems that different doses had different effects, subgroup
was not used. What attention should be paid to is that some
studies only reported the cumulated nitrogen balance or
the daily nitrogen balance. Further research should be done
to assess the possible best dose.
To date, only three studies involving 218 patients, have
examined whether treatment with GH could influence the
length of hospital stay. The combined results showed that
administration of GH could decrease the length of hospital
stay. The results must be interpreted with caution due to
the small size. Two of three trials[17,18] showed statistically
and clinically significant differences in the length of hospital
stay. So, further trials are required with a sufficient size to
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account for clinical heterogeneity and length of hospital stay.
This meta-analysis showed that administration of GH
could reduce the duration of postoperative fatigue syndrome
after 1 mo. Three studies involving 84 patients were
included. The evidence was not strong due to the small size
and unexplained heterogeneity. It is also important to
recognize that two[20,21] of the RCTs included in this review
were not designed specifically to reduce postoperative fatigue
and provided few or no theoretical rationales as to why the
intervention under study might be expected to attenuate it.
Attempts to assess fatigue objectively by measuring, for
example, physical activity, time taken to return to normal
routine, or involuntary or voluntary muscle force were
problematic because they could be confounded by numerous
factors including pain and anxiety. Much effort has therefore
been devoted to developing short and easy-to-use questionnaires
that could provide some quantification of a patient’s subjective
feeling of fatigue. Future research should ensure that an
adequate measure of subjective fatigue is employed, possibly
in tandem with important objective measures, such as time
taken to return to work.
This meta-analysis did not show that GH might increase
blood glucose levels. Six studies involving 265 patients were
included. Of the six, only the study of Jiang et al.[14], did not
reach a statistical significance (SMD = 0.11, 95%CI [-0.36,
0.58]). Low-dose GH and hypocaloric nutrition may be the
reason. Confirmation of the diabetogenic properties of GH
was made after it was administered in excess to experimental
animals and men. Transgenic animals, which over-expressed
GH, developed insulin resistance, marked hyperinsulinemia,
hyperglycemia, and hypertriglyceridemia in association with
a number of molecular abnormalities[43,44]. Patients with
acromegaly developed insulin resistance and hyperinsulinemia,
while up to 40% became diabetic[45,46]. There is evidence that
insulin resistance caused by GH plays an important role in
the rise of blood glucose. In addition, GH could stimulate
lipolysis with the release of glycerol and non-esterified fatty
acids (NEFA). This provides a further mechanism for the
diabetogenic properties of GH through the effect of NEFA
to increase hepatic glucose output and decrease peripheral
glucose oxidation according to the glucose-fatty acid
cycle [47,48]. In fact, in the study of Berman et al.[23], the GH
group had significantly elevated urine glucose levels
throughout the study period, consistent with the demonstrated
hyperglycemia and only moderately elevated insulin levels.
Treatment with GH did result in hyperglycemia, and two
patients were removed from the study. Hyperglycemia
associated with GH administration could be treated easily
by insulin, especially in long-term GH administration.
Only one RCT[36] conducted an analysis of a multicenter
study with 104 patients undergoing major gastrointestinal
surgery to assess the risk of long-term tumor recurrence
after short-term (5 d) postoperative GH treatment. The
study was a follow-up of a previous randomized study
investigating the effect of three different doses of GH
(0.075, 0.15, and 0.30 IU/kg/d) on the postoperative
cumulative nitrogen balance in patients undergoing major
surgery. Tumors recurred in 20 (35%) patients who were
evaluated for and treated with GH (n = 57). This accounted
for 4 of 17 (23%) patients given 0.075 IU/kg/d of GH, 9
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of 20 (45%) given 0.15 IU/kg/d of GH, and 7 of 20
(35%) given 0.30 IU/kg/d. By comparison, tumors recurred
in 8 of 18 (44%) of patients given placebo. The result of
this study demonstrated that short-term treatment with GH
for 5 d after major gastrointestinal surgery for adenocarcinoma
did not increase the risk of tumor recurrence. But the group
size was too small to further stratify the patients according
to tumor type and tumor stage, so that no information was
gained about the influence of GH dose in certain tumor
stages.
Fluid retention is one of known side effects of GH
administration. The sodium and fluid retaining impact of
GH was demonstrated in humans almost 50 years ago by
Ikkos et al.[49]. Underlying mechanisms of GH-induced fluid
retention are as follows. GH could increase glomerular
filtration rate mediated by insulin-like growth factor (IGFI)[50-52], stimulate the renin-angiotensin-aldosterone system
(RAAS) [53-57] , reduce atrial natriuretic factors [58-61], and
prostaglandins could play a role in GH-induced fluid
retention[62]. In the study of Berman et al.[23], two GH patients
were removed from the study for fluid retention. These
patients were in the immediate postoperative period.
However, whether the fluid retention was a result of surgery
or GH administration could not be determined.
GH should not be given in acute inflammatory
disease states. Findings by Takala et al.[63], pointed to the
immunomodulatory effects of GH. These authors described
higher hospital mortality in a Finish and an European study
on critically ill non-cancer patients. It was proposed that the
higher mortality was due to the application of GH at a later
stage during the inflammatory disease process, leading to
uncontrolled systemic inflammation. However, infection was
not measured in these trials except one[17]. Only one RCT[18]
reported the morbidity and mortality, so we could not draw
a conclusion due to the small size. But there are still four
studies[64-67] awaiting assessment in other languages or we
cannot find the full text.
In conclusion, perioperative GH treatment of patients
undergoing abdominal surgery can improve the postoperative
nitrogen balance, and decrease the length of hospital stay,
and reduce the duration of postoperative fatigue syndrome.
But it might increase blood glucose levels. However, the
evidence is not strong due to the difference in patients, dose
or length of treatment, and unexplained heterogeneity. In
order to examine the effectiveness and safety of perioperative
GH treatment of patients undergoing abdominal surgery,
further trials are required with a sufficient size to account
for the clinical heterogeneity and to measure other important
outcomes such as infection, morbidity, mortality, fluid
retention, immunomodulatory effects, and tumor recurrence.
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Abstract
AIM: To investigate the autofluorescence spectroscopic
differences in normal and adenomatous colonic tissues
and to determine the optimal excitation wavelengths for
subsequent study and clinical application.
METHODS: Normal and adenomatous colonic tissues
were obtained from patients during surgery. A FL/FS920
combined TCSPC spectrofluorimeter and a lifetime spectrometer system were used for fluorescence measurement.
Fluorescence excitation wavelengths varying from 260 to
540 nm were used to induce the autofluorescence spectra,
and the corresponding emission spectra were recorded
from a range starting 20 nm above the excitation wavelength
and extending to 800 nm. Emission spectra were assembled
into a three-dimensional fluorescence spectroscopy and
an excitation-emission matrix (EEM) to exploit endogenous
fluorophores and diagnostic information. Then emission
spectra of normal and adenomatous colonic tissues at certain
excitation wavelengths were compared to determine the
optimal excitation wavelengths for diagnosis of colonic cancer.
RESULTS: When compared to normal tissues, low NAD
(P)H and FAD, but high amino acids and endogenous
phorphyrins of protoporphyrin IX characterized the highgrade malignant colonic tissues. The optimal excitation
wavelengths for diagnosis of colonic cancer were about
340, 380, 460, and 540 nm.
CONCLUSION: Significant differences in autofluorescence
peaks and its intensities can be observed in normal and
adenomatous colonic tissues. Autofluorescence EEMs are
able to identify colonic tissues.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Autofluorescence spectroscopy; Excitationemission matrix; Optical diagnosis; Colonic cancer

Li BH, Xie SS. Autofluorescence excitation-emission matrices
for diagnosis of colonic cancer. World J Gastroenterol 2005;
11(25): 3931-3934

http://www.wjgnet.com/1007-9327/11/3931.asp

INTRODUCTION
Colonic cancer is an important public health concern in
industrialized countries and around the world. Diagnosis
and localization of early carcinoma play an important role
in the prevention and curative treatment of colonic cancer.
However, physical biopsies do not fully solve this problem
because they are sampled at random locations, which is
highly dependent on the skill and experience of the investigator.
As a result, a significant number of lesions, especially the
carcinoma in situ lesions, are not sampled and subsequently
diagnosed[1,2]. Laser-induced autofluorescence depends on
endogenous fluorophores in the biological tissue, which
undergoes a change related to malignant transformations.
Therefore, it is possible for us to develop more sensitive
techniques for the detection of early colonic tissue. During
the past two decades, autofluorescence spectroscopy has
been investigated as an effective and noninvasive method
for detecting and imaging the abnormal tissues from the
surrounding normal tissues.
Measurement of three-dimensional fluorescence
spectroscopy or fluorescence excitation-emission matrices
(EEMs) for tissue samples in vitro is a crucial step to exploit
the endogenous fluorophores and determine which
excitation wavelengths contain the most diagnostic
information for clinical diagnostic analysis[3-6]. However, an
important limitation of most studies on the autofluorescence
diagnosis of colonic cancer is that the selection of excitation
wavelengths is based on the availability of a special light
source, and few studies have been done to understand the
real reasons responsible for the spectral differences[6-9]. In
this study, we conducted the measurement of autofluorescence
EEMs in order to investigate the spectroscopic differences
in normal and adenomatous colonic tissues, and to further
determine the optimal excitation wavelengths. It is hoped
that information from this investigation may be useful for
subsequent studies and clinical diagnosis.
MA
TERIALS AND METHODS
MATERIALS
Adenomatous colonic tissues (n = 5) were obtained from
four patients during surgery for malignant tumors of the
colon, and normal tissue sample (n = 4, matched controls)
was also collected from the same patient. Each tissue sample
was cut into two specimens. One specimen was sent to the
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pathologist for standard histopathological evaluation, the
other unstained and unfixed specimen was placed on a nonfluorescence quartz substrate for laser-induced autofluorescence
within 2 h after surgical resection.
Autofluorescence EEM was performed using a FL/
FS920 combined TCSPC spectrofluorimeter and a lifetime
spectrometer system (Edinburgh Instruments Ltd, UK). The
wavelength-selected excitation light onto the sample with a
60° incident angle and fluorescence emission was collected
at 45° with respect to the normal quartz substrate in order
to minimize the detection of the backscattered excitation
light. The slit sizes of excitation and emission monochromator
were 1.5 and 0.5 mm, respectively. The wavelength
dependence of the excitation power and the detector
response was corrected and calibrated for all emission
spectra. Fluorescence EEMs were recorded by measuring
the fluorescence emission spectra over a range of excitation
wavelengths. The excitation wavelengths varied from 260
to 540 nm in 20-nm increments. At each excitation wavelength,
the fluorescence emission spectra were recorded from a
range starting 20 nm above the excitation wavelength and
extending to 800 nm at 5-nm intervals. These wavelength
ranges enabled characterization of all endogenous
fluorophores, tryptophan, collagen, and elastin, NAD(P)H,
FAD and endogenous phorphyrins, present in tissues in the
UV-Vis spectrum[10,11]. This resulted in a total measurement
time about 25 min for each EEM. After each measurement,
a repeat fluorescence spectrum was measured at 260 nm
excitation and compared to that measured at the beginning
of the experiment to confirm that the measurement protocol
used did not induce photobleaching. Fluorescence data from
each single measurement were then combined to construct
EEM containing fluorescence intensity as a function of
both excitation and emission wavelengths.
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RESUL
TS
RESULTS
No significant differences were observed in the autofluorescence spectra of normal and cancerous tissues. However,
remarkable differences in fluorescence peaks and intensities
were detected between normal and adenomatous tissue from
the same patient. The representative three-dimensional
autofluorescence spectra for the normal colonic tissue and
adenomatous colonic tissue are shown in Figures 1A and B,
respectively. The relative fluorescence intensity was recorded
as a function of both excitation and emission wavelengths.
Although the fluorescence intensities were indicated in
arbitrary units, the same experimental set-ups were maintained
throughout our measurements for comparison.
The corresponding autofluorescence EEMs for normal
and adenomatous colonic tissue are displayed in Figures 2A
and B, respectively. The colorized scale represents different
fluorescence intensities. The plots are shown on a log
contour scale, where each contour connects points of equal
fluorescence intensity.
In the case of autofluorescence EEM for normal colonic
tissue in Figure 2A, the primary fluorescence peaks occurred
at the excitation-emission wavelength pairs of 280-330,
350-480, 350/460-605, and 460-520 nm. According to the
previous studies, these fluorescence peaks were attributed to
the amino acids tryptophan and tyrosine, reduced nicotinamide
adenine dinucleotide (NADH) or reduced nicotinamide
adenine dinucleotide phosphate (NADPH), ceroid and
flavin adenine dinucleotide (FAD), respectively [10,12] .
Adenomatous tissues exhibited emission peaks at 635 and
710 nm (Figure 2B) that were not observed in the emission
spectra of normal colonic tissues. These remarkable peaks
were the contribution of naturally occurring high endogenous
phorphyrins of protoporphyrin IX in cancerous tissues[13-15].
Furthermore, the emission intensity from tryptophan and
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Figure 1 Three-dimensional autofluorescence spectra for normal colonic tissue
(A) and adenomatous colonic tissue (B).
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Figure 2 Autofluorescence EEMs for normal colonic tissue (A) and adenomatous
colonic tissue (B).
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tyrosine was more intense in cancerous tissue than in normal
tissue EEM. However, the endogenous fluorescence near
500 nm reduced in tumor tissues relative to normal colonic
tissues. The differences might lie in the decrease of the
oxidized forms of flavins and the relative amount of NAD
(P)H in malignant tissues. As a result, low NAD(P)H and
FAD but high amino acids and protoporphyrin IX accumulated
in the human colonic malignancy. An evaluation of the
average fluorescence spectrum at 260 nm excitation
collected at the end of each EEM indicated that its peak
fluorescence intensity was within 8% of that acquired at
the beginning of each EEM. This means that minimal
photobleaching occurred during the process of the 25-min
EEM measurement.
In order to further determine the optimized excitation
wavelengths for the diagnosis of colonic cancer, autofluorescence emission spectra at certain excitation wavelengths
of 280, 340, 380, 460, and 540 nm for normal and
adenomatous colonic tissues were compared in Figure 3,
respectively. The greatest spectroscopic differences could
be achieved for diagnosis of colonic cancer when the
excitation wavelengths were 340, 380, 460, and 540 nm. In
particular, the emission from endogenous phorphyrins of
protoporphyrin IX demonstrably characterized the
autofluorescence spectroscopy of cancerous tissues when
the excitation wavelength was higher than 380 nm.

differences could be attributed to the differences in
fluorophores expression. The endogenous fluorophores that
are speculated to cancerous transformations are the amino
acids tryptophan and tyrosine, the structural proteins collagen
and elastin, the coenzymes NAD(P)H and FAD, and
phorphyrins[12].
Our results indicate that the fluorescence intensity of
the amino acids tryptophan and tyrosine is dominant in both
normal and cancerous colonic tissues at 280 nm excitation,
which demonstrates the fact that amino acids are the basic
structural units of protein and play an important role in
biological tissues. These results also agree well with those
of Pradhan et al.[16], who suggested that there is an increase
in tryptophan as cells progress from normal to cancerous
state. Secondly, we observed that the intensity in the blue
region of the autofluorescence spectra significantly reduced
in adenomatous colonic tissues compared to normal tissues,
which is in substantial agreement with the early work
showing that the concentration of NADH and NADPH in
adenomatous tissues is lower than that in normal tissues[6,7].
Moreover, Anidjar et al.[17], have demonstrated a decrease
of FDA in cancerous tissues, which is proved in our
research. However, Georgakoudi et al.[18] and Drezek et al.[19],
suggested that low collagen and high NAD(P)H fluorescence
characterize the high-grade dysplastic lesions when compared
to nondysplastic cervix tissues. It is possible that the
differences in NAD(P)H fluorescence may be due to
different colonic and cervix tissues and the comparable
measurements should be carried out for further confirmation.
In addition, it should be noted that the emission specific
peaks from collagen and elastin were not shown in our tissue
EEMs except for one case, suggesting that the increments
of excitation wavelength should be limited to 10 nm in
order to exploit the emission fluorescence from structural
proteins collagen and elastin. Bottiroli et al.[7], have observed

DISCUSSION
In this study, autofluorescence EEMs were measured using
a standard spectrofluorimeter to determine the location of
the endogenous fluorescent peaks and their relative intensity
in normal and adenomatous colonic tissues. We observed
significant differences in the autofluorescence spectra of
normal tissues and adenomatous colonic tissues, and these
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a red fluorescence in some parts of tissue section from a
cancerous colon. The red fluorescence has been reported
by Moesta et al.[13], and also demonstrated in this investigation,
which can be definitely attributed to high endogenous
phorphyrins of protoporphyrin IX accumulating naturally
in colonic cancer.
In summary, the presence or absence of fluorescence
peaks in both normal and adenomatous colonic tissues can
be explained by the different endogenous fluorophores to
generate autofluorescence signals, and the ability of laserinduced autofluorescence EEMs to distinguish normal from
cancerous colonic tissues. The present investigation offers
evidence that low NAD(P)H and FAD but high amino acids
and protoporphyrin IX characterize the high-grade malignant
colonic tissues. Based on our results, the optimal excitation
wavelengths for diagnosis of colonic cancer are 340, 380,
460, and 540 nm.
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Abstract
AIM: To evaluate the effects of dietary fiber (DF) as a part
of enteral nutrition (EN) formula on diarrhea, infection, and
length of hospital stay.
METHODS: Following electronic databases were searched
for randomized controlled trials about DF: Chinese Biomedicine
Database (CBM), MEDLINE, EMBASE and Cochrane Controlled
Trials Register. RevMan 4.1 was used for statistical analysis.
RESULTS: Seven randomized controlled trials with 400
pat-ients were included. The supplement of DF in EN was
compared with standard enteral formula in five trials.
Combined analysis did not show a significant reduction in
occurrence of diarrhea, but there were valuable results
for non-critically ill patients. Combined analysis of two
trials observing the infection also did not show any valid
evidence that DF could decrease the infection rate, though
the length of hospital stay was reduced significantly.
CONCLUSION: Based on the current eligible randomized
controlled trials, there is no evidence that the value of DF
in the diarrhea can be proved. Though length of hospital stay
was shortened by the use of DF, there is no available evidence
in preventing infection by DF. Further studies are needed
for evaluating the value of DF in EN.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Dietary fiber (DF) is a category of carbohydrates that cannot
be ingested by endogenic digestive enzymes in human body[1].

Nevertheless, DF can be fermented into methane, hydrogen,
CO2, and short-chain fatty acid (SCFA) by bowel microflorae.
SCFA, a primary important energy substance for colonal
mucosal epithelium, is essential to maintain the metabolism
and regeneration of epithelia, protect the structure and function,
promote absorption of water and sodium, and regulate the
function of bowel[2-6]. Recent studies also suggest that SCFA
can protect the intestinal barrier and prevent bacterial translocation[7-9]. So DF has been widely recommended as an essential
component of enteral nutrition (EN) in the last 20 years[10-13].
It is believed that DF may play an important role in controlling
diarrhea associated with EN, improving restoration of bowel
function, reducing infection and improving prognosis of
critically ill patients[14-18]. But the conclusions of existing trials
are controversial. The practical value of DF in clinical EN
lacks evidence. This review is to evaluate the value of DF
in clinical EN with the method of meta-analysis and to seek
the best evidence for clinical EN.

MA
TERIALS AND METHODS
MATERIALS
Data extraction and outcomes
We searched the following electronic databases for eligible
trials: PubMed (from January 1980 to January 2003),
EMBASE (from January 1989 to December 2002),
Cochrane Controlled Trials Register and Chinese
Biomedicine Database (from 1980 to 2002). The searching
words were dietary fiber and enteral nutrition. Languages
were restricted to English and Chinese.
The criteria were open or blind randomized studies. Patients
were randomly allocated into receiving EN emented with
DF or EN without DF, regardless of the type of DF.
Assessment of methodological quality
The assessment of methodological quality was undertaken
by two of the authors independently, differences in assessment
were solved by consensus. From each study, data were extracted
on the type of patients, the method of administration of
EN. Outcomes were the occurrence of diarrhea, infection
of any type and length of hospital stay.
Jadad score and allocation concealment were adopted
to evaluate the methodological quality of each trial: 0 for
non-randomized controlled trials, 1-2 scores for poor-quality
trials and 3-5 scores for high-quality trials. The concealment
of allocation also was divided into three grades: A for adequate
concealment, B for unclear concealment, C for inadequate
concealment.
Analysis
RevMan 4.1 software supplied by Cochrane Collaboration
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was used. The effect size of categorical variables was odds
ratio (OR). For numerical variables, if the unit was identical,
weighed mean difference (WMD) was used, and standardized
mean difference was used when the unit was different. The
homogeneity of adopted trials was tested before meta-analysis.
If the heterogeneity had no statistical significant difference,
a fixed effect model was used during meta-analysis. In contrast,
we used a random effect model and subgroup analysis. Sensitivity
analysis was also proceeded after the non-blinded, inadequate
concealed trials were excluded.

RESUL
TS
RESULTS
Characteristics of trials and patients
Eight hundred and eleven papers were obtained by searching
the databases, 587 in English, 224 in Chinese. Seventeen trials,
all in English, were identified for further evaluation after
the title and abstract were read. Seven measured up to the
criteria and were included[19-25]. There were no repetitive
studies and meta-analysis. Seven of the 17 included trials,
three were conducted in Germany[19,20,24], one in USA[22],
one in Australia[25], one in Belgium[21] and Singapore[23]. Two
included critically ill patients[22,25], three included postoperative
patients[19,20,23], one included sepsis[21] and the other included
a variety of diseases[24]. The earliest study was published in
1990[25], all were published in the past 14 years.
Methodological quality of trials
Of the seven trials, three were of a high quality (one had five
scores according to Jadad, one had four scores, one had three
scores), the other four were of a poor quality. Computerized
random number was used in two trials, sealed envelopes in
two, no randomization method in three. Four trials were
double-blinded. The baselines of included subjects were
compared in all studies, and no statistically significant differences
existed. Table 1 gives the details of the seven trials.
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Outcomes
Effect of DF on diarrhea in EN The occurrence of
diarrhea in 276 patients receiving EN supplemented with
or without DF was observed in five trials. There was no
heterogeneity (P = 0.087) and fixed effect model was used.
The combined OR was 0.61, 96% confidence interval was
from 0.36 to 1.05 (P = 0.07) (Table 2). Subgroup analysis
of two trials on uncritically ill patients showed that the
combined OR was 0.33 (from 0.13 to 0.87, P = 0.03).
Effect of DF on infection The risk of infection was reported
in two trials. The types of infection included pneumonia, sepsis,
abdominal infection, urinary infection and incision infection.
Two trials had homogeneity. Combined OR was 0.44 when
the fixed effect model was used (0.20-1.00, P = 0.05).
Effect of DF on length of hospital stay Three trials reported
the length of hospital stay of 124 postoperative patients. Among
the three trials, one was excluded because it did not supply
the standard deviation. Two adopted trials had homo-geneity,
combined WMD was -2.85 (from -3.76 to -1.93, P<0.00001).
Sensitivity analysis
Three high-quality trials on diarrhea of 160 cases in EN
were included. There was no heterogeneity among them
(P = 0.069). Combined OR was 0.83 (0.43-1.60, P = 0.6). The
result was identical with the previous analysis (Table 3).
Sensitivity analysis was abandoned for the quality of trials
about infection and length of hospital stay was poor.

DISCUSSION
Diarrhea is the most frequent complication in EN. Infusion
speed, temperature, osmolality, bacterial contamination, hypoalbuminemia and antibiotics may play a part in diarrhea[26].
Laboratory studies suggested that DF and SCFA, fermentation
products of DF, were able to improve the rhythm of bowel
peristalsis, promote absorption of water and sodium, and

Table 1 Characteristics of RCTs about EN supplemented with DF
Number of patients
(intervention/control)

Methodological
quality

Schultz 2000
Dobb 1990

44(22/22)
91(45/46)

C: A J: 5
C: B J: 4

Critically ill
Critically ill

6/7
16/13

NR
NR

NR
NR

Spapen 2001
Rayes 2002

25(13/12)
64(32/32)

C: A J: 3
C: B J: 2

Sepsis
Liver transplantation

6/11
NR

NR
11/15

NR
36±2.7/39±0.5

60(30/30)
100(50/50)

C: B J: 2
C: B J: 2

Abdominal surgery
Inpatients

NR
6/15

3/9
NR

15±7.4/16±5.5
NR

C: B J: 2

Postoperative

1/2

NR

NR

Rayes 2002(2)
Homann 1994
Khalil 1998

16(8/8)

Patients

Diarrhea

Infection

Days of hospital
stay (mean±SD)

C = concealment of allocation; J = Jadad score; NR = not reported.

Table 2 Effect of EN with DF on diarrhea
Study
Dobb 1990
Homann 1994
Khalil 1998
Schultz 2000
Spapen 2001
Total(95%CI)

Favors DFsupplement n/N
16/45
6/50
1/8
6/22
6/13
35/138

Favors DFfree n/N
13/46
15/50
2/8
7/22
11/12
48/138

Test for heterogeneity chi-square = 8.13, df = 4, P = 0.087; Test for overall effect z = -1.79, P = 0.07.

Weight
%

OR
(95%CI fixed)

24.0
38.3
5.1
14.8
17.9
100.0

1.40 [0.58,3.40]
0.32 [0.11,0.91]
0.43 [0.03,5.99]
0.80 [0.22,2.94]
0.08 [0.01,0.79]
0.61 [0.36,1.05]
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Table 3 Sensitivity-analysis of effects of EN with DF on diarrhea
Study

Favors DFsupplement n/N

Favors DF-free
n/N

Weight
%

OR
(95%CI fixed)

Dobb 1990

16/45

13/46

24.0

1.40 [0.58,3.40]

Schultz 2000
Spapen 2001

6/22
6/13

7/22
11/12

14.8
17.9

0.80 [0.22,2.94]
0.08 [0.01,0.79]

Total(95%CI)

28/80

31/80

100.0

0.83 [0.43,1.60]

Test for heterogeneity χ2 = 5.34, df = 2, P = 0.069, Test for overall effect z = -0.56,
P = 0.6.

regulate the inhibitor feedback mechanism[27-31]. Accordingly,
DF may have potentials beneficial to controlling diarrhea
in EN[32-35]. But the existing clinical trials did not show
identical results, so strict evaluation is essential. The occurrence
of diarrhea in trials adopted in this review was 30.01%,
combined OR was 0.61, 95% confidence interval was from
0.36 to 1.05 (Z = -1.79, P = 0.07). The difference was not
statistically significant. Subgroup analysis revealed that DF
was beneficial to diarrhea in non-critically ill patients but
uncertain in critically ill patients. Critically ill patients were
apt to complicate severe hypoalbuminemia and superinfection,
which could lead to refractory diarrhea[34,35]. In the review,
diarrhea occurred in 34.78% of critically ill patients, far
higher than that in the non-critical patients (20.69%).
Diarrhea diagnosis is lack of objective criteria. Three trials
in the review adopted Hatt and Dobb diarrhea score, which
records defecation by volume and consistency. Diarrhea was
defined as the scores more than 12. This score was convenient
to compare different trials.
High attention has been paid to intestinal bacterial translocation leading to a considerable amount of infections. A
series of animal experiments suggested that DF could effectively
reduce the intestinal bacterial translocation in stress status[36].
The mechanism remains unclear. DF is able to maintain the
structure and function of epithelia, regulate immunological
reactions, promote secretion of IgA and mucus, all these
may play a role in diarrhea[37-39]. Administration of DF can
reduce the infection theoretically. However, analysis of the
seven trials failed to show the anticipated results (combined
OR 0.44, P = 0.05). The review suggests that DF could
significantly shorten the length of hospital stay of patients
who had undergone liver transplantation or abdominal surgery.
There is little evidence from these trials that DF is beneficial
to diarrhea and infection of critically ill patients. It is necessary
to design more large size and high-quality randomized
controlled trials. The effect of DF on a variety of patients
should also be further studied.
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Abstract
AIM: To introduce the American Pittsburgh’s method of
rapid liver procurement under the condition of brain death
and factors influencing the quality of donor liver.
METHODS: To analyze 32 cases of allograft liver procurement
retrospectively and observe the clinical outcome of orthotopic
liver transplantation.
RESULTS: Average age of donors was 38.24±12.78 years,
with a male:female ratio of 23:9. The causes of brain
death included 21 cases of trauma (65.63%) and nine
cases of cerebrovascular accident (28.13%). Fourteen
grafts (43.75%) had hepatic arterial anomalies, seven
cases only right hepatic arterial anomalies (21.88%), five
cases only left hepatic arterial anomalies (15.63%) and
two cases of both right and left hepatic arterial anomalies
(6.25%) among them. Eight cases (57.14%) of hepatic
arterial anomalies required arterial reconstruction prior
to transplantation. Of the 32 grafts evaluated for early
function, 27 (84.38%) functioned well, whereas three
(9.38%) functioned poorly and two (6.25%) failed to
function at all. Only one recipient died after transplantation
and thirty-one recipients recovered. Four recipients needed
retransplantation. The variables associated with less
than optimal function of the graft consisted of donor age
(35.6±12.9 years vs 54.1±4.3 years, P<0.05), duration
of donor’s stay in the intensive care unit (ICU) (3.5±2.4 d
vs 7.4±2.1 d, P<0.005), abnormal graft appearance
(19.0% vs 100%, P<0.05), and such recipient problems
as vascular thromboses during or immediately following
transplantation (89.3% vs 50.0%, P<0.005).
CONCLUSION: During liver procurement, complete
heparization, perfusion in situ with localized low temperature
and standard technique procedures are the basis ensuring
the quality of the graft. The hepatic arterial anomalies
should be taken care of to avoid injury. The donor age,
duration of donor’s staying in ICU, abnormal graft appearance
and recipient problem are important factors influencing
the quality of the liver graft.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Enormous progress including surgical techniques has been
achieved since the first orthotopic liver transplantation
(OLTx) was performed in humans in 1963 and OLTx has
established its role as a therapeutic option for patients with
end-stage liver disease. Primary graft nonfunction (PGN)
remains a dreadful complication of OLTx, one that is
associated with a high mortality and morbidity, and therefore
liver allograft with good function is the most important point
for ensuring the success of liver transplantation. A single
donor surgeon’s experience procuring the livers from 32
donors in Pittsburgh Transplant Center is analyzed in order
to identify the role of a number of variables pertinent to
the clinical outcome of OLTx.
MA
TERIALS AND METHODS
MATERIALS
Donor data
The author performed 32 allograft hepatectomies at the
University of Pittsburgh Transplant Center. All donors were
brain dead and the age of the donors varied from 12 to
63 years with the average of 38.24±12.78 years. Among
them, there were 23 male donors and 9 female donors.
Table 1 lists the causes of death of the donors.

Table 1 Causes of brain death among 32 liver donors
Cause
Trauma
Motor vehicle accident
Gunshot wound
Fall
Other
Cerebrovascular accident
Cerebral infarct
Subarachnoid hemorrhage
Others
Total

n (%)
21 (65.63)
16
1
2
2
9 (28.13)
6
3
2 (6.24)
32 (100)

Donor selection criteria
In general, donors were selected who were less than 65 years
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of age, had no history of liver disease such as hepatitis or
alcoholism, and a total serum bilirubin less than 34 µmol/L,
normal or near-normal alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase
(AKP), γ-glutathione transferase (γ-GT) and prothrombin
time (PT), and adequate arterial blood gas. Elevations of
ALT, AST, AKP and γ-GT, with a tendency to decline, were
not regarded as a contraindication for donation of the liver.
Donor maintenance
Donors were fluid-resuscitated once they had been pronounced
brain dead in order to maintain a central venous pressure
of 8-10 cm H2O and urine output over 1 mL/(kg h) as a
guide. For donors receiving vasopressin for diabetes
insipidus, the vasopressin was discontinued as soon as
possible to avoid liver ischemia secondary to a decreased
splanchnic blood flow. Urine output was replaced vigorously
with intravenous fluids, usually one-half or quarter normal
saline solution with potassium chloride. Electrolytes were
checked frequently, especially to correct hypokalemia.
Normothermia was maintained with a thermoblanket.
Blood was transfused to maintain the hematocrit above 30%
in order to maintain adequate oxygen delivery to the tissues.
Operative technique
The technique of allograft hepatectomy involved both rapid
perfusion and modified rapid perfusion[1-3]. Rapid perfusion
technique is as follows. Briefly, both the terminal aorta and
the inferior mesenteric vein were dissected to insert aortic
and portal perfusion cannulae. The supraceliac abdominal
aorta was encircled and crossclamped. Following cardiectomy,
dissection of liver hilum was performed in a bloodless
field [4,5]. Following identification of whether or not an
aberrant right hepatic artery (HA) originating from superior
mesenteric artery (SMA) in the retropancreatic portion, the
right side of the SMA was dissected toward the aorta. A
Carrel patch of aorta was excised, with care not to injure
the origin of the renal arteries. This has been our preferred
method of hepatectomy in unstable donors, or in cases of
extreme urgency when the recipient is in fulminant liver
failure due to fulminant hepatitis or graft nonfunction
following OLTx. Modified rapid perfusion technique differs
from the rapid perfusion technique in that dissection of
the liver hilum occurs prior to crossclamping of the aorta
and cannulation of the distal splenic vein with a larger caliber
catheter for a quicker portal perfusion. This preliminary
dissection allows more selective and rapid cooling of the
liver than does the rapid perfusion technique. These
additional preparatory steps required 30-45 min. This
technique has been our choice for stable donors and for
donors whose livers are of a questionable quality. During
the preparatory dissection, changes in the color or consistency
of the allograft were observed in response to diuresis, or
better oxygenation.
Technique of vascular reconstruction for arterial anomalies
Arterial reconstruction of the liver graft is required prior
to transplantation and is very pivotal if a common arterial
channel is absent due to an anomaly. The most common
arterial anomaly requiring reconstruction was the aberrant
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right HA arising from the SMA, for which an end-to-end
anastomosis was performed between the distal donor splenic
artery and the proximal aberrant right HA. This was achieved
with a Carrel patch of the SMA, obviating a small caliber
anastomosis [6]. Care was taken to avoid an inadvertent
anastomosis with rotation. The continuous suture technique
with 8-0 monofilament polypropylene (Prolene) was used
for the reconstruction. Just before the sutures were tied,
the reconstructed HA was allowed to distend by pulsatile
infusion of cold solution. With the application of “growth
factor” principle to the ex vivo condition, this method
facilitated migration of Prolene sutures into the anastomosis
and allowed secure anastomosis without leakage or stricture.
Classification of early graft function
Early graft function was divided into four grades as good,
fair, poor and PGN. Good meant AST<1 500 IU/L, ALT
<1 000 IU/L and fresh frozen plasma (FFP) was not
necessary. Fair meant AST 1 500-3 500 IU/L, ALT 1 0002 500 IU/L and FFP was not required. Poor meant AST>
3 500 IU/L, ALT>2 500 IU/L and FFP was required.
PGN was defined as the inability of graft to sustain the
metabolic homeostasis of the recipient during the first
postoperative week, presenting with the clinical manifestations
of grade III or IV coma, coagulopathy with prothrombin
time over 20 s, high ALT and AST values, renal failure, and
progressive or persistent hyperbilirubinemia, resulting in
retransplantation of the graft or death of the recipient.
Statistical analysis
Student’s t and χ2 tests were used for the statistical evaluation
of the data.

RESUL
TS
RESULTS
Vascular anomalies
Table 2 lists the incidence of hepatic arterial anomalies and
various methods of arterial reconstruction. Hepatic arterial
anomalies were present in 14 grafts (43.75%): the aberrant
right HA in seven (21.88%), the aberrant left HA in five
(15.63%), and both aberrant right and left hepatic arteries
in two grafts (6.25%). Of these, eight grafts (57.14%)
required vascular reconstruction at the back table in order
to construct a common arterial channel, and one of the
anastomoses constructed at the back table required the
revision due to rotation.
Table 2 Vascular reconstruction for hepatic arterial anomalies
Anomaly
Aberrant RHA
From SMA
From aorta
Aberrant LHA
From CA
From aorta
Aberrant RHA and LHA
RHA from SMA
LHA from CA
Total

n (%)
7 (21.88)
6
1
5 (15.63)
3
2
2 (6.25)
1
1
14 (43.75)

Method of reconstruction (n)

Donor SpA to aberrant RHA (4)
Donor SpA to aberrant RHA (1)

Donor SpA to PHA (1)
Donor SpA to RHA (1)
CA to distal SMA (1)

RHA: right hepatic artery; SMA: superior mesenteric artery; SpA: splenic artery;
LHA: left hepatic artery; CA: celiac axis, PHA: proper hepatic artery.
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Injury of hepatic artery
A total of four complications (6.25%) occurred during or
after allograft hepatectomy due to aberrant HA: inadvertent
transection of the aberrant right HA, once originating
directly from the aorta and once from the left side of the
SMA. The transected aberrant right hepatic arteries were
reconstructed using end-to-end anastomosis with the donor
splenic artery with interrupted 8-0 Prolene sutures. Overall,
none of the complications affected the outcome of the
liver or other organ recipients.
Early graft function
Table 3 lists the early graft function of the 32 allografts
after OLTx. Graft function was good or fair in 25 out of
28 (89.3%) of the grafts without recipient problems,
whereas as many as two out of four (50%) of the grafts
with recipient problems during or immediately following
OLTx exhibited poor or nonfunction (P<0.005; χ2 = 12.96).
This was due to HA thrombosis and multi-organ failure
and meanwhile HA thrombosis was caused not by HA
anomaly during allograft procurement but by HA
reconstruction. Table 4 shows the correlation between the
donor or graft variables and the early graft function of the
28 grafts that survived the operation and did not develop
the aforementioned recipient complications during or

Table 3 Early graft function after orthotopic liver transplantation
Early graft function
Good

Number of recipient problems
No (%)

Yes1 (%)

Total (%)

1 (25)

22 (68.75)

21 (75)

Fair

4 (14.29)

1 (25)

5 (14.29)

Poor

2 (7.14)

1 (25)

3 (9.38)

PGN

1 (3.57)

1 (25)

2 (6.25)

Total

28 (100)

4 (100)

32 (100)

1

Including hepatic artery thrombosis in one patient, intraoperative incidence
from severe hemorrhage in two patients, and multi-organ failure in one patient.

Table 4 Correlation between donor or graft variables and early
graft function
Variable

Good (n = 21)

Fair (n = 4)

Poor (n = 2)

Age (yr)

54.1±4.3

35.6±12.9

43.5±13.8

Sex ( M:F )

15:6

2:2

AST(IU/L)

76.4±23.6

ALT(IU/L)

43.2±26.1

T. Bil (µmol/L)

PGN (n = 1)
63

2:0

1:0

63.3±37.1

89.2±42.1

151

69.8±34.9

68.1±31.2

78.1

12.5±3.4

14.5±7.4

11.8±7.9

20.5

PT(s)

15.2±1.4

14.8±1.2

14.2±1.6

15.5

CPR

4 (19.0%)

2 (50%)

ICU stay (d)
High dose

3.5±2.4

6.2±3.3

7.4±2.1

12

8 (38.1%)

2 (50%)

1 (50%)

0

4 (19.0%)

1 (25%)

2 (100%)

1 (100%)

379±128

421±183

389±214

402±103

vasopressors
Abnormal
graft appearance
CIT (min)

CIT: cold ischemia time; T. Bil: total bilirubin; CPR: cardiopulmonary resuscitation.

immediately following OLTx. A statistically significant
difference was noticed in the duration of patient’s stay in
ICU, requirement of cardiopulmonary resuscitation and
the presence of abnormal graft appearance (P<0.05).The
donors of grafts with fair or poor function stayed in ICU
longer than those with good function (P<0.005), and the
grafts with abnormal appearance were associated with a
higher incidence of fair or poor graft function in recipients
(P<0.05; χ 2 = 6.21). The donors of graft with poor or
nonfunction were significantly older than those with good
or fair function and there was no significant difference
between good and fair groups. On the other hand, no
definitive correlation with early graft function was observed
in sex, results of liver function tests, infusion of high-dose
vasopressors and cold ischemia time.
Recipient survival
Of the 32 patients who received liver allografts, 27 patients
recovered and remained alive and well after first liver
transplantation, four patients needed retransplantation and
all were discharged. One patient died of multi-organ failure
in one month after transplantation due to primary graft
nonfunction.

DISCUSSION
Early graft function is very closely associated with donor
age, duration of patient’s stay in ICU and the presence of
abnormal graft appearance. The effect of increased donor
age on the outcome of OLTx remains controversial [7,8].
Previously the upper limit of donor age was 50 years. As
gradual accumulation of experience of clinical OLTx, now
some transplant centers elevate the upper limit of donor
age to 65 years. But we suggest that the donor age should
be limited to below 60 years, or allograft dysfunction or
non-function would easily appear and increase mortality[9].
When the appearance of the liver has changes in color,
blunt edge and anomalous nodulae, it is necessary for frozen
pathological examination before transplantation. Steatosis
is the most important cause of PGN. The comparatively
simple differentiating method is that white four-by being
put into the container will turn into pale yellowish after
several minutes and this will suggest that the degree of fat
infiltrating liver tissue will be over 30%, however, pathological
examination to evaluate the degree of fatty infiltration is
the most reliable method. As to the hemodynamic stability
of the donor, hypotension or the requirement of high-dose
dopamine has been associated with nonfunction or delayed
function, respectively. Although no obvious harmful effects
of cardiopulmonary resuscitation on the early function of
the liver allograft were demonstrated in this study,
suboptimal perfusion of the liver and warm ischemic injury
were strongly suggested. As to the abnormal appearance
of the graft, little is known about the correlation between
gross appearance and quality of the graft. Livers from
donors with diabetes insipidus, who have been on vasopressin
for a prolonged period of time, are often firm and suggest
the presence of ischemic injury and liver allograft will be
harder to touch. Since the use of vasopressin has been
associated with a marked reduction in the blood flow to the
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liver, donors scheduled for liver procurement should stop
vasopressin as soon as possible in order to minimize ischemic
damage. Overhydration can distend the liver by an increase
in central venous pressure and give a false impression as to
the consistency of the liver. If the liver is distended from
overhydration, the administration of intravenous diuretics
can be used immediately.
As far as now, there have been two methods for
procurement of liver allografts including aortic perfusion
only (APO)[10] and aortic and portal perfusion (APP). Due
to shortage of donors, most American transplantation
centers adopt multi-organ procurement, which means APO
is the sole choice. The experience of Pittsburgh is that APO
has no harm to allograft liver and its advantage is simple
surgical procedure compared with APP [11], meanwhile,
superior mesenteric vein need not be exposed and therefore
it reduces the separation and division of tissue. If RHA
originates from superior mesenteric artery, the unexposition
of superior mesenteric vein might avoid injuring aberrant
right hepatic artery and ischemic injury of splenic organ
due to arterial spasm by surgical procedure[12-14].
The aberrant hepatic artery is very common; the aberrant
rate was as high as 43.75% in our group. The right hepatic
artery originating from SMA is the most common[15]. In
order to avoid injuring hepatic artery, it is very important
to decide by touch whether or not there are pulses behind
hepatoduodenal ligament before the abdominal aorta is
clamped in the process of procurement of allograft liver.
Even if there is no pulse, it could not exclude aberrant
right hepatic artery. So routinary division of the right side
of SMA can often protect aberrant right hepatic artery
before dissection of hepatoduodenal ligament. Once there
exist the injuries of aberrant hepatic arteries, several aspects
should be noticed in the process of the reconstruction of
hepatic arteries as follows: (1) the inner membrane of
hepatic artery should not be dragged; (2) it is achieved with
Carrel patch of the SMA to obviate a small caliber
anastomosis; (3) whether the continuous suture will be used
depends on operator’s mastering of the technique of
vascular anastomosis; (4) just before the sutures were tied,
the reconstructed HA was allowed to distend by pulsatile
infusion of cold solution while the distal HA was occluded
digitally and such method can identify whether the
reconstructed anastomosis has leakage and stricture, or
thrombosis of HA will occur which could cause biliary tract
complication[16-19].
Although division of third hepatic hilum caused severe
bleeding for two recipients in our group, this would not
affect the early function of allograft liver. Hepatic artery
thrombosis and multi-organ failure in earlier stage after
transplantation caused poor and non-function for another
two patients. Pittsburgh Transplant Center adopts the
anastomosis between hepatic artery at the level of
gastroduodenal artery in recipient and hepatic artery in donor,
hepatic artery thrombosis in earlier stage after transplantation
is associated with the technique of anastomosis. The simple
differentiating method is to observe the pulse of hepatic
artery after anastomosis, Doppler for hepatic artery the
first day after liver transplantation is the optimal for finding
thrombosis as soon as possible. Multi-organ failure often
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accompanies the instability of systemic hemodynamics and
the liver is much easier to be affected by ischemic-reperfusion
injury, while the injury of the liver also worsens the multiorgan failure and this pernicious recycle can cause patients
to die.
For the assessment of allograft viability in clinical OLTx,
there is, to date, no practical and simple technique available
that is discriminately predictive of allograft function before
the actual transplant procedure. Primary graft non-function
remains a major cause of mortality, and although the
shortage of donor organs remains a major limiting factor
in clinical liver transplantation[20], still we should have a
careful attitude toward the choice of liver allograft and
take into serious account several predictive factors. If so,
better therapeutic effect will be achieved.
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Abstract
AIM: To study the levels of 5-fluorouracail (5-FU) in plasma,
liver and tumor in patients with hepatocellular carcinoma
after oral administration of 5’-deoxy-5-fluorouridine (5’DFUR).
METHODS: Thirty-nine patients with hepatocellular
carcinoma were treated with oral 5’-DFUR for more than
4 d before operation. The contents of 5-FU in plasma,
liver and tumor were measured by high performance liquid
chromatography (HPLC) and apoptosis of tumor cells was
evaluated by in-situ TUNEL after resection of tumor.
RESULTS: The concentrations of 5-FU were 1.1 µg/mL,
5.6, 5.9, and 10.5 µg/g in plasma, the liver tissue, the
center of tumor and the periphery of tumor, respectively.
5-FU concentration was significantly higher in the periphery
of tumor than that in the liver tissue and the center of
tumor (10.5±1.6 µg/g vs 5.6±0.8 µg/g, t = 21.38, P<0.05;
10.5±1.6 µg/g vs 5.9±0.9 µg/g, t = 20.07, P<0.05). 5-FU
level was significantly lower in plasma than that in the liver
and the tumor (1.1±0.3 µg/mL vs 5.6±0.8 µg/g, t = 19.63,
P<0.05; 1.1±0.3 µg/mL vs 10.5±1.6 µg/g, t = 41.01, P<0.05).
Apoptosis of tumor cells was significantly increased after
oral 5’-DFUR compared to the control group without 5’-DFUR
treatment.
CONCLUSION: There is a higher concentration of 5-FU
distributed in the tumor compared with liver tissue and
apoptosis of tumor cells is increased following oral 5’DFUR compared with the control group. The results indicate
that 5’-DFUR is hopeful as neo-adjuvant chemotherapy
to prevent recurrence after resection of hepatocellular
carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) remains one of the most
common neoplasms in the world[1,2]. 5’-Deoxy-5-fluorouridine
(5’-DFUR) is an oral fluoropyrimidine derivative and it is
converted to 5-fluorouracil (5-FU) by Pyrimidine nucleoside
phosphorylase (PyNPase) which is expressed with higher
level in tumor tissues compared with normal tissues[3,4]. Oral
5-FU derivatives have shown comparable antitumor activity
and long-term oral administration of low-dose has been
considered as postoperative adjuvant chemotherapy after
curative resection of the cancer to reduce recurrence and
improve survival rate[5-9]. The selective antitumor activity
of 5’DFUR is correlated with PyNPase activity in tumor[10].
Although the activity of 5-FU in tumor is well recognized,
resistance to this agent is frequently observed and remains
its major limitation. It was reported that doxifluridine still
showed antitumor activity to tumor cells which were resistant
to 5-FU[11].
The purpose of the present study was to investigate the
impact of preoperative oral 5’-DFUR on distribution of
5-FU in plasma, liver and tumor and apoptosis of tumor
cells in patients with hepatocellular carcinoma.
MA
TERIALS AND METHODS
MATERIALS
Chemicals and reagents
5’-DFUR capsule (Furtulon) was produced by Shanghai
Roche Pharmaceuticals Co. (Shanghai, China), and standard
5-FU was provided by Sigma Chemicals Co. (USA). Methyltert butyl ether, acetonitrile, methanol (HPLC grade) and
potassium hydrogen phosphate (AR grade) were purchased
from Peking Chemical Plant (Beijing, China).
Chromatographic conditions
HPLC system consisted of LC-10AT HPLC pump and
SPD-10A Detector (SHIMADZU Co. Japan). The analytical
column was Kromasil C18 (5 µm 200 mm×4.6 mm ID).
The mobile phase consisted of acetonitrile, methanol, and
0.25 mol/L potassium hydrogen phosphate (1:4:5). The
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flow rate was 1.0 mL/min and the wavelength was at 265 nm.
Collection of samples
Thirty-nine patients of 27 male and 12 female with hepatocellular
carcinoma were included in this study. Their average age
was 49.1 years and the diamters of tumors were from 5 to
7 cm. 5’-DFUR was administered orally and preoperatively
(1 200 daily for more than 4 d before operation and
400 mg on the day of operation). The mean total dosage
was 6.4 g. Blood sample and specimens of the normal liver
tissue and the tumor tissue were collected 3-5 h after final
administration. The liver and tumor tissues were cleaned
by distilled water and blotted by filter paper. One gram
tissue was weighed accurately and 4 mL distilled water was
added to the container to crush the tissue. The blood samples
and the crushed tissues were centrifuged, and 1 mL plasma
or aqueous layer sample was then stored under -20 .
Extraction and determination of samples
Each 0.5 mL plasma or aqueous layer sample was added
and mixed with 0.1 mL of potassium hydrogen phosphate
(0.5 mol/L), followed by the addition of 5 mL methyl-tert
butyl ether to each tube. The tube was then capped and shaken
for 10 min on a shaker. The aqueous layer and the organic
layer were separated by centrifugation at 3 000 r/min for
10 min. The aqueous layer was transferred to a clean test
tube and evaporated to dryness under gentle stream of
nitrogen at 50 . The residue was dissolved with 0.1 mL
of mobile phase and vortexed. Then the sample was
transferred into a micro-spin filter tube and was centrifuged
at 3 000 r/min for 10 min. The filtrate was collected and
the injection volume was 20 µL and the content of 5-FU
was measured by high performance liquid chromatography
(HPLC)[12-14].
In vivo detection of apoptosis
TUNEL staining was used to detect DNA degradation in situ
in the relatively late stage of apoptosis. Apoptotic cells were
labeled by the TUNEL reaction using an in situ Cell
Apoptosis Detection Kit. In situ Cell Apoptosis Detection
Kits were purchased from Roche Diagnostics GmbH Co.
in Germany. The detailed manipulation was conducted
according to instructions for users. The procedure was
performed following the instructions of the manufacturer
and in reference of the previous observations[15,16].
The positive cells were identified and analyzed based on
morphological characteristics of apoptotic cells as previously
described. Under the fluorescence microscopy, apoptotic
cells manifested as brownish staining in the nuclei. Nonnecrotic zone was selected in the tissue section and images
were randomly selected. The positive cells were determined
in at least five areas at ×400 magnification and divided into
three categories as follows: (+) only sporadic positive cells
were detected; (++) a cluster of apoptotic cells were
observed; (+++) positive cells in a large scale or multicluster apoptotic cells were seen in representative tissue
sections of each individual case. Twenty patients of HCC
without oral 5’-DFUR treatment were included as the
control group.
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Statistical analysis
The data were expressed as mean±SD. Student’s t-test was
performed for statistical analysis. P value less than 0.05
was considered statistically significant.

RESUL
TS
RESULTS
Concentration of 5-FU in plasma, liver and tumor following
oral administration of 5’-DFUR
The concentrations of 5-FU were 1.1 µg/mL, 5.6, 5.9, and
10.5 µg/g in plasma, the liver tissue, the center of tumor
and the periphery of tumor, respectively. The 5-FU content
was significantly higher in the periphery of tumor than that
in the liver tissue and the center of tumor (P<0.05). Moreover,
the 5-FU concentration was significantly lower in plasma
than liver and tumor (P<0.05). However, the 5-FU level in
the center of tumor was similar to that in the liver tissue
(Table 1).

Table 1 5-FU concentrations in blood, liver and tumor after oral
5’-DFUR
Tissue

Level of 5-FU

Plasma (µg/mL)

1.1±0.3a

Liver tissue (µg/g)
Central tissue of tumor (µg/g)

5.6±0.8
5.9±0.9
10.5±1.6a

Periphery tissue of tumor (µg/g)
a

P<0.05 vs 5-FU concentration in liver tissue.

Apoptosis of the tumor cell demonstrated by TUNEL
Under the fluorescence microscope, apoptotic cells manifested
as brownish staining in the nuclei. The degree of apoptosis
was shown + in tissue sections of the control group in which
sporadic positive cells were detected, and ++ in cases with
oral 5’-DFUR in which clusters of apoptotic cells were seen
(Figures 1A and B).

A

B

Figure 1 Apoptotic cancer cells detected by TUNEL method after oral
administration of 5’-DFUR ×400. A: Sporadic apoptotic cells were detected; B:
clusters of apoptotic cells were detected.

DISCUSSION
It is well known that hepatocellular carcinoma is one of the
malignant tumors with poor chemosensitivity to anticancer
agents[17,18]. 5-FU is still the first choice for the chemotherapy
of hepatocellular carcinoma[19,20], because of its strong killing
effects on the cancer cells. 5-FU can damage proliferating
cells, reduce the tumor mass in size and prevent tumor
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cells from spreading and metastasis. However, its usage is
limited due to the rapid development of acquired resistance.
The effects of 5-FU are not so satisfactory because 5-FU
has a lower concentration in tumor tissue and relatively
higher concentrations in blood after intravenous administration
of 5-FU. Moreover, its side effects are serious and many
patients are unable to tolerate.
5’-DFUR is a prodrug of 5-FU and it is converted to
5-FU by Pyrimidine nucleoside phosphorylase (PyNPase).
PyNPase exists in all kinds of tumor tissues and its expression
and activity in tumor tissue are higher than that in normal
tissue[3,4]. Nagata et al.[21-24] reported that transfection of
PyNPase gene into tumor cell can increase the sensitivity to
5’-DFUR, and thereby decreases the toxicity of the agent.
In our study, it had been found that 5-FU level in tumor
was 10 times higher than in plasma and 5-FU level was
significantly higher in the periphery of tumor than in the
liver tissue. The results suggested that more 5-FU was
converted and accumulated within tumor tissue. This
difference may be related to the higher PyNPase expression
and activity in hepatocellular carcinoma. It had also been
found that the 5-FU level was significantly higher in the
periphery of tumor than the center of tumor. There was
more 5-FU accumulated and converted in the periphery of
tumor following oral 5’-DFUR administration. Oxygen,
nutrition and growth factors were not equally distributed
within the tumor tissue. Oxygen and nutrient of the central
tumor tissue are supplied mainly by hepatic artery, and
proliferation of the tumor in this region is slower and even
partial necrosis appears. However, the periphery of tumor
has effluent blood flow supplied by hepatic artery and portal
vein, so the tumor cells can grow more rapidly. These results
may indicate that large liver tumor is not sensitive to 5’DFUR.
Oral 5’-DFUR is very convenient and its side effect is
slight[25]. The drug arrives in the liver firstly after being
absorbed by the intestine. So most of 5’-DFUR can be
converted to 5-FU in the liver or the liver tumor and
accumulated in these tissues with higher concentration than
that administered by iv approach. In this study, the 5-FU
level in peripheral vein was only one-tenth of that in tumor
tissue. 5-FU can be maintained at a certain level within the
tumor tissue but not accumulated in the peripheral vein
after regular oral administration of 5’-DFUR.
The expression and activity of PyNPase is higher in
the tumor with vascular permeation and lymph node
metastasis[4,26,27]. Akao et al.[28], reported that PyNPase activity
was significantly higher in metastatic lymph node. Tazawa
et al.[29], found that 5’-DFUR could inhibit hepatic metastasis
of tumor, which would be effective for the prophylactic
treatment of metastatic disease. These indicate that PyNPase
activity appears to be a new useful parameter for identifying
both a poor prognosis and a highly malignant potential of
tumor and 5’-DFUR is preferably sensitive in cancer patients
with lymph node metastasis and vascular infiltration. 5DFUR is still effective to the tumor which is resistant to 5FU therapy[11]. Monden et al.[30], found that vessel density
and stage of tumor were correlated with expression of
PyNPase which showed prognosis. 5-DFUR not only is
effective on primary tumor and metastatic lesion but also
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suitable to postoperative prevention of tumor. Apoptosis
of the tumor was enhanced after oral administration of 5’DFUR. In this study, it was found that there were more
apoptosis cells in the tumor after oral administration of 5’DFUR.
In summary, our results showed that there was a higher
concentration of 5-FU accumulated in the tumor tissue
compared with liver tissue and apoptosis of the tumor cells
was increased after oral administration of 5’-DFUR. 5’DFUR is a hopeful agent for neo-adjuvant chemotherapy
to prevent recurrence after resection of hepatocellular
carcinoma.
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Abstract
AIM: To examine the prevalence and prognostic significance
of C-kit gene mutation and analysis the correlation of Ckit gene mutation and the clinicalpathologic parameters
of GISTs.
METHODS: Eighty-two GISTs were studied for the
mutation of C-kit gene by PCR-SSCP, DNA sequence.
Statistical comparison were used to analysis the
correlation of C-kit gene mutation and clinicalpathology,
clinical behavior, recurrence.
RESULTS: (1) Mutation-positive and mutation-negative
GISTs were 34 and 48,respectively; (2) Among these
patients with C-kit mutation remained a significantly poor
prognosis associated with 59% 3-year survival compared
to those whose tumors did not; (3) Tumor size, PCNA
index, mitotic cell number, presence of necrosis, microscopic
invasion to adjacent tissues, recurrence and distant
metastasis among mutation-positive and mutation-negative
GISTs were significantly different.
CONCLUSION: C-kit mutation is a undoubtedly pivotal
event in GIST and may be associated with poor prognosis.
Evaluation of C-kit gene mutation may have both prognosis
and therapeutic significances.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastrointestinal stromal tumor (GIST) is designation for a
major subset of mesenchymal tumors of the gastrointestinal
tract. Their biological behavior is a persistent source of
controversy. Concerning prognosis ,various studies[1-3] have
endeavored in the establishment of clinicopathologic
correlations, such as tumor size, location, mitotic cell count,
proliferative activity, presence of necrosis, presence of
hemorrhage, microscopic invasion to adjacent tissues,
recurrence, distant metastasis, age, sex, cell type. Yet the
criteria claimed to predict the biological behavior of GIST
remains vague and do not even enable a confident
discrimination between benign and malignant lesions.
Discrimination of malignant GISTs based on an objectively
defined factor would be of practical importance. In this
study, we intend to contribute to this issue by examining the
prevalence and prognostic significance of the abovementioned parameters, C-kit expression and C-kit gene
mutation, and analysis the correlation of C-kit gene mutation
and the above-mentioned clinical parameters.
MA
TERIALS AND METHODS
MATERIALS
Patients
During the period 1997-2001, 82 patients with primary
mesenchymal tumors of the gastrointestinal tract underwent
surgery at Changhai Hospital and were diagnosed as GISTs.
Of these, 56 men and 26 women, the mean age of the
GIST patients at the time of diagnosis was 53 years. The
locations of the tumors were as follows: 3 in the esophagus,
42 in the stomach, 35 in the intestine, and 2 in the mesentery.
According to the standard of Lewin’s [4], 82 cases were
divided into 2 groups, 20 benign and 62 malignant GISTs.
At the time of diagnosis, 16 were found microscopic invasion
to mucous myometrium or placenta percreta, distant
metastasis was found in 16 patients, 9 to the liver, 2 to
bone, 1 to lung and 4 extensive metastasis; the remaining
patients were free of distant metastasis. Thus ,curative
surgery was performed for 73 patients, and the patients
with distant metastasis or peritoneal dissemination
underwent only local resection. The mean follow-up period
was 4.1 years, during the follow-up period, 18 patients
suffered from recurrences, and 10 patients received
reoperation for recurrences.
Immuohistochemistry
Paraffin sections (3 mm thick) of formalin-fixed tissues
were used for conventional H&E staining and for
immunohistochemistry. Rabbit polyclonal antibody against
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PCR-SSCP
DNA was extracted from formalin-fixed, paraffin-embedded
tissues using standard methods with proteinase K digested
and phenol/chloroform purified. Exon11 of the C-kit gene
was amplified by PCR using the following oligonucleotide
primer pairs: sense primer 5’-aactcagcctgtttctg g-3’antisense primer: 5’-gatctatttttccctttctc-3’. PCR products
were subjected to 8% non-denaturation polyacrylamide gel
electrophoresis (aer:bis = 49:1) with 5% glycerin and silver
nitrate staining.
DNA sequencing
PCR products that showed abnormal gel shift by PCR-SSCP
were selected for sequencing after cloned into PMD18-T
vector. The sequencing procedures were performed by
Songon Co., Shanghai.

GISTs showed abnormal gel shifts while no mutant bands
were observed in benign GISTs. Abnormal gel shifts included
multiple shift bands, monomorphic fragment or band shifting.
Sequencing of abnormal bands revealed point mutation,
deletion mutation and insertion deletion. Mutation-positive
and mutation-negative GISTs were 34 and 48, respectively.
Survival analysis
Three-year survival rate was 77%(63/82) of 82 cases. Among
these patients with C-kit mutation remained a significantly
poor prognosis associated with 59% 3-year survival
compared to those whose tumors did not. (χ2 = 11.6464,
P<0.05, Figure 1).
C-kit gene mutation

1.0
Cumulative survival rate

human KIT and mouse monoclonal antibody against human
PCNA were purchased from DAKO. Immunohistochemistry
was performed using EnVision kit by two-step technique.
PCNA index indicating the percentage of positive tumor
nuclei was obtained by visual quantitative assessment of
100 tumor cells. Random fields were selected, excluding
areas with excessive or scant immunostaining. Nuclear
staining without cytoplasmic staining was considered a
positive result. Negative result was set as “-”, PCNA index
<10% +, PCNA index 10%-30%++, >30% +++.
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Figure 1 C-kit gene mutation and cumulative survival rate.

Statistical analysis
Eighty-two GISTs were divided into mutation-positive and
mutation-negative subtypes according to C-kit gene detection.
χ2 test was used to analyze the correlation of C-kit mutation
and clinicopathological and prognostic factors. Two-sided
P<0.05 were considered to represent statistical significance.
The relative importance of various prognostic factors for
the postoperative was analyzed with Cox’s proportional
hazard model. Logistic regression analysis with the forward
stepwise method was used to compare the difference of
survival curves between the C-kit mutation-positive and
mutation-negative subtypes. The possible prognostic factors
included age, sex, location of tumors, tumor size, cell type,
microscopic invasion to neighboring structures, mitotic cell
number, PCNA index, distant metastasis at the time of
diagnosis, peritoneal dissemination at the time of surgery,
recurrences during the follow-up period, presence of necrosis,
presence of hemorrhage, presence of C-kit mutation and
expression.

RESUL
TS
RESULTS
Immunohistochemistry
Immunohistochemical analyses revealed strong and diffuse
C-kit expression in 80 of 82 cases. PCNA staining intensity
varied from very weak to intensely strong and from finely
granular to uniformly dark red-brown (Table 1).
Evaluation of mutations in exon11 of C-kit gene
Two alleles were observed for the normal PCR segments,
fast and slow fragments were designated as A and B alleles,
respectively. Comparing to normal cases, 34 (41.5%) malignant

The relationship of C-kit mutation and clinicopathological
marker
We examined whether the presence of C-kit mutation could
be associated with clinicopathological features of GISTs
(Table 1).Statistical analysis indicated that significant
differences were detected with tumor size (χ2 = 16.7950,
P<0.05), PCNA index (χ2 = 17.0990, P<0.05), mitotic cell
number (χ 2 = 11.2327, P<0.05), presence of necrosis
(χ 2 = 4.4036, P<0.05), microscopic invasion to adjacent
tissues (χ2 = 22.3912, P<0.05) between two terms. The age,
sex, location of tumor, cell type, the presence of hemorrhage,
and C-kit expression were independently related to the
presence of C-kit mutation.
The correlation between C-kit mutation and prognostic factors
We also examined whether the presence of C-kit mutation
was associated with the clinical outcome (Table 2). The
mutation-positive GISTs showed more frequent recurrences
(χ2 = 16.333, P<0.05), distant metastasis (χ2 = 12.9649,
P<0.05) and higher mortality (χ 2 = 11.6464, P<0.05) than
the mutation-negative GISTs. Of the patients with mutationpositive GIST ,developed distant metastasis.

DISCUSSION
GISTs are the most common mesenchymal tumors of the
human gastrointestinal tract which are enigmatic in terms
of their line of differentiation or cell of origin and clinical
behavior[5]. Recently, many studies have shown that tumor
size, location, mitotic cell count, cell type, proliferative
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Table 1 Relationship of C-kit mutation and clinicopathological marker
Clinicalpathological
Total

Total
82

C-kit
Case

C-kit
Percent

34

Case

χ2

Percent

P

48

Age (yr)
<40

12

5

15

7

15%

40

70

29

85

41

85%

Man

56

24

71

32

67%

Woman

26

10

29

16

33%

0.0002

0.9877

0.1413

0.7069

16.7950

<0.0001

7.5243

0.0569

0.8272

0.3631

17.0990

0.0007

11.2327

0.00008

Sex

Tumor size
1-5.4

46

10

29

36

75%

5.5

36

24

71

12

25%

Location of tumors
Esophagus

3

0

0

3

6%

Stomach

42

14

41

28

58%

Intestine

35

18

53

17

36%

2

2

6

0

0%

73

29

85

44

92%

9

5

15

4

8%

Mesentery
Cell type
Spindle
Epithelioid
PCNA index
0

19

7

21

12

25%

+

49

15

44

34

71%

++

13

12

35

1

2%

+++

1

0

0

1

2%

67

22

65

45

94%

15

12

35

3

6%

Mitotic
<5
5/50
Hemorrhage
Yes

25

12

35

13

27%

No

57

22

65

35

73%

Yes

37

20

59

17

35

No

45

14

41

31

65

0.6331

0.4262

4.4036

0.0359

22.3912

<0.0001

Necrosis

Microscopic
Yes

16

15

44

1

2

No

66

19

56

47

98

Positive

80

33

97

47

98

Negative

2

1

3

1

2

C-kit expression
0

1

Table 2 Correlation between C-kit mutation and prognostic factors
Prognostic

Total

C-kit mutation-positive subtype

C-kit mutation-negative subtype

Case

Percent

82

34

48

Yes

18

13

38

5

10

No

64

21

62

43

90

16

13

38

3

6

10

9

26

1

2

Total

Case

Percent

χ2

P

16.333

0.0001

12.9649

0.0003

11.6464

0.0006

Recurrence

Metastasis
Live
Abdominal cavity

3

2

6

1

2

3

2

6

1

2

Survival

63

20

59

43

90

Death

19

14

41

5

10

Distant
Prognosis

Liu XH et al. KIT mutation in gastrointestinal stromal tumors

activity, presence of necrosis, presence of hemorrhage,
microscopic invasion to adjacent tissues, recurrence, distant
metastasis, as favorable factors of GIST. But histologic
distinction of benign from malignant tumors is often
difficult, and prediction of clinical outcome on the basis of
histologic characteristics alone is not always reliable, many
histologically malignant neoplasms were clinically benign.
Moreover, some tumors had conflicting features of both
benignancy and malignancy, and their malignant potential
has been labeled uncertain or indeterminate. In recent years,
C-kit protein expression and activated gene mutation have
been found in GIST[6-9], aggressive mastocytosis[10], mast
cell leukemia[11], ANLL with/without mast cell involvement
[10]
, myeloproliferative disorders[10], colon carcinoma[12] and
germ cell tumors[13]. Dections of gene mutation have shown
a good correlation with biologic behavior in such tumors
and providing valuable adjunctive prognostic information.
In this study, we examined whether the presence of
mutation of C-kit gene is important as a prognostic factor
of GIST and found it to indicate a significantly poorer
prognosis.
First, we examined whether the presence of C-kit mutation
could be associated with clinicopathological features of
GISTs. Statistical analysis indicated that significant differences
were detected with tumor size, PCNA index, mitotic cell
number, presence of necrosis, microscopic invasion to adjacent
tissues between mutation-positive and mutation-negative
GISTs. While the age, sex, location of tumor, cell type, the
presence of hemorrhage, and C-kit expression were
independently related to the presence of C-kit mutation.
This states that the mutation-positive GISTs were larger in
size and showed more frequent invasion of adjacent tissues,
the mutation-positive GISTs showed higher mitotic counts
and PCNA index and more necrosis within the tumors
histologically. Taken together, the mutation-positive GISTs
had more malignant histological features than the mutationnegative GISTs. We also examined whether the presence
of C-kit mutation was associated with the clinical outcome.
The mutation-positive GISTs showed more frequent
recurrences, distant metastasis and, higher mortality than
the mutation-negative GISTs. There are at least possible
two explanations for this : GIST may be classified into two
subtypes, C-kit mutation-positive and mutation-negative
GISTs mutation-positive GISTs showed more malignant
features,; mutation-negative GISTs may acquire more
malignant phenotype due to the addition of C-kit mutation.
Recently, gain-of-function mutations of the juxtramemebrane
domain of C-kit , including deletions or point mutations
in exon11 were described in GIST[14-18]. These mutations
were shown to lead to spontaneous, lilgand-independent
tyrosine kinase activation. The stable transfection of murine
lymphoid cells with the mutant C-kit complementary DNA
was shown to induce malignant transformation, suggesting
pathogenetic significance of such mutations. We have
expanded these observations and found that the C-kit
mutation in the exon11 predominantly occur in those GISTs
that are histologically and clinically malignant while benign
GISTs were not detected. This suggest that C-kit mutation
in the exon11 may be an important pathogenetic mechanism
of tumor malignant behavior. Moreover ,we found C-kit
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mutations only in 60% of the malignant GISTs. This may
suggest that additional pathogenetic mechanisms exist in
other cases, or that mutations occur in alternative sites.
Another study also showed correlation between the mutations
and disease progression.
There is no effective therapy for unresectable or
metastatic gastrointestinal stromal tumor, which is invariably
fatal. STI571, a phenylaminopyrimidine derivative, is a small
molecule that selectively inhibits the enzymatic activity of
C-kit gene. Joensuu et al.[19], found that inhibition by STI571
of the constitutively active mutant C-kit tyrosine kinase of
gastrointestinal stromal tumors was an effective therapy for
these tumors. There are two explanations for this: STI571
may be active in solid tumors that rely on the expression of
C-kit, ABL, or platelet-derived growth factor receptor while
GIST uniformly express C-kit; a tumor-specific C-kit
mutation appears to be the chief cause of this neoplasm.
Considering these findings, we conclude that C-kit mutation
is a undoubtedly pivotal event in GIST and may be
associated with poor prognosis. Evaluation of C-kit gene
mutation may have both prognosis and therapeutic
significances as the new tyrosine kinase inhibitor (STI571)
treatments are available.
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Abstract
AIM: To investigate the uptake of 99mTc-HYNIC-Tyr 3 octreotide (99mTc-HYNIC-TOC) in human hepatocellular
carcinoma (HCC), which can provide the localizable
diagnosis in hepatic carcinoma.
METHODS: The expression of somatostatin receptor 2
(SSTR2) messenger RNA (mRNA) in human HCC cell line
HepG2 was examined by reverse transcriptase-polymerase
chain reaction (RT-PCR). Uptake of 99mTc-HYNIC-TOC was
evaluated in the human HCC implanted into BALB/c nude
mice. ANMIS2000 nuclear medicine analysis system was
used to calculate the ratio of 99mTc uptake between tumor
tissue and vital organs.
RESULTS: We demonstrated the expression of SSTR2
mRNA in human HCC cell line HepG2 by RT-PCR. The size
of the RT-PCR products was 364 bp detected by sequence
analysis of the human SSTR2 mRNA. Scintigraphy proved
that 99mTc-HYNIC-TOC was uptaken in the tumor tissue,
liver and kidney of the tumor-bearing mice.
CONCLUSION: Based on expression of the SSTR2 mRNA
in human HCC, 99mTc-HYNIC-TOC can markedly bind with
and be uptaken by human HCC tissues as compared with
normal liver tissue. The significant retention of radionuclide
in kidney and bladder is probably related to non-specific
peptide uptake in the tubulus cells of kidney and possibly
due to excretion by kidney. Our results show that localizable
diagnosis and targeting radiotherapy with radionuclidelabeled somatostatin analog for HCC are of great value
to be further studied.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The role of somatostatin (SS) analogs in the tumor diagnostic
and therapeutic applications has attracted the concern of
the people. It has been widely reported about the growth
suppressing effects of SS and its analogs on many tumors[1-4].
To date, it is known that their suppressing effect on tumor
cell proliferation is mediated by the somatostatin receptors
(SSTRs) presented in the tumor constitution[5]. Like most
neuroendocrine tumors, adenocarcinomas originating in the
breast, colon, or pancreatic tumor, as well as meningiomas,
express SSTRs, and the majority of these tumors express
the somatostatin receptor subtype 2 (SSTR2)[6,7]. However,
all five receptor subtypes (SSTR1-5) bind native SS with a
high affinity, while octreotide, an SS analog, binds with a
very high affinity only to subtype 2 (SSTR2) and shows a
moderately high affinity for SSTR5[8]. Overexpression of
the SSTR2 in some tumors has made it possible to use SSreceptor scintigraphy with indium111 or technetium 99mlabeled octreotide for the visualization of SS receptorpositive cancers[9,10]. In addition to tumor scintigraphy, a
new application of these radiolabeled peptides is peptide
receptor radionuclide therapy[11,12].
It has been known that hepatocellular carcinoma (HCC)
is a leading cause of cancer-related death. At present, surgical
resection of malignant liver lesions offers the best outcome
and the only hope of cure. The 5-year survival rate for
selected patients undergoing surgical resection of primary
HCC was 30%, with a median survival of 30 mo. However,
approximately 90% of patients presenting with primary HCC
have inoperable disease[13]. These patients must rely largely
on various forms of chemotherapy and radiotherapy[14,15].
These treatments have at times shown promising response
rates, symptom palliation and have occasionally down-staged
hepatic tumors to allow surgical resection, but these
treatment modalities have not improved 5-year survival
rates, which remain in the order of 1%[16]. The persisting
poor survival among the vast majority of patients presenting
with liver cancer has led to renewed interest in developing
targeted radiotherapy with radiolabeled SS analogs as a
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possible treatment option for patients with non-resectable
liver cancer. However, it has not been known that HCC
can uptake radiolabeled SS analogs. The aim of this study
was to scintigraphically identify the localization of HCC in
order to reveal a possible role of radiolabeled SS analogs in
the treatment of HCC, and determine the target cell of
receptor subtype selective radiolabeled SS analogs for
targeting radiotherapy of HCC.

MA
TERIALS AND METHODS
MATERIALS
Materials
All reagents and solvents were obtained from commercial
sources and were used without further purification except
HYNIC-[Tyr 3]-octreotide (HYNIC-TOC). We applied
hydrazinonicotinic acid (HYNIC) as the ligand for 99mTc.
Labeling with 99mTc was performed using a co-ligand required
to stabilize 99mTc bound to the hydrazino residue of the peptide
conjugate. HYNIC-TOC was synthesized at the Medicine
Isotope Research Center of Peking University. Na99mTcO4
was obtained from commercial 99Mo/99mTc generator. The
methods of HYNIC-TOC synthesis and 99mTc labeling were
employed as previously described[17,18]. Reaction solutions were
tested for radiochemical purity by the C18-SepPak column
of high-performance liquid chromatography immediately and
up to 24 h after preparation. 99mTc of radioactive purity >
95% was bound to HYNIC-TOC.
RT-PCR and sequencing of products
The human HCC cell line HepG2 was assessed for the
presence of somatostatin receptor subtypes (SSTR1-5)
messenger RNA (mRNA) to confirm the presence of the
target receptor subtype for 99mTc-HYNIC-Tyr3-octreotide
(99mTc-HYNIC-TOC), especially SSTR2. The following
primer pairs (Boya Co., Shanghai, China) were applied: for
human SSTR1, sense (1 543-1 652) 5’-TCATCCTCGGCTATGCCAAC-3’ and antisense (1 789-1 898) 5’-GCAGGTGCCATTACGGAAGA-3’; for SSTR2, sense (359-378) 5’CTGTGGATGGCATCAATCAG-3’ and antisense (723741) 5’-TCGGATTCCAGAGGACTTCA-3’; for SSTR3,
sense (1 193-1 212) 5’-GCCTCTGCTACCTGCTCATC3’ and antisense (1 618-1 637) 5’-CCATCCTCCTCCTCCTCATC-3’; for SSTR4, sense (480-499) 5’-CAGCGTGGCCAAGCTCATCA-3’ and antisense (962-981) 5’-GATCGGCGGAAGTTGTCGGA-3’; for SSTR5, sense (205-224)
5’-GCCAAGATGAAGACCGTCAC-3’ and antisense (668887) 5’-AGCAGGTAGCACAGGCAGAT-3’; for β-actin,
sense 5’-ACGTTATGGATGATGTATCGC-3’ and
antisense 5’-CTTAATGTCACGCACGATTTCC-3’. RNA
extraction and reverse transcription were performed
according to the manufacturer’s instructions. cDNA was
amplified in a reaction mixture (total volume 20 µL)
comprising cDNA (transcribed from 12 µg of total RNA),
2 µL of 10× PCR buffer, 0.4 µL of 10 mmol/L dNTP,
and 1.5 µL of 25 mmol/L MgCl2, 10 pmol/L of each of
sense and antisense primers, and 2.5 U of Taq DNA
polymerase. Following an initial denaturing step at 94
for 5 min, the amplification program of 30 cycles, each
cycle consisting of denaturation at 94 for 30 s, annealing
for 20 s, and extension at 72
for 30 s, was
at 60
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carried out by a Gene Amplification PCR system 2 400
(PE Corp., USA). The amplification was terminated with
the final extension step at 72
for 10 min. The amplified
products, subsequently, were electrophoresed and photographed
on 15 g/L agarose gel stained with ethidium bromide. The
final products were verified by sequencing in Boya Co.
(Shanghai, China). β-actin specific primers were used to
amplify the cDNA fragment as an internal standard.
Tumor cell inoculation and tumor growth assessment
The human HCC cell line HepG2 was from Clinical Medical
Institute of Sir Run Run Shaw Hospital. The cells were
grown in RPMI1640 (Gibco Co., USA) supplemented with
100 mL/L fetal bovine serum (Hangzhou Sijiqing Co.,
China) at 37
in a humidified atmosphere containing
50 mL/L CO2 and 950 mL/L O2. Subculturing was executed
every 2-3 d and the cells grew well along the walls of culture
tube. Then, the cells (2×106 cells/mouse) at logarithmic growth
period were subcutaneously inoculated into right flank of
BALB/c nude mice, aged 6-8 wk, weighing 18-20 g (purchased
from Animal Center of Academy of Science, Shanghai, China).
The total tumor load per mouse was approximately 1 cm3 at
about 28 d post-injection. We took out the whole tumors, then,
immediately put into saline containing 100 U/mL penicillin
and streptomycin. Tumor pieces with a size 1-2 mm3 were
made from the margins of the whole mass after winkling the
connective tissue around the mass. The mice were randomly
divided into three groups in accordance with subcutaneous
re-transplantation of tumor into right flanks (subcutaneous
group) or in situ liver (intra-liver group), or without retransplantation (control group). Each group consisted of three
mice. The experiments were started at 21 d post re-implantation,
when the size of tumor per mice was approximately 1 cm3.
In vivo imaging with 99mTc-HYNIC-TOC
Each mouse of tumor-bearing groups (subcutaneous group
and intra-liver group) and control mice group received
100 µCi of 99mTc-HYNIC-TOC injected into the caudal
vein under soluble pentobarbitone anesthesia. The mice were
imaged at 2 and 4.5 h, respectively, after injection of 99mTcHYNIC-TOC with mini-radioisotope gamma camera
equipped with a pinhole collimator (Bingsong Corp., China).
During imaging, the mice were maintained with a fixed band
and positioned on dorsal recumbency with the legs extending
from the body. The imaging analyses of 99mTc uptake in
tumor tissue and vital organs were conducted using ANMIS
2000 nuclear medicine analysis system (Bingsong Corp.).
Animals of the intra-liver group were killed after the second
imaging session (4.5 h after injection of 99mTc-HYNIC-TOC)
for examination of intra-liver tumor growth.

RESUL
TS
RESULTS
Expression and PCR products sequencing of SSTR2 mRNA
in HCC cell line HepG2
PCR products of SSTRs were obtained for HepG2 cells.
The size of the products corresponded to the predicted
length of the synthesized cDNA fragment based on the
position of the PCR primer. SSTR1-5 mRNAs were variably
expressed in HepG2 cells. Expressions of SSTR1, SSTR2,
and SSTR4 mRNA were found in HepG2 cells, respectively

Li Y et al. Radiolabeled octreotide-targeted radiotherapy in hepatocellular carcinoma

In vivo imaging with 99mTc-HYNIC-TOC
The gamma camera imagings of a representative mouse
from the subcutaneous, intra-liver and control groups at
2 and 4.5 h after being injected with 99mTc- HYNIC-TOC
are shown in Figure 3. These imagings showed visual
accumulation of 99mTc-HYNIC-TOC detected in the tumor
xenografts of mice (including subcutaneous group and intraliver group). The retention of radioactivity in the kidney
and excretion through the bladder were observed. The highlevel uptake of radioactivity in the liver of tumor-bearing
mice was also observed and compared with the control
group. This tumor uptake was important to validate the
dosing regimen that was used in therapy studies of liver
cancer.

(Figure 1), but those of SSTR3 and SSTR5 mRNAs were
not observed. We identified that the product of SSTR2
mRNA was the specific fragment that we needed after
performing sequencing and comparison with SSTRs mRNA
rank of the GenBank [19], it turned out to be a perfect
coincidence with the fragment rank (Figure 2). The result
showed that the amplification we executed was specific.
M
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DISCUSSION
Radiolabeled SS analogs have brought new prospects to
nuclear oncology for diagnosis and therapy of tumor. Due
to their low molecular weight and high affinity to SSTRs,
good tissue penetration properties, and being internalized

Figure 1 RT-PCR analysis for SSTR1-5 mRNA expression in HepG2. Lane
m: marker; lane 1: SSTR1 (246 bp); lane 2: SSTR2 (384 bp); lane 3: SSTR3;
lane 4: SSTR4 (502 bp); lane 5: SSTR5.
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Figure 2 Sequencing of SSTR2 mRNA PCR products. The products were
specifically amplified after the sequencing fragment was compared with human
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Figure 3 Scintigrams of mice at different times after injection of 99mTc-HYNICTOC. A and C: subcutaneous group at 2 and 3 h, respectively; B and D: intraliver group at 2 and 4 h, respectively; E: subcutaneous group at 4.5 h, when the

SSTR2 of GenBank, and was a perfect coincidence with the fragment rank of
human SSTR2 mRNA.

D

E

F

bladder was emptied; F: control group at 2 h. The marked decrease in the liver
(arrows) uptake was apparent in the control group mouse.
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into the tumor cells after receptor binding[20-22], they provide
promising strategies for diagnosis and internal radionuclide
therapy for various cancer types. Before radiolabeled,
octreotide was employed in HCC, it has been studied with
125
I-[Tyr3]-octreotide for tumor diagnosis[11]. However, some
studies demonstrated that the SSTRs density in HCC was
considerably lower than the receptor density found[23,24], thus
it has rarely been studied in the liver cancer. As radiotherapy
of SS receptor-positive tumors with compounds such as
90
Y-labeled ones was applied, it is necessary to develop a
new strategy for the treatment of liver cancer.
In this study, we evaluated the expression of SS receptor
in human HCC cell line HepG2. The results showed that
SSTR1, SSTR2 and SSTR4 were frequently expressed in
human HCC, which was similar to previous reports[25,26]. As
the normal human liver does not express SSTR2 (predominant
receptor subtype was SSTR1[27]), the presence of SSTRs in
HCC may be regarded as an overexpression of the receptors
in this tumor. Like previous therapeutic experiments[28],
unlabeled octreotide was shown to bind with a high affinity
to SSTR2, suggesting that the predominant receptor subtype
was SSTR2. As to radiolabeled octreotide targeting therapy
for HCC, the expression of SSTR2 in HCC is of high
significance.
In scintigraphy experiment with 99mTc-HYNIC-TOC, the
significant uptake of radionuclide by tumor xenografts in
nude mice was found in both subcutaneous group and
intra-liver group. And it was demonstrated that the
hepatocarcinoma tissues had a fairly steady rate in uptaking
99m
Tc-HYNIC-TOC by the fact that there was still obvious
radionuclide gathering at the tumor tissues at 4 h after
administration. The results showed that the intensity of
the signal was not as strong as for neuroendocrine tumor
metastases. As a therapeutic tool, there are certainly
potential clinical implications linked with the SS receptor
expression in HCC.
The expression of some SS receptor subtypes was found
in the liver and kidney as well[24,29]. However, the physiological
uptake of 99mTc-HYNIC-TOC in these organs was probably
mainly due to some loss of technetium out of chelation
(liver) and non-specific peptide uptake in the tubulus cells
(kidney). Thus, in our receptor scintigram, the retention of
radionuclide prominently in both kidney and bladder as well
as the less uptake in liver, which was similar to previous
reports[30,31], was shown after injection of 99mTc-HYNICTOC. Because of the absence of SSTR2, the retention of
technetium in the bladder, which was possibly due to the
kidney excretion, almost vanished when bladder emptied
(Figure 3E). Meanwhile, based on recent studies[32-34], most
of the radiolabeled octreotide, like our results, would
accumulate in the kidney after glomerular filtration, followed
by re-absorption into renal cells. It is necessary to take into
consideration the induction of the kidney damage while
performing targeting radiotherapy with radiolabeled
octreotide.
In conclusion, HCC cell line HepG2 expresses SSTR2
mRNA. 99mTc-HYNIC-TOC, relying on the receptor
mediation, can markedly bind with and be uptaken by
human HCC tissues as compared to the normal liver tissue,
which is probably mainly due to some loss of technetium
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out of chelation. The significant retention of radionuclide
in kidney and bladder is probably related to non-specific
peptide uptake in the tubulus cells of kidney and possibly
due to the excretion by kidney. This phenomenon has clued
to potential radiation nephrotoxicity of the agents, which
needs to be solved before a widespread application of
targeting radiotherapy.

REFERENCES
1

2

3

4

5

6

7

8
9

10

11

12

13

14

15

16
17

18

Lamberts SW, de Herder WW, Hofland LJ. Somatostatin
analogs in the diagnosis and treatment of cancer. Trends
Endocrinol Metab 2002; 13: 451-456
Froidevaux S, Eberle AN. Somatostatin anlogs and
radiopeptides in cancer therapy. Bioploymers 2002; 66: 161183
Celinski SA, Fisher WE, Amaya F, Wu YQ, Yao Q, Youker
KA, Li M. Somatostatin receptor gene transfer inhibits established panceatic cancer xenografts. J Surg Res 2003; 115:
41-47
Kumar M, Liu ZR, Thapa L, Wang DY, Tian R, Qin RY.
Mechanisms of inhibition of growth of human pancreatic carcinoma implanted in nude mice by soamtostatin receptor
subtype 2. Pancreas 2004; 29: 141-151
Pollak MN, Schally AV. Mechanisms of antineoplastic action of somatostatin analogs. Proc Soc Exp Biol Med 1998; 217:
143-152
Reubi JC, Kvols L, Krenning E, Lamberts SW. Distribution of
somatostatin receptors in normal and tumor tissue. Metabolism 1990; 39(9 Suppl 2): 78-81
Lamberts SW, Krenning EP, Reubi JC. The role of somatostatin
and its analogs in the diagnosis and treatment of tumors.
Endocr Rev 1991; 12: 450-482
Lamberts SW, Van der Lely AJ, de Herder WW, Hofland LJ.
Octreotide. N Engl J Med 1996; 334: 246-254
Weiner RE, Thakur ML. Radiolabeled peptide in the diagnosis and therapy of oncological diseases. Appl Radiat Isot 2002;
57: 749-763
Decristoforo C, Mather SJ. Technetium-99m somatostatin
analogues: effect of labelling methods and peptide sequence.
Eur J Nucl Med 1999; 26: 869–876
Towu E, Boxer G, Begent R, Zweit J, Spitz L, Hobbs K, Winslet
M. In-vitro uptake of radioactive lipiodol I-131 and I-125 by
hepatoblastoma: implications for targeted radiotherapy.
Pediatr Surg Int 2001; 17: 609-613
Heppeler A, Froidevaux S, Eberle AN, Maecke HR. Receptor
targeting for tumor localisation and therapy with
radiopeptides. Curr Med Chem 2000; 7: 971-979
Hussain SA, Ferry DR, El-Gazzaz G, Mirza DF, James ND,
McMaster P, Kerr DJ. Hepatocellular carcinoma. Ann Oncol
2001; 12: 161-172
Rougier P, Mitry E, Clavero-Fabri MC. Chemotherapy and
medical treatment of hepatocellular carcinoma (HCC).
Hepatogastroenterology 1998; 45(Suppl 3): 1264–1266
Perez CA, Brady LW. Principles and Practice of Radiation
Oncology: Pancreatic and Hepatobiliary Cancer. Lippincott
Company 1987: P810
Liu CL, Fan ST. Nonresectional therapies for hepatocellular carcinoma. Am J Sur 1997; 173: 358-365
Decristoforo C, Mather SJ, Cholewinski W, Donnemiller E,
Riccabona G, Moncayo R. 99mTc-EDDA/HYNIC-TOC: a new
99m
Tc-labelled radiopharmaceutical for imaging somatostatin
receptor-positive tumours: first clinical results and intrapatient comparison with 111In-labelled octreotide derivatives.
Eur J Nucl Med 2000; 27: 1318–1325
von Guggenberg E, Sarg B, Lindner H, Alafort LM, Mather
SJ, Moncayo R, Decristoforo C. Preparation via coligand exchange and characterization of [99mTc-EDDA-HYNICD-Phe1,
Tyr3] Octreotide (99mTc–EDDA/HYNIC–TOC). J Label Compd
Radiopharm 2003; 46: 307–318

Li Y et al. Radiolabeled octreotide-targeted radiotherapy in hepatocellular carcinoma
19
20

21

22

23

24

25

26

27

http://www.ncbi.nlm.nih.gov/blast
Krenning EP, de Jong M, Kooij PP, Breeman WA, Bakker
WH, de Herder WW, van Eijk CH, Kwekkeboom DJ, Jamar F,
Pauwels S, Valkema R. Radiolabelled somatostatin analogue
(s) for peptide receptor scintigraphy and radionuclide therapy.
Ann Oncol 1999; 10(Suppl 2): S23-29
Weckbecker G, Raule F, Stolz B, Bruns C. Somatostatin analogs for diagnosis and treatment of cancer. Pharmacol Ther
1993; 60: 245-264
Paganelli G, Zoboli S, Cremonesi M, Bodei L, Ferrari M,
Grana C, Bartolomei M, Orsi F, De Cicco C, Macke HR,
Chinol M, de Braud F. Receptor-mediated radiotherapy with
90
Y-DOTA-D-Phe1-Tyr3-octreotide. Eur J Nucl Med 2001; 28:
426-434
Reubi JC, Zimmermann A, Jonas S, Waser B, Neuhaus P,
Laderach U, Wiedenmann B. Regulatory peptide receptors in
human hepatocellular carcinomas. Gut 1999; 45: 766–774
Deng-Guo YAN, Qing-Jia OU. Somatostatin receptor subtype SSTR2 and SSTR3 mRNA expression in primary hepatic
Carcinoma. Aizheng 2001; 20: 152-155
Hofland LJ, Lamberts SW. Somatostatin receptor subtype
expression in human tumors. Ann Oncol 2001; 12(Suppl 2):
S31-36
Rohrer L, Raulf F, Bruns C, Buettner R, Hofstaedter F,
Schule R. Cloning and characterization of a fourth human
somatostatin receptor. Proc Natl Acad Sci USA 1993; 90:
4196–4200
Kouroumalis E, Skordilis P, Termos K, Vasilaki A,

28

29
30

31

32

33

34

3957

Moschandrea J, Manousos ON. Treatment of hepatocellular
carcinoma with octreotide: a randomized controlled study.
Gut 1998; 42: 442-447
Holfland LJ, Lamberts SW. Somatostatin receptors and
disease: Role of receptor subtypes. Bailliéres Clin Endocrinol
Metab 1996; 10: 163-176
Patel YC. Somatostatin and its receptor family. Front
Neuroendocrinol 1999; 20: 157-198
Reubi JC, Horisberger U, Studer UE, Waser B, Laissue JA,
Human kidney as target for somatostatin: high affinity receptors in tubules and vasa recta. J Clin Endocrinol Metab
1993; 77: 1323–1328
Bass LA, Lanahan MV, Duncan JR, Erion JL, Srinivasan A,
Schmidt MA, Anderson CJ. Identification of the soluble in
vivo metabolites of ndium-111-diethylenetriaminepentaacetic
acid-DPhe1- octreotide. Bioconjug Chem 1998; 9: 192–200
Duncan JR, Stephenson MT, Wu HP, Anderson CJ. Indium111-diethylenetriaminepentaacetic acid-octreotide is delivered
in vivo to pancreatic, tumor cells, renal, and hepatocyte
lysosomes. Cancer Res 1997; 57: 659–671
Akizawa H, Arano Y, Uezono T, Ono M, Fujioka Y, Uehara
T, Yokoyama A, Akaji K, Kiso Y, Koizumi M, Saji H. Renal
metabolism of 111In-DTPA-D-Phe1-octreotide in vivo. Bioconjug
Chem 1998; 9: 662–670
Akizawa H, Arano Y, Mifune M, Iwado A, Saito Y, Mukai T,
Uehara T, Ono M, Fujioka Y, Ogawa K, Kiso Y, Saji H. Effect
of molecular charges on renal uptake of 111In-DTPA- conjugated Peptides. Nucl Med Biol 2001; 28: 761–768

Science Editor Kumar M and Zhu LH Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(25):3958-3961
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Effects of He-Ne laser irradiation on chronic atrophic gastritis
in rats
Xue-Hui Shao, Yue-Ping Yang, Jie Dai, Jing-Fang Wu, Ai-Hua Bo
Xue-Hui Shao, Yue-Ping Yang, Department of Medical Physics,
Hebei North University, Zhangjiakou 075000, Hebei Province, China
Jie Dai, Ai-Hua Bo, Department of Pathology, Hebei North
University, Zhangjiakou 075000, Hebei Province, China
Jing-Fang Wu, Department of Histology and Embryology, Hebei
North University, Zhangjiakou 075000, Hebei Province, China
Supported by the Natural Science Foundation of Hebei Province,
No. 301427
Co-correspondents: Jie Dai
Correspondence to: Xue-Hui Shao, Department of Medical
Physics, Hebei North University, 14 Changqing Road, Zhangjiakou
075000, Hebei Province, China. sxhwby@sina.com
Telephone: +86-313-8041657
Received: 2004-08-26 Accepted: 2005-03-16

Abstract
AIM: To study the effects of He-Ne laser irradiation on
experimental chronic atrophic gastritis (CAG) in rats.
METHODS: Sixty-three male adult Wistar rats were
randomly divided into five groups including normal control
group, model control group and three different dosages
He-Ne laser groups. The chronic atrophic gastritis (CAG)
model in rats was made by pouring medicine which was
a kind of mixed liquor including 2% sodium salicylate and
30% alcohol down the throat for 8 wk to stimulate rat gastric
mucosa, combining with irregular fasting and compulsive
sporting as pathogenic factors; 3.36, 4.80, and 6.24 J/cm2
doses of He-Ne laser were used, respectively for three
different treatment groups, once a day for 20 d. The pH
value of diluted gastric acid was determined by acidimeter,
the histopathological changes such as the inflammatory
degrees in gastric mucosa, the morphology and structure
of parietal cells were observed, and the thickness of mucosa
was measured by micrometer under optical microscope.
RESULTS: In model control group, the secretion of gastric
acid was little, pathologic morphological changes in gastric
mucosa such as thinner mucous, atrophic glands, notable
inflammatory infiltration were found. After 3.36 J/cm2 dose
of He-Ne laser treatment for 20 d, the secretion of gastric
acid was increased (P<0.05), the thickness of gastric
mucosa was significantly thicker than that in model control
group (P<0.01), the gastric mucosal inflammation cells
were decreased (P<0.05). Morphology, structure and volume
of the parietal cells all recuperated or were closed to normal.
CONCLUSION: 3.36 J/cm2 dose of He-Ne laser has a
significant effect on CAG in rats.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Chronic atrophic gastritis (CAG) is one of the most common
digestive diseases worldwide[1-4]. The patient’s gastric mucosa
atrophies, gastric sinus secret cells reduce, function is weakened,
gastric acid secretion reduces, especially pathological changeable
epithelium often contains intestine epithelium metaplasia
and atypical hyperplasia, which are often seen as precancerous
lesions of gastric carcinoma[5-7]. To the author’s knowledge,
clinics still have no perfect and effective treatment projects[8].
So we successfully established an animal model with CAG
in rats[9], used different radiation intensity of He-Ne laser to
irradiate at the gastric projective area of rat with CAG, to study
the therapeutic effects by examining changes of gastric acid
and observing changes of pathologic histology in gastric mucosa.
MA
TERIALS AND METHODS
MATERIALS
Animals
A total of 52 male adult Wistar rats weighing 180-230 g
were purchased from Experimental Animal Center, Capital
Medical University. They were housed in an air-conditioned
room with 12 h dark/light cycle, and randomly divided into
five groups: eight in normal control group, 11 in model
control group, 11 in 3.36 J/cm2 dose He-Ne laser group
(small dose He-Ne laser group), 11 in 4.80 J/cm2 dose HeNe laser group (inside dose He-Ne laser group), 11 in
6.24 J/cm2 dose He-Ne laser group (big dose He-Ne laser
group). CAG model in rats were made by mixing 2% sodium
salicylate and 30% alcohol and poured down their throats
for 8 wk to stimulate their gastric mucosa, combined with
irregular fasting and compulsive sporting.
He-Ne laser therapy
He-Ne laser therapy was carried out using the HJ-3DB
He-Ne laser machine (wavelength 632.8 nm) which was
made by Nanjing laser instrument factory, the He-Ne laser
was amplified by convex lens, vertically radiated at the gastric
projective area. The anterioposterior diameter of laser was
1 cm, its power density was 8 mW/cm2. The following formed
the course of treatment once a day for 20 d.
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Small dose He-Ne laser treatment: irradiated 7 min each
time, 3.36 J/cm2 of dosage;
Inside dose He-Ne laser treatment: irradiated 10 min
each time, 4.80 J/cm2 of dosage;
Big dose He-Ne laser irradiation: irradiated 13 min each
time, 6.24 J/cm2 of dosage.
Process
The rats in each group were killed at the desired time-point.
The animals were deprived of food but were offered enough
water before being killed at 24 h. The rats were anesthetized
with ether, the belly was opened immediately, cadre was
ligature, the whole stomach was taken off, and the surface
blood stains were washed by normal saline water, sucked
dry with filter paper, then the gastric cavity was opened
along greater curvature of stomach, flushed with distilled
water, and the dilution gastric liquid (provided to measure
the gastric acid pH value) was collected, then front and
back gastric sinus and parts of stomach organized roughly
into 3 mm×10 mm were taken in parallel with lesser curvature
of stomach, fixed in neutral formalin, embedded in paraffin
wax, 6 µm sections, stained with hematoxylin-eosin (HE)
for pathological examination.
Determination of gastric acid
The rat’s gastric acid (pH value) was determined five times
for each example by acidimeter (PHS-3C) from Shanghai
Instrument Factory, and took the average value as the pH
value of this animal.
Pathology examinations
Take three sliced pieces for each example, and select three
different visual fields for each slice such as the body of
stomach, gastric sinus and the area of the body of stomach
marked with gastric sinus. The whole gastric mucosa was
observed under light microscope, which included the
following aspects: (1) the immunity degree of the gastric
mucosal ingluvitis cellular was divided into two grades such
as negative (-) (no ingluvitis cells or some ingluvitis that jot
spread at the gastric mucus) and positive (+) (more ingluvitis
cell at the gastric mucosa or series of ingluvitis cells aggregated
inside the mucus), counted the positive rate respectively by
each visual field; (2) measured the thickness of the gastric
mucosa with microscope, regarded µm as the unit, adopted
the average of the mucosa thickness to show the reflection
hyperplasia circumstance; (3) observed the parietal cell
including the appearance, construction and arrangement.
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Statistical analysis
Software SPSS 10.0 was used in the statistical analysis,
parameters were expressed as mean±SD, and compared
using One-way ANOVA analysis of variance, followed by
χ2 tests and differences were considered significant at P<0.05.

RESUL
TS
RESULTS
Gastric acid
The determination results of gastric acid showed that the
secret function of gastric mucosa in model control rats was
more decreased than that in both normal control group
and small dose He-Ne laser group (P<0.05, Table 1).

Table 1 Detection of gastric results of pH value in Wistar rats
Group

n

pH value (mean±SD)

Normal control
Model control

6
7

3.72±1.02a
5.86±1.45

Small dose He-Ne laser
Inside dose He-Ne laser

7
6

4.43±1.18a
4.66±1.00

Big dose He-Ne laser

7

4.57±1.48

a

P<0.05 vs control group.

Pathological findings
The pathological histologies were observed under microscope.
In normal control group, the gastric mucosa was thick, the
epithelium was complete, only fell ingluvitis were spread,
there was no obvious ingluvitis cellular immunity (Table 2).
The parietal cells in normal control group were as follows:
large volume, pyramid form, cell edge tactful, full, numerous,
were arranged neatly and above 2/3 at a fundic gland
(Figure 1A). In model control group, the gastric mucosa
was thinner than that in normal control group (P<0.01), there
were large quantities of immunity ingluvitis (P<0.01), most
of the cells were lymphocytes and plasma cells. The parietal
cells in model control group were as follows: volume sterigma,
cell edge anomaly polygon, afterbirth syrup was wrinkled
and arranged foul-up, intercellular space was enlarged, the
ratio in syrup and nucleosidase increased the breadth of
the gland antrum, and large quantity of cells were put
through empty transformation (Figure 1B). In He-Ne laser
groups, the gastric mucosa was thicker than that in model
group (P<0.01), ingluvitis cells were less than that in model
control group, particularly the small dose He-Ne laser group
(P<0.05). The parietal cells in small dosage He-Ne laser

Table 2 Changes of gastric mucosa thickness and the observations of ingluvitis cellular immunity degree
Ingluvitis cellular immunity degree
Group

n

The thickness of gastric mucosa
(µm) (mean±SD)
b

-

+

Positive rate (%)
b

Normal control

8

525.17±57.52

7

1

13

Model control

11

387.21±51.60

1

10

91

Small dose He–Ne laser

11

499.06±57.25b

6

5

45a

Inside dose He–Ne laser

11

456.77±47.56

b

1

10

91

Big dose He–Ne laser

11

475.62±53.75b

2

9

82

a

P<0.05, bP<0.01 vs model control group.

Ingluvitis edema
Yes

No

3960

A

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

B

July 7, 2005

Volume 11

Number 25

C

Figure 1 Pathology changes of parietal cells. A: parietal cells of gastric
mucosa in normal control group (HE ×400); B: parietal cells of gastric mucosa

in model control group (HE ×400); C: parietal cells of gastric mucosa in small
dose He-Ne laser group (HE ×400).

group were as follows: cell appearance, volume and construction
were all near to normal, and arranged neatly (Figure 1C).
Besides, there was no obvious ingluvitis edema in normal
control group, model control group and small dosage HeNe laser group, but it was obvious in inside and large dose
He-Ne laser groups, and the cells were transformed in the
two groups.

ingluvitis, and parietal cell hyperplasia were found in this
experiment. We think the mechanism of He-Ne laser treated
CAG in rats as follows: (1) partial microcirculation was
ameliorated; (2) body immunity was enhanced; (3) the
organized growth of gastric mucosa was promoted; (4)
inflammation was eliminated. Moreover, in our experiment
we found that three different dosages of He-Ne laser preceding
the incitement to the rat in CAG, resulted in different effects.
The best effect was the small dosage of He-Ne laser, the
inside dose and the large dose were not as well as the small
dose of He-Ne laser, which showed the dependence on
dosage[20,30,31]. Perhaps it is because the biology effect of
He-Ne laser closely related to the action time, power density
that organized He-Ne laser. Under the same power density
(8 mW/cm2), different action time (small dose for 7 min,
inside dose for 10 min, large dose for 13 min), produced
different effects. These results showed that small dose HeNe laser was a positive action, but large dose was an inhibitory
action to incite lombricine organization[32]. Besides, some
damaged cells, individual swelling, afterbirth syrup degeneration
and ingluvitis edema in the inside dose He-Ne laser group
and the big dose He-Ne laser group were found in gastric
mucus of rats under microscope. This may indicate the
light dynamic damage of He-Ne laser. So we draw a further
conclusion that big doses of He-Ne laser were deformative.
In a word, the experiment showed that 3.36 J/cm2 dose of
He-Ne laser is a valid dose of external irradiation to incite
life, it could promote the secretion of gastric acid and
recover the function of gastric mucus to the CAG in rats.
In summary, 3.36 J/cm2 /d dose of He-Ne laser irradiation
is a well-tolerated, safe, and effective treatment in rats with
CAG. The technique is easy, inexpensive, and of short
duration[25]. It is necessary to translate the outcome of this
study into clinically relevant interventions by further studies
which would develop a new way for the treatment of CAG.

DISCUSSION
The cause of disease and pathogenesis of chronic atrophic
arthritis (CAG) are not yet completely clean, generally
speaking, it is a synthesis factor with more effects and actions
such as immunity, gall back streaming, pyloric infection,
food, wine, smoke, and drugs[2,8,9]. Research expressed that
sodium salicylate could hurt gastric mucosa and enzyme
could inhibit gastric cell growth[10], alcohol could incite gastric
mucosa. In our experiment, we poured a mixture of 2%
sodium salicylate and 30% alcohol down the rat’s throat
for 8 wk, which could affect the natural cover and organize
variety in gastric mucus, combined with fatigue from overwork,
hunger and dissatisfaction in order to make the pathological
changes of CAG appear on the gastric mucosa appear[9].
Since the parietal cells reduced and degenerated, there was
disorder both in gastric acid secretion and digestion enzyme
weakness, the performance was a series of weak symptoms
of the function of digestion and absorption such as the
reduction of gastric acid secretion, diminishing of the gland
and atrophy, and metaplasis of the intestinal epithelium[9].
He-Ne laser, its characteristics such as 632.8 nm of
wavelength, good directivity , high intensity, good monochromaticity, is a low-level laser[11-14]. The low-level laser has some
biology effects such as cell vitality[15-18], phagocytosis[19-21],
immune responses[22-25], but as far as its usage for the treatment
of digestive disease, there were only few reports[26-28]. On
one hand, there was no difference between treating gastric
ulcer through bark and by endoscope[29]. On the other hand,
external irradiation is easy, and patients can bear some pain
with ease. We treated rats with CAG by external irradiation
with He-Ne laser as amplified by a convex mirror, radiated
at the gastric projective area. The results implied that the
gastric acid secretion of the rats in CAG treated by He-Ne
laser irradiation was increased, the best effect was on the
animals treated by small dosage He-Ne laser. Some changes
in gastric mucus such as thickness of gastric mucosa, alleviated
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Abstract
AIM: To study the expression of interferon-alpha/beta
(IFN-α/β) receptor protein in liver of patients with hepatitis
C virus (HCV)-related chronic liver disease and its clinical
significance.
METHODS: A total of 181 patients with HCV-related
chronic liver disease included 56 with HCV-related liver
cirrhosis (LC) and 125 with chronic hepatitis C (CHC).
CHC patients were treated with five megaunits of
interferon-α1b six times weekly for the first 2 weeks and
then every other day for 22 wk. The patients were divided
into interferon (IFN) treatment-responsive and nonresponsive groups, but 36 patients lost follow-up shortly
after receiving the treatment. The expression of IFN-α/β
receptor (IFN-α/βR) protein in liver of all patients was
determined with immunofluorescence.
RESULTS: In liver of patients with HCV-related chronic
liver disease, the expression of IFN-α/βR protein in liver
cell membrane was stronger than that in cytoplasm and
more obvious in the surroundings of portal vein than in
the surroundings of central vein. Moreover, it was poorly
distributed in hepatic lobules. The weak positive, positive
and strong positive expression of IFN-α/βR were 40%
(50/125), 28% (35/125), 32% (40/125), respectively in
CHC group, and 91.1% (51/56), 5.35% (3/56), and 3.56%
(2/56), respectively in LC group. The positive and strong
positive rates were higher in CHC group than in LC group
(P<0.01). In IFN treatment responsive group, 27.8%
(10/36) showed weak positive expression; 72.2% (26/36)
showed positive or strong positive expression. In the nonresponsive group, 71.7% (38/53) showed weak positive
expression; 28.3% (15/53) showed positive or strong
positive expression. The expression of IFN-α/βR protein
in liver was more obvious in IFN treatment responsive
group than in non-responsive group.
CONCLUSION: Expression of IFN-α/βR protein in liver of

patients with HCV-related chronic liver disease is likely
involved in the response to IFN treatment.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Interferon (IFN) is effective in the treatment of chronic
hepatitis C. It results in viral eradication and normalization
of liver function in about 35-40% of the patients[1-4]. The
anti-virus mechanism of IFN is to transmit the signal to
nuclei and to activate 2’-5’ adenylic acid synthase and protein
kinase after IFN molecule combines with IFN receptor,
which then blocks the translations of virus protein and RNA.
IFN receptor (IFN-R) is the initial protein for the chain
reaction of IFN[5]. Human interferon receptors are divided
into type I IFN-R which can combine with IFN-α/β, and
type II IFN-R which has specific sensitivity to IFN-γ.
Furthermore, it has been proved that type II IFN-R is also
sensitive to IFN-α/β to some extent[6], meanwhile IFN-β
and subtypes of IFN-α have high sensitivity to IFN-R[7].
In this study, we determined the expression of IFN-R
protein in liver of patients with HCV-related chronic liver
disease and its clinical significance.
MA
TERIALS AND METHODS
MATERIALS
Patients
A total of 181 patients were enrolled in this study, including
125 patients with chronic hepatitis C and 56 patients with
HCV-related liver cirrhosis. All the patients were seropositive
for HCV-RNA and underwent liver biopsy. None of the
patient was infected with other hepatitis viruses. All the
patients with chronic hepatitis C received IFN treatment.
However, only 89 patients were evaluated for treatment
response since 36 patients lost follow-up shortly after
receiving the treatment. According to the response to IFN
treatment, we studied the expression of IFN-α/βR protein
in liver of 89 patients with chronic hepatitis C at least six
months after IFN treatment.
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IFN treatment
IFN treatment was standardized as follows. Five megaunits
of IFN-α1b was administrated to 89 patients with chronic
hepatitis C by intramuscular injection six times weekly
for the first 2 weeks and then every other day for 22 wk.
The total dosage of IFN was 470 MU[8]. The study followed
the ethical guidelines of the Declaration of Helsinki and
was approved by the institutional ethics committee. Informed consent was obtained from all patients before IFN
treatment.
Appraisal of IFN treatment
According to the response to IFN, 89 patients with chronic
hepatitis C who were seropositive for HCV-RNA and
received IFN treatment were divided into responder group
(36) and non-responder group (53). Responders were defined
as patients who were seronegative for HCV-RNA with their
serum alanine aminotransferase (ALT) decreased to the
normal range for at least 6 mo after IFN treatment. The
other patients were non-responders.
Histopathological evaluation
Liver biopsy specimens were defined by Knodell’s pathologic
classification. The degree of liver fibrosis was determined
according to the criteria for staging fibrosis (F 0 to F4) ,
including F0 (no fibrosis), F1(portal area fibrosis), F2 (bridging
fibrosis), F3(bridging fibrosis with lobule deformation), F4
(cirrhosis). Inflammation activities were scored as follows:
1-3 points (mild hepatitis), 4-8 points (moderate hepatitis),
9-12 points (severe hepatitis).
Determination of IFN-α/βR in liver
Making specimens with immunofluorescence technique
IFN-α/βR in the liver was immunostained with an indirect
immunofluorescence technique. The liver biopsy specimens
were sampled during laparoscopy, fixed with fixatives, and
frozen to make histological sections. The sections were
incubated with non-marked antibody for 45 min at 37 ,
washed thrice in 0.15 mol/L pH7.6 phosphate buffered
saline (PBS) for 3 min and once in 0.01 mol/L pH 7.6 PBS
for 1 min, then incubated with anti-idiotype antibody (AId)
for 30-45 min at 37 and washed with PBS. The sections
were dehydrated at room temperature and mounted in glycerol.
We cloned the gene coding for the outside-membrane of
IFN-α/βR in Daudi’s cells and immunized white rabbits
with protein produced by the gene-transfected E.coli to get
the first antibody (Amersham, Buckinghamshire, UK). The
AId (Amersham, Buckinghamshire, UK) was an anti-rabbitIgG class antibody labeled with fluorochrome. Negative
control was serum of rabbits.

A

B

Figure 1 Weak positive (A), positive (B), strong positive (C) and negative (D)
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Criteria of fluoroimmunoassay
Intensity of fluorescence was standardized as follows (Figure 1):
weak positive (+), positive (++) and strong positive (+++).
If a minority of hepatocytes in the portal area were stained,
it was defined as weak positive (+). The strong positive
(+++) means almost all hepatocytes in the hepatic lobule
were stained, and hepatocytes between the two grades were
defined as positive (++).
Statistical analysis
Statistical significance of difference was determined by χ2-test.

RESUL
TS
RESULTS
Expression of IFN-α/βR protein in liver
IFN-α/βR protein was expressed in all the samples of HCVrelated chronic liver disease, however the degree of expression
varied. Expression of IFN-α/βR protein in cell membrane
was stronger than that in cytoplasm (Figure 2A).The expression
of protein in the surroundings of the portal vein was stronger
than that in the surroundings of the central vein. The protein
was poorly distributed in hepatic lobules (Figure 2B). Almost
all the IFN-α/βR proteins expressing cells were hepatic
parenchymal cells. However, IFN-α/βR proteins were
also expressed in part of interlobular cholangioepithelia
(Figure 2C).
Expression of IFN-α /β R protein in patients with chronic
hepatitis C and HCV-related liver cirrhosis
Among the 125 patients with chronic hepatitis C, 40%
(50/125) showed weak positive (+), 28% (35/125) showed
positive (++), 32% (40/125 ) showed strong positive (+++)
expression of IFN-α/βR protein. Among the 56 patients
with HCV-related liver cirrhosis, 91.1% (51/56) showed weak
positive (+), 5.35% (3/56) showed positive (++), 3.56%
(2/56) showed strong positive (+++) expression of IFNα/βR protein. The total frequency of positive and strong
positive expression in chronic hepatitis C patients was much
higher than that in patients with HCV-related liver cirrhosis
(P<0.01 Table 1).

Table 1 Expression of IFN-α/βR protein in liver of patients with
HCV-related chronic liver disease
Group

n

Fluorescence intensity in cases, n (%)
+

++,+++
b

CHC

125

50 (40)

LC

56

51 (91.1)

b

P<0.01 vs LC.

C

expression of IFN-α/βR (×200).

D

75 (60)b
5 (8.9)
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Figure 2 Expression of IFN-α/βR protein in cell membrane and cytoplasm
(A), hepatic lobules (B), and hepatic parenchymal cells and part of interlobular

cholangioepithelia (C).

Expression of IFNα/βR protein in liver of patients with chronic
hepatitis C after IFN treatment
Six months after IFN treatment, the responders and nonresponders were 36 and 53 respectively, and 27.8% (10/36) of
the responders showed weak positive (+), and 72.2% (26/36)
showed positive (++) or strong positive (+++) expression
of the IFNα/βR protein; 71.7% (38/53) of non-responders
showed weak positive (+), and 28.3% (15/53) showed
positive (++) or strong positive (+++) expression of the
IFN-α/βR protein. After the treatment, the total frequency
of positive (++) and strong positive (+++) expression of
the IFN-α/βR protein in responder group was much higher
(P<0.05) than that in non-responder group (Table 2).

liver cirrhosis than in patients with chronic C hepatitis. The
reason may be that the bloodstream in patients with cirrhosis
is not well-distributed and the blood supply becomes deficient
due to various kinds of fibrosclerosis in hepatic lobules,
and liver function and liver cell membrane are damaged
because of hepatic cellular inflammation. Because of these
factors, liver could not provide a good condition for the
expression of IFN-α/βR protein in patients with cirrhosis.
Defective expression of IFN-α/βR protein can reduce the
intake of IFN, resulting in increased reproduction of virus
and activity of hepatitis.
This study demonstrated that expression of IFN-α/βR
protein had a close correlation with hepatic fibrosis. The
majority of responders with chronic hepatitis C had a very
strong expression of IFN-α/βR protein prior to the
treatment, which coincides with other researches[10-12]. The
reasons are as follows. The infection of hepatitis virus C
can induce expression of protein effectively[13] , since some
patients with HCV-related chronic liver disease become very
sensitive to IFN treatment. Expression of IFN-α/βR protein
in liver in responsive cases is much stronger than that in
non-responsive cases. That is to say, non-responsive reaction
to the treatment may be caused by the defective expression
of protein in patients with chronic hepatitis C. Although
expression of IFN-α/βR protein in the responder group is
stronger than that in non-responder group, the expression
also exists in some non-responsive cases. On the contrary,
expression of IFN-α/βR protein in some responsive cases
is as weak as that in non-responsive cases. These inconsistencies
are attributed to the following aspects. IFN-α/βR protein
cannot represent all IFN R proteins involved in the antivirus mechanism in chronic hepatitis C. The protein we studied
is IFN-α/βR protein which could respond to IFN-α and
IFN-β [7]. The protein plays a key role, in the anti-virus
mechanism against HCV-related chronic disease. The
combining activity of R proteins maybe changed in the
responsive cases when IFN-α/βR protein is expressed.
Among the responsive and non-responsive cases, some
patients with severe chronic hepatitis C and cirrhosis were
not sensitive to IFN treatment, and defective expression
of IFN-α/βR protein in these patients was a major cause.
It coincides with other studies[14,15]. In conclusion, expression
of IFN-α/βR protein in liver of patients with HCV-related
chronic disease is likely involved in response to IFN treatment,
the expression of IFN-α/βR protein may be useful in

Table 2 Effect of IFN and expression of IFN-α/βR protein
IFN treatment effect
Responders
Non-responders

n
36
53

Fluorescence intensity in cases, n (%)
+

++, +++
a

10 (27.8)
38 (71.7)

26 (72.2) a
15 (28.3)

a

P<0.05 vs non-responders.

DISCUSSION
Isimura[9] has proved that IFN R protein exists in liver by
ELISA and reported that the expression degree of IFN-αR
protein in cytoplasm is different. By immunohistochemical
method and competitive polymerase chain reaction assay,
Fujiwara et al.[9], found that determination of the expression
of IFN-α/βR protein is more useful than that of its mRNA.
In this study, we found that expression of IFN-α/βR
protein in cell membrane was stronger than that in cytoplasm
by immunofluorescence assay. IFN-α/βR protein is a
membrane receptor just like other cytoplasm receptors.
Moreover, this study also found that the expression of
IFN-α/βR protein in the surroundings of the portal vein
was stronger than that in the central vein, and the protein
was poorly distributed in hepatic lobules. This may be
attributed to the following aspects. The blood stream in
surrounding of the portal vein is more affluent, providing
a good nutritional condition for virus infection which then
induces the expression of IFN-α/βR. The expression
intensity of IFN-α/βR protein varies in different chronic
hepatic diseases. It is weaker in patients with HCV-related
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predicting IFN therapeutic effect, and defective expression
of IFN-α/βR protein in liver may result in resistance to
IFN treatment in patients with HCV-related chronic liver
disease.
10
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Abstract
AIM: To study the surgical treatment effect and outcome
of hepatocellular carcinoma (HCC) with bile duct tumor
thrombi (BDTT).
METHODS: Fifty-three consecutive HCC patients with BDTT
admitted in our department from July 1984 to December
2002 were reviewed retrospectively. The clinical data,
diagnostic methods, surgical procedures and outcome of
these patients were collected and analyzed.
RESULTS: One patient rejected surgical treatment, 6
cases underwent percutaneous transhepatic cholangial
drainage (PTCD) for unresectable primary disease, and
the other 46 cases underwent surgical operation. The
postoperative mortality was 17.6%, and the morbidity was
32.6%. Serum total bilirubin levels of these patients with
obstructive jaundice decreased gradually after surgery.
The survival time of six cases who underwent PTCD ranged
from 2 to 7 mo (median survival of 3.7 mo). The survival
time of the patients who received surgery was as follows:
2 mo for one patient who underwent laparotomy, 5-46 mo
(median survival of 23.5 mo, which was the longest
survival in comparison with patients who underwent other
procedures, P = 0.0024) for 17 cases who underwent
hepatectomy, 5-17 mo (median survival of 10.0 mo) for
5 cases who underwent HACE, 3-9 mo (median survival of
6.1 mo) for 11 cases who underwent simple thrombectomy
and biliary drainage, and 3-8 mo (median survival of 4.3 mo)
for four cases who underwent simple biliary drainage.
CONCLUSION: Jaundice caused by BDTT in HCC patients
is not a contraindication for surgery. Only curative resection
can result in long-term survival. Early diagnosis and surgical
treatment are the key points to prolong the survival of
patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Jaundice is present in 19-40% of patients with hepatocellular
carcinoma (HCC) at the time of diagnosis and usually occurs
in advanced stages of diseases. The etiology of jaundice is
mainly due to diffuse tumor infiltration of liver parenchyma,
progressive liver failure (advanced underlying cirrhosis) and
hepatic hilar invasion[1]. Obstructive jaundice caused by bile
duct tumor thrombi (BDTT) arising from HCC is uncommon[2.3]. Only 1-12% of HCC patients manifest obstructive
jaundice as the initial manifestation[4]. We have noticed this
kind of obstructive jaundice caused by HCC with BDTT
since 1980, and our initial report of HCC with BDTT was
published in 1996[5]. However, BDTT caused by HCC
thrombus is often misdiagnosed as hilar cholangiocarcinoma,
and has a particular mode of growth and clinical features.
Herein, we report a total of 53 HCC patients with BDTT
to make a better understanding of the nature of this disease.
MA
TERIALS AND METHODS
MATERIALS
Patients
From July 1984 to December 2002, 53 consecutive HCC
patients (47 males, 6 females, age range 20-69 years, mean
age 48.2±10.2 years) with BDTT were treated in our
department. The common clinical manifestations included:
jaundice, abdominal pain, poor appetite, abdominal
distension, skin itch, clay-colored stools, etc. Eight cases had
previous treatment in other hospitals before admission.
Among them, four cases had recurrent HCC after hepatectomy,
three received transcatheter arterial chemoembolization
(TACE), and one underwent 32P glass microspheres (32PGMS) internal radiotherapy thrice through hepatic artery
cannulation and subcutaneous implantation of a drug pump.
Laboratory examination
The average level of serum total bilirubin was 311.9±186.9
µmol/L (range 20.3-776.6 µmol/L), ALT was 119±82 IU/L
(range 16-428 IU/L), ALP was 423±241 IU/L (range
116-1 038 IU/L), γ-GT was 410±346 IU/L (range 98-1 637
IU/L), ALB was 37±6 g/L (range 24-46 g/L). The hepatitis
B surface antigen was positive in 35 cases (35/53, 66.0%).
The hepatitis C antibody assay was positive in one case.
The concentration of a-fetoprotein (AFP) was higher than
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400 µg/L in 29 cases (29/53, 54.7%). Cirrhosis was found in
28 cases (28/53, 52.8%), ascites in 10 cases (10/53, 18.9%).
Imaging findings
Primary tumors and total BDTT in the common hepatic
duct or the common bile duct (CBD) were detected by
image investigations including ultrasonography (US),
computed tomography (CT), endoscopic retrograde
cholangiopancreatography and magnetic resonance
cholangiopancreatography (MRCP). Three patients were
misdiagnosed as cholangiocarcinoma, among them two cases
underwent laparotomy and T-tube drainage in other hospitals,
one case was found to have lung metastasis at the initial diagnosis.
Location and size of HCC and BDTT
No obvious primary liver tumor was found in seven cases,
among them three cases were misdiagnosed as hilar cholangiocarcinoma (Figure 1). The diameter of the primary
tumors ranged from 0.9 to 12 cm (mean value 5.0±2.6 cm)
in the remaining 46 cases. Of these, the diameter of the
major tumor was larger than 10 cm in 6 cases, between 5
and 10 cm in 15 cases, less than 5 cm in 25 cases. Seventeen
cases had multiple nodules, 29 had a single nodule. The
tumors were involved in the right lobe (n = 19), the left
lobe (n = 13), and the caudate lobe of liver (n = 3), the
whole liver (n = 11). The tumor thrombi of CBD occurred
in all cases. Thrombi coexisted in intrahepatic bile duct
(n = 38), the right hepatic duct (n = 5), the left hepatic duct
(n = 4), and the left and right hepatic ducts (n = 6). In
addition, the tumor thrombi presented in the right branch
(n = 1), and the left branch of portal vein (n = 1), the right
branch of portal vein and the right hepatic vein (n = 1).
Statistical analysis
A database was established by SPSS 10.0 software. Data
were expressed as mean±SD. Kaplan-Meier method and
log-rank test were used for survival statistics. P<0.05 was
considered statistically significant.

RESUL
TS
RESULTS
Treatments
One patient refused surgery for other reasons. Fifty-two
cases received treatments. Among them, six cases received
non-surgical procedures including percutaneous transhepatic
cholangio-drainage (PTCD, n = 4), biliary stent placement
(n = 2). Forty-six cases underwent surgical operations
including hepatectomy with thrombectomy and biliary
drainage (n = 21), hepatic artery chemoembolization (HACE)
for unresectable primary diseases and biliary drainage (n = 5),
simple thrombectomy with biliary drainage (n = 14), and
simple biliary drainage (n = 4). Among the 21 cases who
underwent hepatectomy for their primary liver tumors, 2 cases
underwent right hemihepatectomy, 2 left hemihepatectomy,
11 partial right lobectomy, 4 partial left lobectomy, 1 left
hemihepatectomy with caudate lobectomy, 1 left hemihepatectomy with caudate lobectomy and segmentectomy.
Simultaneously, one case underwent thrombectomy for the
right branch thrombi of portal vein and the right hepatic
vein thrombi via the transaction surfaces. Of the 14 cases
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Figure 1 Location and size of HCC. A: Hilar obstruction indicating hilar
cholangiocarcinoma (white arrow) shown by PTC. B: CBD tumor thrombi seen
during intra-operation.

who underwent simple thrombectomy and biliary drainage,
one underwent proper hepatic artery ligation (HAL), and
the other right HAL at the same time.
Pathology
All the 53 cases were pathologically diagnosed as HCC by
professional surgical pathologists. The BDTT consisted of
tumor cells arranged like a nest of primary tumors, coexisting
with red blood cells (RBC), leukocytes and necrotic tumor tissues.
Postoperative mortality and morbidity
Among the 46 patients who underwent operations, 8 died
of hepatic failure postoperatively, the hospitalization
mortality was 17.4% (8/46). One died 3 d after laparotomy,
one died 26 d after simple thrombectomy with biliary
drainage and right HAL, two died 7 and 45 d after simple
thrombectomy with biliary drainage respectively, four died
7, 12, 15 and 38 d after hepatectomy with thrombectomy
and biliary drainage respectively. Fifteen patients developed
postoperative complications including liver function failure
(n = 8), upper gastrointestinal hemorrhage (n = 4), pleural
effusion (n = 4), serious coagulopathy (n = 1), intra-abdominal
hemorrhage (n = 1), pleural hemorrhage (n = 1), biliary
leakage (n = 1), subphrenic infection (n = 1), and lower limb
venous thrombosis (n = 1). The postoperative morbidity
was 32.6%. Of the six cases who received PTCD, one
suffered from acute cholangitis, no death occurred.
Effect of treatment
The serum total bilirubin levels of these patients with
obstructive jaundice decreased gradually. A total of 45 patients
were followed up. One patient refused treatment and died
1 mo later. The survival time of six cases who underwent
PTCD ranged from 2 to 7 mo (median survival of 3.7 mo).
The survival time of the patients who received surgery was
2 mo for one patient who underwent laparotomy, 5-46 mo
(median survival of 23.5 mo) for 17 cases who underwent
hepatectomy, which was the longest survival compared to
the patients who underwent other procedures (log-rank test,
P = 0.0024), 5-17 mo (median survival of 10.0 mo) for 5
cases who underwent HACE, 3-9 mo (median survival of
6.1 mo) for 11 cases who underwent simple thrombectomy
and biliary drainage, and 3-8 mo (median survival of 4.3 mo)
for 4 cases who underwent simple biliary drainage.
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DISCUSSION
BDTT derived from HCC is uncommon. However, bile
duct invasion was commonly detected at necropsy in HCC
patients with obstructive jaundice. In 1975, Lin et al. [6],
clinically classified such cases as “icteric type hepatoma”,
which manifested as obstructive jaundice even at the early
stage of tumors, and pointed out that its differential diagnosis
was very difficult. In 1982, Kojiro et al.[7], first described
the clinical and pathological features of HCC invading the
bile duct, and clarified that it was not equal to the portal
vein thrombi (PVT), indicating the possibility of extensive
dissemination in terms of severity of the disease. They
considered that it was not necessarily a criterion of advanced
disease. Actually, the rapid growth of the BDTT was rare
and there was no report of BDTT extending to the duodenum.
But BDTT could enlarge through blending with blood clotting
and bile mucus, subsequently resulting in full obstruction
of the biliary tract and obstructive jaundice.
The typical clinical features of BDTT were repeated
episodes of cholangitis and fluctuating jaundice, which
could be relieved by conservative treatment. For these
manifestations, BDTT was often misdiagnosed as
cholangiocarcinoma. Actually, in our series, three cases were
misdiagnosed as hilar cholangiocarcinoma. In addition, it is
essentially important to differ obstructive jaundice from
hepatic jaundice caused by liver dysfunction due to extensive
metastasis within the liver and underlying hepatitis and
cirrhosis, because the later has no chance of surgery, but
the former can gain a good outcome through operation
and/or multi-modality treatment. We concluded that the
following clues could help us differentiate BDTT from other
types of jaundice. Patients had underlying hepatitis or liver
cirrhosis, elevating serum AFP, and characteristic features
of primary liver tumors presented in US and CT.
As to the imaging investigations, US is the most convenient
and effective method to detect BDTT and intrahepatic
primary tumors. Endoscopic sonography (EUS) can show a
tumor thrombus with central echogenicity and a “nodule-innodule” pattern, which provides more accurate evidence for
the diagnosis. Lee et al.[8], reported a patient with a small HCC
in caudate lobe and presence of obstructive jaundice.
Preoperative EUS showed that it was tumor thrombi in CBD.
In addition, intraoperative US could detect smaller or more
deeply seated intrahepatic tumors. CT, MRI and MRCP could
provide more information for us to know the extension of
tumors and location of thrombi, and help us adopt proper
treatment, in particular surgical procedure selection for
patients. Intraoperative choledochoscopy and cholangiography
can show the location of tumor thrombi and differentiate
obstructions due to intraluminal mass, infiltrating ductal lesions
or extrinsic mass compression. Jan and Chen[9] reported 28
patients with obstructive jaundice as a result of floating tumor
debris from ruptured tumors in CBD. Of these, 18 cases
underwent choledochoscopy, and the tumor ruptured into
right intrahepatic bile duct (n = 9), left intrahepatic bile duct
(n = 7), and the confluence of the left and right hepatic
ducts (n = 2). Hepatectomies were performed for four patients
under the guide of choledochoscopy.
The size of primary tumors did not correlate with biliary
metastasis[10], and the primary liver tumors with obstructive

July 7, 2005

Volume 11

Number 25

jaundice might be small and resectable. In our series, primary
liver tumors were not detectable in seven cases. Twenty-five
cases had tumors with a diameter of less than 5 cm, suggesting
that obstructive jaundice is not a criterion of late-stage HCC
and a contraindication for surgery necessarily[11].
The managements of BDTT include hepatectomy,
thrombectomy, biliary drainage, TACE, internal biliary
stenting, radiotherapy, percutaneous transhepatic ethanol
injection (PTEI), etc. Surgical resection has been the ideal
treatment and the only way for patients to achieve a longterm survival[12-14]. Most patients might have satisfactory
palliation and opportunity for cure after surgery[15]. The
selection of surgical procedures was based on the nature
and location of the main tumor and thrombi, severity of
cirrhosis, associated biliary neoplastic strictures, the overall
status of patients, and the experience of surgeons. If the
condition of patients was good and the primary liver tumor
was resectable, the primary tumor should be resected after
thrombectomy. Even if it was only a palliative resection, it
could increase the survival time. If no liver tumor was
detected, biliary decompression and drainage should be
performed through choledochotomy and thrombectomy.
To the unresectable diseases, HAL and HACE might be
beneficial to some selected cases[16-19]. Shiomi et al.[12], reviewed
132 patients with HCC who underwent hepatectomy
between 1980 and 1999. Of these, 17 with BDTT underwent
right hemihepatectomy, 1 caudate lobectomy, 11 right or
left hemihepatectomy and 5 segmentectomy. Their 3- and
5-year survival rates were 47% and 28% respectively, and
the median survival time was 2.3 years, similar to those
achieved in 115 patients without BDTT. Fukuda et al.[20],
reported that after the patients with HCC and extrahepatic
bile duct thrombi underwent tumor resection and HACE,
the longest survival time of some patients reached 215 mo.
In our 46 cases undergoing surgery, the postoperative
mortality was 17.4%, and the morbidity was 32.6%. The
survival time of the patients who underwent hepatectomy,
thrombectomy and biliary drainage ranged from 5 to 46 mo
with a median time of 23.5 mo. We concluded that the
poor prognosis of these patients was due to the late diagnosis
and obstructive jaundice that resulted in irreversible liver
failure. In our study, one patient died 3 d after laparotomy,
indicating that early diagnosis and surgical treatment are
critically important to improve the prognosis of HCC patients.
BDTT is different from PVT. Complete removal of
the later is sometimes difficult because portal vein provides
the main blood supply for thrombi. However, it is easy to
remove BDTT because most of thrombi do not adhere to
the wall of bile duct tightly. Narita et al.[21], reported one
case of small HCC in the left lobe with bile duct thrombi,
and they found that the thrombi just adhered to the mucosa
of bile duct, rather than invaded submucosa. Primary tumor
resection and thrombectomy may achieve satisfactory palliation
and cure. However, active hemorrhage occurred during
operation in some cases, this may be due to the continuity of
BDTT with the main intrahepatic tumor or BDTT invading
the bile duct wall. But bleeding could be easily controlled
after primary tumor was removed. For patients with multiple
and unresectable tumors or biliary hemorrhage, thrombectomy
and T-tube drainage with HAL could control bleeding and

Peng BG et al. Surgical treatment for hepatocellular carcinoma

relieve jaundice, and subsequently improve liver function.
The survival time of these patients may be prolonged.
PTCD and biliary stent placement could alleviate
jaundice[22,23]. TACE and PTEI could control the growth of
tumors, improve the quality of life and survival rate after
jaundice was relieved [24-26]. Endoscopic biliary drainage
(EBD) for unresectable HCC with obstructive jaundice
remains controversial because of no benefit to survival.
Matsueda et al. [27], suggested that EBD was one of the
effective treatments for patients with unresectable malignant
biliary stenosis, and obstructive jaundice due to bile duct
thrombi. However, EBD was often difficult in HCC patients
with obstructive jaundice because of proximal biliary obstruction
at the hilum, and multiple tumors diffusing in the whole
liver. The decision to perform EBD should be based on
the nature and location of thrombi, the condition of liver
function, and the presence of PVT. In addition, endoscopic
sphincterotomy could benefit the discharge of necrotic
thrombi and further improvement of overall status, after
endoscopic nasobiliary drainage resolved the obstruction[28,29].
There is a considerable controversy over the role of
transplantation in patients with HCC. Liver transplantation
for HCC patients with BDTT is rare. Peng et al.[30,31], have
reported one patient who underwent piggyback orthotopic
liver transplantation and survived for 27 mo. This suggests
that selected HCC patients with BDTT may benefit from
liver transplantation, but it needs to be studied further.
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Abstract
Although in Crohn’s disease post-operative recurrence
is common, the determinants of disease recurrence
remain speculative. The aim of this study was to examine
factors affecting post-operative recurrence of Crohn’s
disease. A Medline-based literature review was carried
out. The following factors were investigated: age at
onset of disease, sex, family history of Crohn’s disease,
smoking, duration of Crohn’s disease before surgery,
prophylactic medical treatment (corticosteroids, 5-amino
salicylic acid [5-ASA] and immunosuppressants),
anatomical site of involvement, indication for surgery
(perforating or non-perforating disease), length of
resected bowel, anast-omotic technique, presence of
granuloma in the specimen, involvement of disease at
the resection margin, blood transfusions and postoperative complications. Smoking significantly increases
the risk of recurrence (risk is approximately twice as
high), especially in women and heavy smokers. Quitting
smoking reduces the post-operative recurrence rate. A
number of studies have shown a higher risk when the
duration of the disease before surgery was short. There
were, however, different definitions of ‘short’ among
the studies. Prophylactic cortic-osteroids therapy is not
effective in reducing the post-operative recurrence. A
number of randomized controlled trials offered evidence
of the efficacy of 5-ASA (mesalazine) in reducing
post-operative recurrence. Recently, the thera-peutic
efficacy of immunosuppressive drugs (azathioprine and
6-mercaptopurine) in the prevention of post-operative
recurrence has been investigated and several studies
have reported that these drugs might help prevent the
recurrence. Further clinical trials would be necessary to
evaluate the prophylactic efficacy of immunosuppressants.
Several studies showed a higher recurrence rate in patients
with perforating disease than in those with non-perforating
disease. However, evidence for differing recurrence rates
in perforating and non-perforating diseases is inconclusive.
A number of retrospective studies reported that a stapled
functional end-to-end anastomosis was associated with
a lower recurrence rate compared with other types of
anastomosis. However, prospective randomized studies

would be necessary to draw a definite conclusion. Many
studies found no difference in the recurrence rates
between patients with radical resection and non-radical
resection. Therefore, minimal surgery including
strictureplasty has been justified in the management of
Crohn’s disease. In this review, the following factors do
not seem to be predictive of post-operative recurrence:
age at onset of disease, sex, family history of Crohn’s
disease, anatomical site of disease, length of resected
bowel, presence of granuloma in the specimen, blood
transfusions and post-operative complications. The most
significant factor affecting post-operative recurrence of
Crohn’s disease is smoking. Smoking significantly
increases the risk of recurrence. A short disease duration
before surgery seems, albeit to a very minor degree, to
be associated with a higher recurrence rate. 5-ASA has
been shown with some degree of confidence to lead to
a lower recurrence rate. The prophylactic efficacy of
immunosuppressive drugs should be assessed in future.
A wider anastomotic technique after resection may
reduce the post-operative recurrence rate, though this
should be investigated with prospective randomized
controlled trials.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Crohn’s disease is a chronic inflammatory gastrointestinal
disorder with an unpredictable clinical course characterized
by the high incidence of recurrence. Nearly 80% of patients
with Crohn’s disease require surgery during their lifetime[1].
Post-operative recurrence rates defined by clinical symptoms
are 17-55% at 5 years, 32-76% at 10 years and 72-73% at
20 years[2-14]. The rates of recurrence requiring re-operation
are 11-32% at 5 years, 20-44% at 10 years and 46-55% at
20 years[2-14]. Thus, the re-operation rate tends to steadily
increase with time, reaching approximately 50% at 20 years
after surgery. Although in Crohn’s disease post-operative
recurrence is common, the determinants of disease
recurrence remain speculative. Several patients with
Crohn’s disease experience frequent recurrences while
others have prolonged periods of remission after surgery.
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Identifying risk factors for post-operative recurrence would
be useful to spot patients at a high risk of future recurrence
and to determine strategies for medical treatment after
surgery. A number of factors have been evaluated as
potentially influencing the recurrence rates after surgery
for Crohn’s disease[14-39]: age at onset of disease, sex, family
history of Crohn’s disease, smoking, duration of Crohn’s
disease before surgery, prophylactic medical treatment
(corticosteroids, 5-amino salicylic acid [5-ASA] and
immunosuppressants), anatomical site of involvement,
indication for surgery (perforating or non-perforating
disease), length of resected bowel, anastomotic technique,
presence of granuloma in the specimen, involv-ement of
disease at the resection margin, blood transfusions and postoperative complications. A Medline-based literature review
was carried out to examine factors affecting post-operative
recurrence of Crohn’s disease.
Age at onset of disease
Many studies examined the impact of age on the recurrence
rate after surgery. Naturally, patients with early onset of
disease seem to have a higher recurrence rate because of
a longer follow-up duration. A younger age at onset of
disease has been linked to a higher recurrence rate in
several studies[18,29,32-36] but not others[17,20,21,26,28,30]. Thus, the
reports about the importance of age have been conflicting
and different studies have yielded contradictory results. In
summary, age does not seem to be a definite predictive
factor of post-operative recurrence.
Sex
A few studies have suggested that the sex of the patient
influences the risk of recurrence after surgery, with slightly
increased recurrence rates reported for both men[37] and
women[32,38,39]. In many other studies, the recurrence rate
was similar for both men and women[15-17,20,21,26,27,29,30].
Family history of Crohn’s disease
There have been only a few reports examining the relationship
between family history of Crohn’s disease and the recurrence
rate after surgery[17,35]. Chardavoyne et al.[17], found family
history of Crohn’s disease did not influence the recurrence
rate. Our recent study found that patients with a family
history had a higher recurrence rate[35].
Smoking
There has been increasing speculation as to the role of
cigarette smoking in the pathogeneses of inflammatory
bowel diseases, since smokers are over-represented in groups
of patients with Crohn’s disease and under-represented in
patients with ulcerative colitis[40-45]. Not only is smoking
associated with an increased risk of developing Crohn’s
disease, but several studies have demonstrated a significantly
increased risk of recurrence after surgery[35,46-52]. Sutherland
et al.[46], reported that the 5- and 10-year recurrence rates
were significantly higher in smokers (36% and 70%) than
in non-smokers (20% and 41%; odds ratio, 2.1; P = 0.007).
When patients were stratified by sex, the increased risk
was more apparent in women (odds ratio, 4.2; 95%
confidence interval [CI], 2.0-4.2) than in men (odds ratio,
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1.5; 95%CI, 0.8-6.0). Lindberg et al.[47], found that heavy
smokers (>10 cigarettes/day) had an increased risk of
operation at least once; odds ratios for heavy smokers
compared with non-smokers after 5 and 10 years were 1.14
and 1.24, respectively (P = 0.03 and P = 0.017). The risk of
further operations was even higher and after 10 years the
odds ratio was 1.79 (P = 0.015). Cottone et al.[24], conducted
multivariate analyses to examine predictive factors for three
types of recurrence (clinical [symptomatic], endoscopic and
surgical [reoperation] recurrences) after surgery for Crohn’s
disease. They found that smoking was an independent
significant factor for clinical recurrence (odds ratio, 1.46;
95%CI, 1.1-1.8), endoscopic recurrence (odds ratio, 2.2;
95%CI, 1.2-3.8) and surgical recurrence (odds ratio, 2.0;
95%CI, 1.2-2.3). Breuer-Katschinski et al.[48], studied 346
patients with Crohn’s disease and found that 73% of smokers
and 39% of non-smokers required one or more operations.
The 5- and 10-year recurrence rates were 43% and 64%
for smokers, which were significantly higher than 26% and
33% for non-smokers (odds ratio, 3.1; P<0.00). For the 5and 10-year recurrence rates the relative risk estimates for
smokers versus non-smokers were 3.1 (95%CI, 1.7 - 5.8)
and 6.7 (95%CI, 2.7-6.8). When stratified by sex, the
increased risk for the recurrence was recognized in both
sexes. For the number of cigarettes smoked a dose-response
effect was obvious in women. Timmer et al.[49], found that at
48 wk after surgery for Crohn’s disease, the relapse rate
[Crohn’s disease activity index (CDAI) > 150 or an increase
of CDAI of > 60] was 30% in non-smokers compared
with 53% in smokers (odds ratio, 2.1; P = 0.02). Ex-smokers
did not have an increased risk; the relapse rate was 35%,
which was similar to 30% in non-smokers. In my research
in the UK[50], after resection for ileocecal Crohn’s disease
the 5- and 10-year recurrence rates were 35% and 55% for
smokers compared with 19% and 36% for non-smokers
(odds ratio, 2.3; P = 0.007). When smokers were further
divided into two sub-groups according to the number of
cigarettes smoked per day, the cumulative recurrence rate
was higher in heavy smokers (15 or >15 cigarettes/d) compared
with mild smokers (<15 cigarettes/d). In my another study,[51]
after resection (colectomy and ileorectal anastomosis) for
Crohn’s colitis the 5-, 10- and 15-year recurrence rates were
25%, 46%, and 52% for smokers and 11%, 15%, and 18%
for non-smokers (odds ratio, 3.0; P = 0.005). In the multivariate
analyses, only smoking was an independent significant factor
for poor outcome after surgery for Crohn’s colitis. Our recent
study[35] examined the impact of quitting smoking on re-operation
for recurrence after surgery for Crohn’s disease. We found
that patients who quit smoking were less likely to have
undergone one, two and three re-operations for recurrence
(odds ratio, 0.25; 95%CI, 0.15-0.41; odds ratio, 0.30;
95%CI, 0.16-0.57 and odds ratio, 0.25; 95%CI, 0.10-0.71).
These data indicate that patients with Crohn’s disease who
stop smoking reduce the risk of re-operation for recurrence
after surgery.[35] In contrast, two studies failed to find significant
correlations between smoking and the recurrence rate after
surgery for Crohn’s disease, though in those studies the
number of patients included was small and the detailed
data concerning smoking were not presented[53,54]. In summary,
smoking significantly increases the risk of recurrence after
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surgery for Crohn’s disease (risk is approximately twice as
high), especially in women and heavy smokes. Quitting
smoking is associated with a lower recurrence rate compared
with that in smokers. Because many patients with Crohn’s
disease are unaware of the risks that smoking has on their
disease[55,56], education and encouragement of patients to
stop smoking are necessary in the management of Crohn’s
disease[55-59]. The mechanism of the effect of smoking on
Crohn’s disease is as yet unclear. Potentially important
mechanisms include immune modulation, gut vascularity,
gut mucous composition, gut permeability and perturbation
in eicosanoid production[40-45].
Duration of disease before surgery
An association between duration of disease before the
first operation and early recurrence has been suggested
previously[15,17,23,28,33,38,60]. A number of studies have shown
a higher risk with a short history of disease[15,23,28,33,38,60]. In
one prospective study, Poggioli et al.[28], found that duration
of disease less than 6 years prior to surgery was associated
with higher the recurrence rates compared to patients with
an illness of longer than 6 years prior to surgery. Another
study [17] found that recurrent disease was more likely to
occur in patients with a duration of disease of between 3
and 10 years before surgery. Sachar et al. [15] , found
significantly higher recurrence rates in patients with disease
duration less than 10 years. This has not been universal
and other groups have failed to find a relationship between
pre-surgical disease duration and recurrence [16,18-21,26,30]
Differences in the definition of ‘short duration’ hamper
comparison among the studies. In our previous study[60],
we selected the arbitrary intervals of 1 year between the
onset of disease and surgery, 1 and 10 years and more than
10 years and found that recurrent disease was significantly
associated with short duration of disease prior to primary
surgery. It is not clear why a short duration of disease prior
to surgery emerges as such a powerful association with
recurrent disease in our study. It may be that a short interval
between diagnosis and primary surgery is indicative of a
more aggressive disease phenotype. However, it would seem
unreasonable to defer surgery in a symptomatic patient with
a short history of disease, merely because of the potential
risk of early recurrence.
Prophylactic medical treatment (corticosteroids, 5-ASA and
immunosuppressants)
Many studies report that corticosteroids therapy is ineffective
in reducing recurrence of Crohn’s disease [61-66]. Several
randomized controlled trials have demonstrated that 5-ASA
(mesalazine) is effective in reducing the frequency of postoperative recurrence and in decreasing the severity of the
lesions[67-69]. Caprilli et al.[67], studied 110 patients operated
on for Crohn’s disease by the first intestinal resection.
Patients were randomly allocated to receive mesalazine
(2.4 g/d) or no treatment at all. The cumulative proportion
of recurrence at 6, 12, and 24 mo was significantly lower in
the mesalazine group than in untreated group (P = 0.002).
At 24 mo the cumulative proportions of endoscopic
recurrence were 0.52 and 0.85, respectively. At the same
time, the cumulative proportions of symptomatic recurrence
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were 0.18 and 0.41 (P = 0.006). The cumulative proportions
of the severe recurrence was also significantly lower in the
mesalazine group (0.17 vs 0.38; P = 0.021). It was estimated
that 5-ASA prevents 39% of all recurrences and 55% of
the severe recurrences. In a double-blind, multicenter clinical
trial[68], 87 patients were treated with 3 g/d mesalamine
(Pentasa) or with placebo within 1 mo after surgery. Seventeen
clinical relapses (seven in the mesalamine group) were
recorded. After 12 mo, the endoscopic lesions were less
frequent and less severe in the mesalamine group than were
those in the placebo group (P<0.008). The overall rate of
severe recurrence (on endoscopy or radiological documentation)
was 24% in the mesalamine group and 56% in the placebo
group (P<0.004). In another randomized controlled trial[69],
163 patients who underwent a surgical resection were
randomized to a treatment group (1.5 g mesalamine twice a
day) or a placebo control group within 8 wk of surgery.
The follow-up period was a maximum of 72 mo. The
symptomatic recurrence rate in the treatment group was
31% (27 of 87) compared with 41% (31 of 76) in the
control group (P = 0.031). The relative risk of developing
recurrent disease was 0.628 (90%CI, 0.40-0.97) for those
in the treatment group (P = 0.039) using an intention-totreat analysis and 0.532 (90%CI, 0.32-0.87) using an efficacy
analysis. The endoscopic and radiological rate of recurrence
was also significantly decreased with relative risks of
0.654 (90%CI, 0.47-0.91) in the effectiveness analysis and
0.635 (90%CI, 0.44-0.91) in the efficacy analysis. These
results[67-69] suggest that high-dose (2.4-3.0 g/d) 5-ASA
therapy early in the post-operative period may be the most
effective regimen. A meta-analysis[70] was conducted to assess
the effectiveness of 5-ASA in maintaining remission of
quiescent Crohn’s disease. Fifteen randomized, controlled
trials of 5-ASA maintenance therapy involving a total of
2 097 patients were selected for the analysis. Therapy with
5-ASA significantly reduced the risk of symptomatic relapse
(pooled risk difference, -6.3%; 95%CI, -10.4% to -2.1%).
The pooled risk difference was significant in the post-surgical
setting (-13.1%; 95%CI, -21.8% to -4.5%) but not in the
medical setting (-4.7%; 95%CI, -9.6% to 2.8%). Multivariate
model predicts that the probability of symptomatic relapse
significantly decreases with 5-ASA treatment, by increasing
proportion of patients with ileal disease, with prolonged
disease duration, and with surgically induced remission.
Immunosuppressive drugs (azathioprine and 6-mercaptopurine [6-MP]) are effective in the setting of steroid
dependence and steroid resistance, as well as for the treatment
of perianal and fistulizing Crohn’s disease unresponsive to
antibiotics[64-66,71]. Recently, therapeutic efficacy of azathioprine
and 6-MP in the prevention of post-operative recurrence
in patients with Crohn’s disease has been investigated. In a
prospective, open-label, randomized study[72], 142 patients
received azathioprine [2 mg/(kg·d)] or mesalamine (3 g/d)
for 24 mo. The risk of clinical relapse was comparable in
the azathioprine and mesalamine groups. No difference was
observed with respect to surgical relapse between the two
groups. In a sub-group analysis, azathioprine was more
effective than mesalamine in preventing clinical relapse in
patients with previous intestinal resections (odds ratio,
4.83; 95%CI, 1.47-15.8). The study concluded that while
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no difference was observed in the efficacy of azathioprine
and mesalamine in preventing clinical and surgical relapses
after conservative surgery, azathioprine is more effective
in those patients who have undergone previous intestinal
resection. In another randomized trial [73], 131 patients
received 6-MP (50 mg), mesalamine (3 g) or placebo daily.
The clinical recurrence rates (intent to treat) at 24 mo were
50% (95%CI, 34-68%), 58% (95%CI, 41-75%) and 77%
(95%CI, 61-91%) in patients receiving 6-MP, mesalamine
and placebo, respectively. The endoscopic recurrence rates
were 43% (95%CI, 28-63%), 63% (95%CI, 47-79%) and
64% (95%CI, 46-81%) and the radiographic recurrence
rates were 33% (95%CI, 19-54%), 46% (95%CI, 29-66%)
and 49% (95%CI, 30-72%), respectively. 6-MP was more
effective than placebo (P<0.05) in preventing the clinical
and endoscopic recurrence. The study concluded that 6-MP
(50 mg/d) may be considered as a maintenance therapy
after ileocolonic resection for Crohn’s disease. Thus,
azathioprine and 6-MP might help prevent post-operative
recurrence of Crohn’s disease. However, further clinical
trials would be necessary to evaluate the efficacy of immunosuppressants in preventing clinical relapse after surgery
for Crohn’s disease.
Anatomical site of involvement
Three main sites (small bowel, large bowel and ileocolonic
region) of gastrointestinal involvement have been discussed
as clinical patterns in Crohn’s disease. A number of studies
examined the impact of anatomical site of disease on the
recurrence and reported the different results[15-17,19,27-30]. The
risk of recurrence was highest in patients with small bowel
disease[29,31,74] and ileocolonic disease[27,30]. In one study[17],
patients with predominantly large bowel disease (n = 56)
were found to have a higher rate of re-resection (45%)
when compared with 32% in patients with small bowel
involvement (n = 94) and with 35% in patients with both
small and large bowel involvement (n = 37) (P = 0.04)[17].
Other studies failed to find any significant impact of the
site of disease on the recurrence rate[15,16,19,28]. Thus, the use
of ‘anatomical site of involvement’ as a factor for postoperative recurrence is of limited value in clinical practice.
Indication for surgery
Crohn’s disease has two different clinical forms, a relatively
aggressive ‘perforating’ type and a more indolent ‘nonperforating’ type. Greenstein et al.[75], defined a perforating
disease as acute free perforation, sub-acute perforation with
abscess or chronic perforation with internal or external fistula
from findings at laparotomy. This definition has been widely
used in clinical practice. Several studies examined the
relationship between the type of disease and post-operative
recurrence. Aeberhard et al.[76], found that the median interval
between the first and second operation was 1.7 years for
patients with perforating disease, which was significantly
shorter than 13 years for patients with non-perforating
disease. Lautenbach et al.[77], studied 88 patients who had
undergone at least two resections for Crohn’s disease to
elucidate predictors of early post-operative recurrence. A
perforating indication for initial surgery (P<0.001) was
found to be an independent predictor of early post-operative
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recurrence after initial surgery. The indication for initial
surgery was predictive of the indication at a subsequent
surgery for the recurrence (P = 0.001). The other study
found that patients with fistulizing type of symptoms were
at a high risk of early recurrence after surgery[78]. In contrast,
the postoperative recurrence rates were similar for patients
with perforating and non-perforating diseases in other
studies[26-28,30,60,79,80]. Evidence for differing the recurrence
rates in perforating and non-perforating diseases is inconclusive.
There may be concordance between patients initially presenting
with perforating vs non-perforating disease and the pattern
of disease recurrence[12,28,75,79]. However, McDonald et al.[80],
reported that patients were no more likely to have the same
indication for surgery at the time of the second resection or
the third resection compared with the initial resection.
Length of resected bowel
Several studies have suggested that the recurrence is
more common after resection of a long length of diseased
bowel[37,81,82]. Other studies found that the length of resected
small and large bowel made no difference to the rates of
recurrence[4,5,16,33]. Thus, the length of resected bowel does
not seem to be a definite predictive factor of post-operative
recurrence.
Anastomotic technique
The type of anastomosis following resection is one of the
important issues in the surgical management of Crohn’s
disease. The fecal stream is implicated in anastomotic
recurrence in Crohn’s disease following bowel resection[26].
Relative obstruction with stasis and bacterial overgrowth is
also recognized contributory factors to recurrent Crohn’s
disease[14,83]. Therefore, the stapled functional end-to-end
technique may reduce the risk of obstruction at the
anastomosis because of a wider anastomotic lumen. One
retrospective study[84] examined 27 patients who underwent
conventional sutured end-to-end anastomosis and 42 who
underwent stapled functional end-to-end anastomosis
following bowel resection for Crohn’s disease. In the stapled
group, only one patient (2%) required re-operation for
recurrence. By contrast, 14 patients (43%) in the sutured
group required 15 further resections for recurrence. The
median follow-up duration was 23 mo for the stapled group
compared with 52 mo in the sutured group. Our retrospective
study[85] studied 45 patients who underwent stapled functional
end-to-end anastomosis and 78 underwent conventional
sutured end-to-end anastomosis. In the stapled group only
one patient required re-operation for ileocolonic anastomotic
recurrence compared with 26 in the sutured group. The
cumulative 1-, 2- and 5-year ileocolonic recurrence rates
requiring surgery in the stapled group were 0%, 0% and
3%, which were significantly lower than 5%, 11% and 24%
in the sutured group (P = 0.007 by log-rank test). The
median duration of follow-up was 34 mo in the stapled
group compared with 92 mo in the sutured group (P<0.01).
A case-control comparative analysis of patients with Crohn’s
disease from two major inflammatory bowel disease centers
(Mayo clinic and Birmingham) treated with wide-lumen
stapled anastomosis (n = 69) and a matched (age and gender)
group treated with conventional sutured end-to-end anastomosis
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(n = 69) was conducted[86]. A total of 55 patients developed
recurrent symptoms, 39 (57%) in the conventional sutured
end-to-end anastomosis and 16 (24%) in the wide-lumen
stapled anastomosis group. The median follow-up was
70 mo for the sutured group and 46 mo for the stapled group.
After conventional sutured end-to-end anastomosis 18 reoperations were required and after wide-lumen stapled
anastomosis three re-operations were necessary. The cumulative
re-operation rate for anastomotic recurrence was significantly
lower (P = 0.017 by log-rank test) for the wide-lumen stapled
anastomosis group. One prospective study comparing the longterm results of stapled and hand-sewn anastomoses reported
a lower recurrence rate after the stapled anastomosis [87].
Thus, the stapled functional end-to-end anastomosis was
associated with a lower incidence of post-operative anastomotic
recurrence than the conventional sutured end-to-end
anastomosis in the surgical management of Crohn’s disease.
Caprilli et al. [26], reporting on prognostic factors for the
recurrence of Crohn’s disease in a multicenter study, found
a trend towards a higher rate of endoscopic recurrence
after end-to-end anastomosis compared to side-to-side or
end-to-side anastomosis. Recent retrospective study [88]
compared the post-operative recurrence rate after a handsewn end-to-side or side-to-side isoperistaltic anastomosis
(n = 30) and stapled functional end-to-end anastomosis
(n = 76) and found that there were 5 recurrences (16.7%)
in the hand-sewn group and 2 recurrences (2.6%) in the
stapled group. The other study[74] compared the recurrence
rate after stapled side-to-side ileocolonic anastomosis (n = 12)
to those after stapled end-to-side (n = 36) or hand-sewn
side-to-side anastomosis (n = 36). The stapled side-to-side
anastomosis group obtained a better symptom-free survival
than the stapled end-to-side group (P = 0.04). In the stapled
and hand-sewn side-to-side groups the re-operation rates
were significantly lower than in the stapled end-to-side group
(P = 0.01 and P = 0.05, respectively). A longer follow-up
showed a significantly lower incidence of re-operation for
recurrence in the stapled and hand-sewn side-to-side anastomosis
compared to the stapled end-to-side anastomosis group. Thus,
a wider anastomosis may delay the onset of the symptomatic
recurrence and be associated with a lower early recurrence
rate after resection for Crohn’s disease. Furthermore, the
incidence of complications after the stapled anastomosis is
low and the procedures are quick and easy[84-88]. Therefore,
the stapled functional end-to-end anastomosis may be the
anastomotic configuration of choice following resection for
Crohn’s disease. However, most of the previous studies were
non-randomized trials. The follow-up duration was inevitably
shorter and the number of patients was smaller in the stapled
anastomosis group because the stapled technique has been
introduced recently. Multicenter prospective randomized
study with a larger number of patients and a longer followup duration would be needed to find an absolute evidence
of difference between the stapled functional end-to-end
anastomosis and the other types of anastomosis.
Presence of granuloma in the specimen
There are contradictory reports in the literature regarding the
impact of identifiable granuloma in the resection specimen
on the recurrence[5,16,17,30,60,89-91]. Anseline et al.[30], found that
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granuloma in the specimen was significantly associated with
the recurrence. Other authors[89,90] reported a decreased rate
of the recurrence in patients who had granulomas in their
specimen. Some groups have shown that microscopic
disease in the specimen increases the rate of anastomotic
recurrence of ileocolonic Crohn’s disease[5,16,17,91].
Disease involvement at the line of resection
Several reports have reported that the wide resection of
normal bowel uninvolved microscopically (radical resection)
was associated with a lower recurrence rate than non-radical
resection[6,18,92,93]. However, many studies have shown no
difference in the recurrence rates between patients with
radical resection and non-radical resection[17,21,30,60,82,94-96].
Fazio et al.[95], carried out a randomized controlled trial to
investigate the impact of resection margins on the recurrence
of Crohn’s disease in the small bowel. Patients who underwent
ileocolonic resection for Crohn’s disease (n = 152) were
randomly assigned to two groups in which the proximal line
of resection was 2 cm (limited resection) or 12 cm (extended
resection) from the macroscopically involved area. Patients
also were classified by whether the margin of resection was
microscopically normal (category 1), contained non-specific
changes (category 2), were suggestive but not diagnostic
for Crohn’s disease (category 3) or were diagnostic for Crohn’s
disease (category 4). The median follow-up time was 55.7 mo.
Disease recurred in 29 patients: 25% of patients in the limited
resection group and 18% of patients in the extended resection
group. In 90 patients in category 1 with normal tissue, the
recurrence occurred in 16, whereas in the 41 patients with
some degree of microscopic involvement, the recurrence
occurred in 13. The recurrence rates were 36% in category
2, 39% in category 3 and 21% in category 4. No group
differences were statistically significant. The recurrence of
Crohn’s disease is unaffected by the width of the margin
of resection from macroscopically involved bowel. Thus,
the recurrence rates also do not increase when microscopic
Crohn’s disease is present at the resection margins. Therefore,
extensive resection margins are unnecessary.
As the recurrence was independent of microscopic involvement of the resection margins in many studies[17,21,30,60,82,94-96],
there has been an increasing tendency toward minimal
surgery in the treatment of Crohn’s disease. Strictureplasty
conserves bowel and minimizes the risk of developing the
short bowel syndrome. Nowadays, strictureplasty has become
an established surgical option in the management of obstructive
Crohn’s disease. It is particularly suitable for patients at a
risk of short bowel syndrome[97-104]. After strictureplasty the
segment of inflamed bowel is left in situ, because the sutures
are placed through the diseased bowel. However, the most
recurrences after strictureplasty occur at non-strictureplasty
sites and the recurrence rate at the strictureplasty sites has
been reported to be only 2.8-3.7%[98,100].
Blood transfusions
The immunosuppressive effect of blood transfusions may
modify the progression of Crohn’s disease. The effect of
peri-operative blood transfusions on the recurrence of
Crohn’s disease was investigated in several studies[105-112].
Williams and Hughes[105] examined 60 patients with Crohn’s
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disease who underwent small bowel resection. Twenty-eight
patients received blood transfusions. The patients who received
peri-operative blood transfusions had a significantly lower
recurrence rate. Five years after the bowel resection, the
cumulative recurrence rate in transfused patients was 19%
compared with 59% in controls. Peters et al.[106], studied 79
patients with Crohn’s disease who underwent intestinal
resection. In 45 patients who received multiple red blood
cell transfusions, the recurrence developed in 22% by 36 mo
and the median time to the recurrence was 35 mo. In 34
patients who did not receive multiple transfusions, the
recurrence was found in 44% by 36 mo and the median
time to the recurrence was 20 mo (P<0.04). The recurrence
in patients with disease limited to the small bowel or to the
colon was not significantly affected by the transfusion status.
However, the recurrence developed in only 10% of multiply
transfused patients with ileocolonic disease by 36 mo, whereas
the recurrence developed in 45% of the patients who were
not multiply transfused (P = 0.057). Gooszen and Silvis[107]
studied 148 patients with Crohn’s disease, 62 males and 86
females (49 non-parous and 37 parous females). Eightyseven patients received peri-operative blood transfusions.
Overall, blood transfusions showed no effect on the recurrence.
Peri-operative transfusions seemed to protect against
recurrent disease after colonic resection. Transfusions had
a beneficial effect in parous females (P = 0.068) and after
correction for the type of operation this beneficial effect
was significant (P = 0.026). After peri-operative blood
transfusions parous females had a similar prognosis regarding
the recurrent Crohn’s disease to that of non-parous females
and males. In contrast, other studies[108-111] failed to find any
significant effect of peri-operative blood transfusions on
the post-operative recurrence of Crohn’s disease. A recent
pooled analysis studied 622 patients with a primary and
complete resection of macroscopic disease[112]. Three hundred
thirty-one patients (53%) received blood in the peri-operative
period and the mean follow-up duration was 72.8 mo. For
the overall sample, the 5-year recurrence rates were 26.9%
for the transfused group and 25.2% for the non-transfused
(P = 0.456). When the data were stratified by age, gender,
disease location and length of resection, no difference in
the 5-year recurrence rates between transfused and nontransfused patients could be detected. This pooled analysis
found no protective effect of blood transfusions on the
post-operative recurrence of Crohn’s disease.
Post-operative complications
Crohn’s disease is frequently associated with possible risk
factors for post-operative complications; intestinal obstruction,
pre-existing septic complications, impaired nutritional status,
chronic corticosteroid medication and the need for multiple
anastomoses[9,113]. There have been only a few reports about
the relationship between the postoperative complications
and recurrence rate [25,28,74]. Poggioli et al. [28], found no
relationship, but Holzheimer et al. [25] and Scarpa et al.[74]
reported that the development of post-operative complications
was associated with a high recurrence rate.
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surgery for Crohn’s disease, especially in women. The effect
of smoking was dose-dependent. Giving up smoking was
associated with a lower probability of recurrence compared
with smokers. A short disease duration before surgery seems,
albeit to a very limited extent, to be associated with a higher
recurrence rate, though the definition of short duration is
different depending on the study. A number of randomized
controlled trials offer encouraging evidence of the efficacy
of 5-ASA in reducing post-operative recurrence. Recent
studies have reported that immunosuppressive drugs were
useful in the prevention of post-operative recurrence.
However, further clinical trials would be necessary to evaluate
the efficacy of immunosuppressants. Several authors found
that perforating disease was associated with a higher recurrence
rate compared with non-perforating disease, though evidence
for differing the recurrence rates in perforating and nonperforating diseases is inconclusive. A number of retrospective
studies found that a stapled functional end-to-end anastomosis
was associated with a lower recurrence rate compared with
other anastomotic techniques. However, prospective randomized trials would be necessary to find an absolute evidence
of difference between the stapled functional end-to-end
anastomosis and the other types of anastomosis. The following
factors were not predictive of post-operative recurrence:
age at onset of disease, sex, family history of Crohn’s disease,
anatomical site of disease, length of resected bowel, presence
of granuloma in the specimen, peri-operative blood transfusions
and post-operative complications.
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inhibition rate of tumor growth by LDM was higher than
that by MMC at the tolerated dose.
CONCLUSION: Both LDM and its chromophore LDC display
extremely potent cytotoxicity to hepatoma cells. LDM
shows a remarkable therapeutic efficacy against murine
and human hepatomas in vivo.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To study the in vitro and in vivo antitumor effect of
lidamycin (LDM) on hepatoma and the active moiety of its
molecule.
METHODS: MTT assay was used to determine the growth
inhibition of human hepatoma BEL-7402 cells, SMMC-7721
cells and mouse hepatoma H22 cells. The in vivo
therapeutic effects of lidamycin and mitomycin C were
determined by transplantable hepatoma 22 (H22) in mice
and human hepatoma BEL-7402 xenografts in athymic
mice.
RESULTS: In terms of IC50 values, the cytotoxicity of LDM
was 10 000-fold more potent than that of mitomycin C (MMC)
and adriamycin (ADM) in human hepatoma BEL-7402 cells
and SMMC-7721 cells. LDM molecule consists of two moieties,
an aproprotein (LDP) and an enediyne chromophore
(LDC). In terms of IC50 values, the potency of LDC was
similar to LDM. However, LDP was 105-fold less potent
than LDM and LDC to hepatoma cells. For mouse hepatoma
H22 cells, the IC50 value of LDM was 0.025 nmol/L. Given
by single intravenous injection at doses of 0.1, 0.05 and
0.025 mg/kg, LDM markedly suppressed the growth of
hepatoma 22 in mice by 84.7%, 71.6% and 61.8%,
respectively. The therapeutic indexes (TI) of LDM and MMC
were 15 and 2.5, respectively. By 2 iv. injections in two
experiments, the growth inhibition rates by LDM at doses
of 0.1, 0.05, 0.025, 0.00625 and 0.0125 mg/kg were
88.8-89.5%, 81.1-82.5%, 71.2-74.9%, 52.3-59.575%,
and 33.3-48.3%, respectively. In comparison, MMC at
doses of 5, 2.5, and 1.25 mg/kg inhibited tumor growth
by 69.7-73.6%, 54.0-56.5%, and 31.5-52.2%,
respectively. Moreover, in human hepatoma BEL-7402
xenografts, the growth inhibition rates by LDM at doses
of 0.05 mg/kg ×2 and 0.025 mg/kg ×2 were 68.7%
and 27.2%, respectively. However, MMC at the dose of
1.25 mg/kg ×2 showed an inhibition rate of 34.5%. The
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INTRODUCTION
Lidamycin (LDM, also called C-1027), a macromolecular
antitumor antibiotic produced by Streptomyces globisporus
C-1027, can markedly inhibit the growth of transplantable
tumors in mice including leukemia L1210, P388, sarcoma
180 and melanoma Harding-Passey[1-4]. LDM consists of
an apoprotein (LDP) of 10.5 ku and an enediyne
chromophore (LDC) of 843 ku. These two parts of the
molecule, connecting each other through non-covalent
binding, can be dissociated [5] . LDM can induce DNA
damages including double-strand breaks, single-strand breaks
and formation of abasic sites which is proved to be the
major mechanism of the cytotoxicity of LDM. It is also
reported that LDC can interact in DNA minor grooves
and cleave double-helical DNA with a remarkable sequenceselectivity. The double-strand cleavage sites occurring
predominantly at CTTTT/AAAAG, ATAAT/ATTAT,
CTTTA/TAAAG, CTCTT/AAGAG, and especially
GTTAT/ATAAC, consist of nucleotide sequences with a
two-nucleotide 3’-stagger of the cleaved residues[6].
Recently, LDM has entered phase I clinical trials. In
this study, we report the growth inhibition of various
carcinoma cell lines by LDM, and the therapeutic efficacy
of LDM against hepatoma in mice and human hepatoma
xenografts in athymic mice.
MA
TERIALS AND METHODS
MATERIALS
Materials
Highly purified LDM and LDP were prepared in our
institute. MTT was obtained from Sigma Chemical Co. (St.
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Dissociation of LDM molecule
After 10 mg LDM was mixed with 5 mL methanol for 5 min
and tossed for
at 4 , the mixture was placed at -20
one time. LDC in the supernatant of reaction mixture was
obtained by centrifugation of 16 000 g for 20 min at 4 .
In order to extract LDC entirely, the operation was repeated
three times.
MTT assay
Cells were detached by trypsinization, seeded at 3 000 cells/
well in a 96-well plate (Costar, Cambridge, MA) over night.
Then different concentrations of LDM were added and
incubated for an additional 48 h. The effect on cell growth
was examined by MTT assay. Briefly, 20 µL of MTT
solution (5 mg/mL) was added to each well and incubated
for 4 h. The supernatant was removed, and the
at 37
MTT formazan formed by metabolically viable cells was
dissolved in 150 µL of DMSO, and then monitored with a
microplate reader (Bio-Rad) at a wavelength of 560 nm.
Survival ratio was calculated according to the following
formula:
Survival ratio = (Atest-Ablank)/(Acontrol-Ablank)×100%
Animals and in vivo studies
Female Kunming mice weighting 20±2 g and BALB/c
(nu/nu) athymic mice were obtained from the Institute of
Experimental Animals, Chinese Academy of Medical
Sciences (CAMS) and Peking Uinion Medical College
(PUMC).
Therapeutic effects of LDM and MMC were assessed
using murine hepatoma 22 models. Groups of 10 Kunming
female mice were subcutaneously implanted with 1.5×106
tumor cells. For experiment I, the drugs were administrated
24 h after tumor transplantation with single intravenous
injection. For experiments I and II, the drugs were iv
administrated 24 h and 7 d after tumor transplantation.
PBS was used as control in each experiment. Animals were
sacrificed on day 11 and tumor weights (W) were measured.
Inhibition rate of tumor growth and therapeutic index were
calculated respectively as follows:
Inhibition (%) = ((W control-W treated)/W control)×100
Therapeutic index (TI) = LD5/ID50
Therapeutic effect of LDM on human hepatoma BEL7402 xenografts in athymic mice was assessed. Groups of
six athymic female mice were subcutaneously implanted
with hepatoma BEL-7402 tumor tissue fragments, 2 mm

Statistical analysis
Significant difference between two values was determined
with Student’s t-test. P<0.05 was considered statistically
significant.

RESUL
TS
RESULTS
Cytotoxicity of LDM, MMC and ADM to hepatoma cells
As shown in Figures 1A and B, LDM displayed extremely
potent cytotoxicity to hepatoma BEL-7402 and SMMC7721 cells. In comparison, the cytotoxicity of LDM was
much more potent than that of MMC and ADM. The IC50
value of LDM, MMC and ADM was 0.0030, 152, and
51.7 nmol/L for BEL-7402 cells respectively, and 0.064,
1136.6, and 378 nmol/L for SMMC-7721 cells respectively.
In terms of IC50 values, the cytotoxicity of LDM to hepatoma
cells was 10 000-fold more potent than that of MMC and
ADM (Table 1). In addition, the growth inhibitory IC50 value
of LDM for mouse hepatoma 22 was 0.025 nmol/L by
MTT assay (curve not shown).

A
Absorbance at 560 nm
(% control)

Cell culture
Human hepatoma BEL-7402 cells, SMMC-7721 cells and murine
with 50 ml/L
hepatoma 22 cells were cultured at 37
CO2 in RPMI-1640 medium supplemented with 10% heatinactivated fetal bovine serum, penicillin G (100 U/mL) and
streptomycin (100 µg/mL). All cell lines were passaged every
3 d and maintained in exponential growth to approximately
80% confluence for experiments.

in diameter, one for each mouse. LDM and MMC in PBS
were administrated iv on d 3 and 10 after tumor implantation.
PBS was used as control. Tumor volume (V) was measured
twice a week using a caliper and calculated using the formula:
V (mm3) =1/2ab2, where a and b represent the long diameter
and perpendicular short diameter (mm) of the tumor,
respectively.
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Louis, MO, USA). Mitomycin C (MMC) was purchased
from Kyowa Hakko Kogyo Co. Ltd. Adriamycin (ADM)
was purchased from Zhejiang Hisun Pharmaceutical Co.
Ltd., China.
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Figure 1 Growth inhibition of hepatoma BEL-7402 cells (A) and SMMC-7721
cells (B) by LDM, MMC and ADM.
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Figure 2 Growth inhibition of hepatoma BEL-7402 cells (A) and SMMC-7721

cells (B) by LDM, LDC and LDP.

and LDP, on cell proliferation were evaluated with MTT
assay. As shown in Figures 2A and B, LDM and its constituent
LDC displayed extremely potent cytotoxicity to human

hepatoma BEL-7402 and SMMC-7721 cells. However,
another constituent LDP was much less active to hepatoma
cells. The IC50 value of LDC on BEL-7402 and SMMC-7721
cells was 0.0032 and 0.0597 nmol/L, respectively. However,
the growth inhibitory IC50 value of LDP on BEL-7402 and
SMMC-7721 cells was 2 896 and 1 896 nmol/L respectively.
In terms of IC50 values, the potency of LDC was similar to
LDM, but LDP was 105-fold less potent than LDM and
LDC (Table 1).

Table 1 Inhibition of proliferation by LDM, MMC, ADM and the LDM
constituents LDC and LDP in hepatoma cells (mean±SD)
IC 50 (nmol/L)

Drugs

BEL-7402

SMMC-7721

LDM

0.003±0.0006

MMC

152.0±27.3

1 136.6±72.2

0.064±0.013

ADM

51.7±6.5

378.0±39.6

LDC

0.0032±0.0005

0.0597±0.0064

LDP

2 896.0±345.5

1 896.0±354.0

LDM: lidamycin; LDC: LDM enediyne chromophore; LDP: LDM apoprotein;
ADM: adriamycin, MMC: mitomycin C.

Inhibitory effect of LDM and MMC on hepatoma 22 in mice
The in vivo therapeutic efficacy of LDM and MMC on the
growth of murine hepatoma 22 (H22) in Kunming mice
was investigated. As shown in Table 2, LDM and MMC
inhibited the growth of hepatoma 22 tumors in a dose
dependent manner. In experiment I, LDM with single i.v.

Table 2 Inhibition of the growth of mouse hepatoma 22 by LDM and MMC
Experiment Groups

I

Control
LDM

MMC

II

Control
LDM

MMC

III

Dose
(mg/kg)

MMC

Number of mice
Begin

End

Body weight (g)
Begin

End

Tumor
weight (g)

Inhibition
rate (%)

P

1

10

10

19.6

35.0

4.19±1.36

---

---

0.1
0.05

1
1

10
10

10
10

20.2
19.6

26.5
27.5

0.64±0.17
1.19±0.50

84.7
71.6

<0.01
<0.01

0.025
0.0125

1
1

10
10

10
10

19.9
19.5

30.3
30.7

1.60±0.61
1.65±0.50

61.8
60.6

<0.01
<0.01

0.00625
5

1
1

10
10

10
10

19.9
19.8

31.5
32.3

2.48±0.78
1.72±0.40

40.8
58.9

<0.01
<0.01

2.5
1.25

1
1

10
10

10
10

19.9
20.0

31.5
33.4

2.10±0.84
2.34±0.83

49.9
44.2

<0.01
<0.01

0.1

2
2

10
10

10
10

20.2
20.2

35.2
23.5

3.83±1.22
0.43±0.16

--88.8

--<0.01

0.05
0.025

2
2

10
10

10
10

19.7
20.1

26.6
29.6

0.67±0.20
0.96±0.30

82.5
74.9

<0.01
<0.01

0.0125
0.00625

2
2

10
10

10
10

20.3
20.0

32.8
31.9

1.55±0.63
1.98±0.77

59.5
48.3

<0.01
<0.01

5
2.5

2
2

10
10

9
10

19.6
20.2

23.9
30.2

1.01±0.29
1.76±0.76

73.6
54.0

<0.01
<0.01

1.25

2
2

10
10

10
10

20.3
19.2

33.8
28.9

1.83±0.48
3.33±1.04

52.2
---

<0.01
---

0.1
0.05

2
2

10
10

10
10

19.7
19.8

20.2
25.2

0.35±0.06
0.63±0.23

89.5
81.1

<0.01
<0.01

0.025
0.0125

2
2

10
10

10
10

19.2
19.4

23.7
27.8

0.96±0.45
1.59±0.72

71.2
52.3

<0.01
<0.01

0.00625
5

2
2

10
10

10
10

19.6
19.8

26.6
25.1

2.22±0.81
1.08±0.59

33.3
67.6

<0.05
<0.01

2.5
1.25

2
2

10
10

10
10

19.6
19.6

25.1
28.1

1.45±0.88
2.28±0.96

56.5
31.5

<0.01
<0.05

Control
LDM

iv
times
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administration at the doses of 0.1, 0.05, 0.025, 0.0125,
and 0.00625 mg/kg inhibited tumor growth by 84.7%,
71.6% and 61.8%, 60.6% and 40.8% (P<0.01), respectively.
Whereas, the inhibition rate of MMC at the doses of 5,
2.5, and 1.25 mg/kg was 58.9%, 49.9%, and 44.2%,
respectively. The therapeutic index (TI) of LDM and MMC
was 15 and 2.5, respectively. The therapeutic index of LDM
was much higher than that of MMC. In experiments II
and III, the drugs were administered on d 3 and 7. The
growth inhibition rate by LDM was also higher than that
of MMC. At doses used in these experiments, no body
weight loss and other severe side-effects were observed,
implying that LDM at tolerated doses displayed remarkable
therapeutic efficacy.

-

Tumor volume (×10-3 mm3)

Inhibition effect of LDM and MMC on the growth of human
hepatoma BEL-7402 in athymic mice
For further in vivo evaluation, the athymic mice bearing BEL7402 hepatoma xenografts were treated by injection of
LDM and MMC into the tail vein for the first time 3 d
after subcutaneous tumor inoculation. At that time the tumor
diameters ranged from 2 to 4 mm. Then the drugs were
administered for the second time on d 10. As shown in
Figure 3, LDM significantly inhibited the growth of BEL7402 tumors. According to the tumor volume on d 24
(Table 3), the inhibition rate by LDM at the doses of 0.05
and 0.025 mg/kg was 68.7% (P<0.05) and 27.2%,
respectively. MMC at the dose of 1.25 mg/kg inhibited
tumor growth by 34.5%. LDM showed much higher efficacy
against the growth of hepatoma xenografts.

1.4

Control

1.2

LDM 0.05 mg/kg

1.0

LDM 0.025 mg/kg

0.8

MMC 1.25 mg/kg

0.6
0.4
0.2
0.0
0

6

12

18

24

30

36 (d)

Figure 3 Inhibitory effect of LDM and MMC on the growth of human hepatoma
BEL-7402 xenografts in athymic mice.

Table 3 Inhibition of the growth of human hepatoma BEL-7402
xenografts by LDM and MMC in athymic mice
Groups
Control
LDM
MMC
a

Dose
(mg/kg)

0.05
0.025
1.25

Number of mice BWC (g) Tumor volume
(begin/end)
(mm3)
6/6
6/6
6/6
6/6

-0.1
+0.3
-0.1
-1.5

624.7±360.1
195.6±94.1
454.9±302.3
409.1±225.9

Inhibition
rate (%)
68.7a
27.2
34.5

P<0.05 vs control.

Although the cause is not fully understood, there are several
known risk factors, including over 40 years of age, male
sex, cirrhosis, and exposure to hepatitis viruses (hepatitis
B, C, D and G), etc. Although surgical operation could
cure some patients with hepatoma, many patients with
carcinomas are not good surgical candidates because of
large tumor size, diminished liver function, or cirrhosis.
Therefore, it is urgent to develop new drugs for the treatment
of carcinoma.
It was reported that LDM strongly inhibits DNA
synthesis in hepatoma BEL-7402 cells. In terms of effective
concentration, LDM is over 1 000-fold potent than MMC
or ADM. LDM also inhibits RNA synthesis in hepatoma
BEL-7402 cells without affecting protein synthesis, blocks
BEL-7402 cells at G2/M phase[7] and induces mitotic cell
death of human hepatoma BEL-7402 cells[8]. In the present
study, LDM showed extreme cytotoxicity to hepatoma cells,
including BEL-7402 SMMC-7721 and H22 cells in vitro. In
our study, LDM displayed obvious tumor inhibition effect
in vivo. The therapeutic efficacy of LDM was 6-fold higher
than that of MMC. In addition, LDM showed potent antitumor effect on human hepatoma BEL-7402 xenografts in
athymic mice in a dose dependent manner.
LDM has drawn much attention of researchers because
of its potent anti-tumor effect, unique structure and action
mechanism. Its apoprotein gene has been successfully cloned
and nucleotide sequencing was determined[9]. Recently, as
an example of enediyne anti-tumor antibiotics, the
biosynthetic genes of LDM have become a hot spot[10]. In
our studies on targeted anti-tumor drugs, LDM could act
as a novel “effector moiety” to construct moleculedownsized and highly potent monoclonal antibody drugs.
The downsized Fab’-LDM immunoconjugate is generated
by chemical methods[11], which shows potent anti-tumor
effect both in vitro and in vivo. We have demonstrated in this
study that LDC has a similar potency as intact LDM
molecule. In contrast, its apoprotein LDP displays weak
effect on tumor cells. Recently, an energized fusion protein,
Fv-LDP-AE, has been prepared. The highly potent fusion
protein is composed of Fv fragment of antibody, protein
moiety of LDM molecule, and the active enediyne (AE) of
lidamycin[12]. The molecular weight of enediyne-energized
fusion protein Fv-LDP-AE is only 38.7 ku, much smaller
than the reported immunotoxin Fv-PE (67 ku). The method
of preparing energized fusion protein Fv-LDP-AE may also
provide a useful technical platform to construct scFv-based
engineering and enediyne-energized fusion proteins
specifically targeted to various cancers expressing different
molecular markers.
In summary, both lidamycin and lidamycin chromophore
have extremely potent cytotoxicity to liver cancer cells, and
lidamycin shows remarkable therapeutic efficacy against
murine transplantable hepatoma and human hepatoma
xenografts.
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Abstract
AIM: To identify the scFv antibody fragments specific for
hepatocellular carcinoma by biopanning from a large human
naive scFv phage display library.
METHODS: A large human naive scFv phage library was
used to search for the specific targets by biopanning with
the hepatocellular carcinoma cell line HepG2 for the positiveselecting and the normal liver cell line L02 for the counterselecting. After three rounds of biopanning, individual scFv
phages binding selectively to HepG2 cells were picked
out. PCR was carried out for identification of the clones
containing scFv gene sequence. The specific scFv phages
were selected by ELISA and flow cytometry. DNA sequences
of positive clones were analyzed by using Applied Biosystem
Automated DNA sequencers 3 730. The expression proteins
of the specific scFv antibody fragments in E.coli HB2151
were purified by the affinity chromatography and detected
by SDS-PAGE, Western blot and ELISA. The biological
effect of the soluble antibody fragments on the HepG2 cells
was investigated by observing the cell proliferation.
RESULTS: Two different positive clones were obtained
and the functional variable sequences were identified.
Their DNA sequences of the scFv antibody fragments were
submitted to GenBank (accession nos: AY686498 and
AY686499). The soluble scFv antibody fragments were
successfully expressed in E.coli HB2151. The relative
molecular mass of the expression products was about 36 ku,
according to its predicted Mr value. The two soluble scFv
antibody fragments also had specific binding activity and
obvious growth inhibition properties to HepG2 cells.
CONCLUSION: The phage library biopanning permits
identification of specific antibody fragments for hepatocellular

carcinoma and affords experiment evidence for its
immunotherapy study.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma is the third leading cause of cancer
deaths in the world and the prognosis of patients remains
poor. Immunotherapeutic strategies against cancer have been
developed during the last 20 years. In this respect, mouse
monoclonal antibodies against tumor marks have been used
for tumor targeting and imaging[1]. The use of murine
monoclonal antibodies for therapy in humans has limitations
because of the human anti-mouse antibody response. Moreover,
whole antibodies are large molecules and have poor tumor
penetration. Several advances made during the past years
will probably facilitate the development of therapeutic
antibodies[2]. Indeed, a chimeric anti-CD20[3] antibody and
a humanized anti-HER2[4] antibody have been approved by
FDA for the treatment of non-Hodgkins lymphoma and
metastatic breast cancer respectively. These successes indicate
that immunotherapeutic modalities are effective[5]. On the
other hand, the antibody-mediated tumor immunotherapy
has become critical parts of biotherapy and is used for the
diagnosis of cancer and metastasis, fine staging, and decisions
regarding therapeutic approaches[6]. So, it is urgent to obtain
new humanized antibody specific for tumor targeting, and
it is the same state in the therapy of hepatocellular carcinoma[7].
Phage libraries displaying antibody fragments provide the
fastest route to obtain human antibody fragments[8]. The advent
of antibody fragment display on phage and the development
of large (>6×109 clones) phage display libraries[9,10] offer a
potential way of detecting new targets by biopanning using
tumor cells and counter-selecting using non-tumor cells[11-13].
Significant progress has been made using this method to
screen the antibodies against cell surface antigens[14-17]. Targeting
with scFv antibody fragments may overcome some of the
limitations of murine monoclonal antibodies, and provide
greater targeting specificity[18-20]. Here, we report the selection
of scFv antibodies binding specifically to HepG2 cells by
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using L02 as counter-selecting cells biopanning from a large
human naive scFv phage library (Griffin. 1 library)[21].

MA
TERIALS AND METHODS
MATERIALS
Materials
The human naive scFv library (Griffin. 1 library) used in this
study was a generous gift from Professor Winter, University
of Cambridge, UK. E.coli TG1 (suppressor strain for propagation
of phage particles), E.coli HB2151 (non-suppressor strain
for expression of antibody fragments) and helper phage
M13K07 were purchased from Pharmacia-Biotech. Mouse
anti-M13 antibody was from Amersham. Goat anti-mouse
IgG conjugated HRP was provided by Kirkegaard Perry
Laboratories. Goat anti-mouse IgG conjugated with FITC was
obtained from Zhongsheng, Beijing. 9E10 antibody, Ni-NTA,
FACS were purchased from Santa Cruz Biotechnology,
Qiagen, and BD, respectively.
Methods
Cell culture The hepatocellular carcinoma cell line HepG2
and liver cell line L02 were incubated in RPMI 1640
with 50 mL/L
supplemented with 100 mL/L FBS at 37
CO2.
Screening of scFv phages from phage library using
whole cells An aliquot containing 1×1012 cfu from a large
human scFv phage library was added to 1×106 L02 cells
and mixed gently for 30 min at room temperature (RT).
The phage-containing supernatant was used to resuspend a
fresh pellet of 1×106 L02 cells and incubated for 30 min at
RT, followed by pelleting the cells. Then, the resultant
subtracted phage supernatant was incubated with 5×106
HepG2 cells for 1 h at RT with gentle mixing. The cellbound phages were eluted with 0.5 mL of PBS containing
100 mmol/L citric acid (pH 2.2) for 10 min and neutralized
with 0.5 mL of 1.0 mol/L Tris-HCl (pH 7.5). E.coli TG1
was infected with the eluted phages and plated on 2×TY
agar containing 1% glucose and 100 µg/mL ampicillin. The
resultant colonies were propagated and used to prepare
phages. Biopanning was performed in triplicate using 1×1012
cfu.
FCM for polyclonal scFv phages The polyclonal scFv
phages were blocked with 6% BSA in PBS. The blocked
scFv-phage supernatants were added to parallel plates
containing 1×105 HepG2 cells (1 h, 4 , gentle agitation).
The cells were washed twice and centrifuged. Pellets were
then resuspended in 100 µL of mouse anti-M13 antibody
and incubated for 20 min at 4 . After being washed twice,
the cells were resuspended in 100 µL of goat anti-mouse
IgG conjugated with FITC and incubated for 20 min at 4 .
After being washed thrice, the cells were analyzed by flow
cytometry.
ELISA and FCM for monoclonal scFv phages E.coli
TG1 was infected with the third round scFv phages and
plated on 2×TY agar to obtain the monoclonal bacteria.
PCR was carried out for identifying clones containing the
scFv gene sequence. The clones containing scFv gene sequence
were infected with helper phage to prepare monoclonal scFv
phages. The ELISA for monoclonal scFv phages was performed
as the FCM for polyclonal scFv phages described above.
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After being washed the cells were resuspended in 100 µL
of goat anti-mouse IgG conjugated with HRP instead of
goat anti-mouse IgG conjugated with FITC, then incubated
for 20 min at 4 . Cell pellets were resuspended in 100 µL
of TMB reagents. The ELISA plates were read (A405-A 630)
and data were analyzed using a spreadsheet program
(Microsoft Excel). Monoclonal scFv phages binding to
HepG2 cells specifically were prepared for FCM.
Sequencing and analyzing of scFv DNA The positive
monoclonal bacteria were isolated and sent to BoYa Shanghai
Company for sequencing of DNA. The results of sequencing
were Blast in GenBank and analyzed using IMGT/V-Quest
software.
IMAC purification of soluble scFv antibody fragments
Bacterial clones were cultured in 1 L of 2×TY, 100 µg/mL
ampicillin, 0.1% glucose and induced with 1 mmol/L final
concentration of IPTG for 20 h at 30 . The scFv antibody
fragments were harvested from the periplasm and purified
by IMAC of pentahistidine tag fused to the scFv fragments.
The samples were dialyzed in PBS, filtered, concentrated
in about 1 mg/mL PBS.
and stored at 4
Western blot Five micrograms of purified scFv antibody
fragments was run on a 10% SDS-PAGE gel and transferred
onto nitro-cellulose. Filters were blocked for 1 h at RT in
10% Marvel/PBS. The scFv antibody fragments were
detected with the murine monoclonal antibody 9E10 followed
by anti-mouse IgG horseradish peroxidase conjugate.
Horseradish peroxidase was visualized with diaminobenzidine
tablets in the presence of cobalt ions.
Cell ELISA for purified soluble scFv antibody fragments
L02, HepG2, Hela, MCF-7 and K562 cell lines were selected
for cell ELISA to identify the specificity of the purified
soluble scFv antibody fragments binding to HepG2. The
method of cell ELISA was the same as the monoclonal
scFv-phage ELISA described above. The purified SLH04
or SLH10 was used as the first antibody, and antibody 9E10
was used as the second antibody.
Test of HepG2 cell proliferation A total of 104 HepG2 cells
were cultured in a 24-well cell culture plate. Two wells were incubated
with 500 µL of purified soluble scFv antibody fragments, SLH04
or SLH10. One well was incubated with 500 µL unrelated
antibody, the other well was not treated with any antibody.
Cells were cultured for a week and counted everyday.

RESUL
TS
RESULTS
Recovery rate of scFv-phage biopanning
An aliquot containing 1×1012 cfu scFv phage was selected
on the HepG2 and L02 cell lines. The recovery rate of
the third round biopanning was close to that of the second
round indicating that positive clones were fully enriched
(Table 1).
Table 1 Recovery rate of phage in each round of biopanning
Round
1
2
3

Input phage (cfu)
12

1×10

12

1×10
1×1012

Eluted phage (cfu)
1.9×10

Recall rate (%)

6

1.9×10-6

7

1.2×10-5
1.5×10-5

1.2×10
1.5×107

The recovery rate = eluted phage titer/input phage titer.
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Selection of scFv phages
The selected and amplified polyclonal scFv phages were
tested by FCM (Figure 1). The result also showed that
positive clones were enriched well.
200

Counts

in GenBank. The scFv DNA sequences were analyzed by
IMGT/V-Quest software and submitted to GenBank (accession
nos: AY686498 and AY686499). The region of CDR3 of
VH was absent in clone 25 and the terminator codon was
found in its open reading frame.
Result of IMAC purification
The scFv antibody fragments were harvested from the periplasm
of 1 L E.coli HB2151 infected with positive phage SLH04 or
SLH10 and the scFv antibody eluted effectively in PBS with
40 or 60 mmol/L imidazole by IMAC purification (Figure 4).
SLH10 had the same result as SLH04 (data not shown).
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Figure 1 Result of polyclonal scFv phages by FCM (from left to right: purple
-negative; green-1st round; red-2nd round; blue-3rd round).
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After E.coli TG1 was infected with scFv phages of the
third round and plated on 2×TY agar, 31 clones were
isolated. PCR was carried out for identification of the clones
combined with scFv gene sequence. Twelve positive clones
were isolated to prepare monoclonal scFv phages. By ELISA,
three scFv phages showed obviously higher binding activity
in HepG2 cells according to the data of A405-A630 (Figure2).
By FCM, clones 4, 10 and 25 showed more extensive
activity in HepG2 cells (Figure 3).
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Figure 4 SLH04 scFv antibody fragments eluted with different concentrations
of imidazole. Lane 1: periplasm before eluting; lane 2: protein marker; lane 3, 4,
5, 6, 7, 8, 9, 10: elution washings at different imidazole concentrations, 200,
150, 100, 80, 60, 40, 20, 10 mmol/L, respectively.

Results of Western blot
Five micrograms of purified scFv antibody fragments was
run on a 10% SDS-PAGE gel and transferred to nitro-cellulose
and detected with the antibody 9E10 (Figure 5).
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5

Figure 2 ELISA for monoclonal scFv phages.
31

Sequence of scFv DNA
The results of sequencing and Blast showed that clones 4
and 10 had homologous sequence of human immunoglobulin
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Figure 3 FCM for monoclonal scFv phages.
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Figure 5 Western blot of purified scFv antibodies SLH10 and SLH04. Lane 1:
protein marker; lane 2: purified scFv antibody SLH10; lane 3: purified scFv
antibody SLH04; lane 4: the induced bacterial periplasmic of HB2151; lane 5:
induced bacterial periplasm of HB2151 with pHEN2 vector.
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A405-A630

Results of cell ELISA of purified soluble scFv antibody
fragments
The two positive soluble scFv antibody fragments showed
higher ability to bind to HepG2 cells than to other cell lines
(Figure 6).

0.25

SLH04

0.20

SLH10
Negative
control
Control

0.15
0.10
0.05
0
L02

HepG2

Hela
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K562

Figure 6 Two purified soluble scFv antibody fragments cells ELISA.

Proliferation of HepG2 cell inhibited by purified antibody
fragments
The soluble scFv antibody fragments SLH04 and SLH10
showed growth inhibitory effects (Figure 7).
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Figure 7 Proliferation of HepG2 cell inhibited by purified antibody fragments.

DISCUSSION
Antibodies displayed on phages are powerful tools for the
identification of ligand specificity to targets of interest[22].
Binding ligands from this library are usually selected by
repetitive biopanning rounds usually performed on pure
antigens on a solid phase[23]. The isolation of antibodies for
cellular receptors using whole cells as affinity matrix has a
number of advantages. The receptors are likely to be in
their native conformation compared to their purified one.
Furthermore, a large number of known and novel surface
antigens can be screened at the same time[24,25]. In this respect,
some investigators have selected a number of phage antibodies
that bind to known and novel surface antigens using whole
cells[26,27].
In this study, two scFv antibody fragments were
identified which could bind more extensively to HepG2
than to L02 cell line by biopanning of liver cells from a
large naive antibody phage library. After three rounds of
biopanning, the result indicated that positive clones were
fully enriched. Then 12 monoclonal TG1 were picked out
from the clones combined with scFv gene sequence. By
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ELISA, seven of them showed no diversity binding to the
two kinds of cells, two of them bound more extensively to
L02 cells, three of them showed more extensive binding to
HepG2 cells. The three clones were identified as the final
positive clones at the end of biopanning. By sequencing
and analyzing these three scFv DNA sequences, two clones
were discovered having the right full open reading frame;
the terminator codon was found in the open reading frame
of clone 25 and its region of CDR3 of VH was absent and
mutated. Probably this is why the affinity of binding to
HepG2 showed no more specificity than the two other
positive scFv antibody fragments. Blast in GenBank indicates
that heavy chain of the scFv-04 belongs to IGHV2 family
and its light chain belongs to Vκ2 family, while the heavy
chain of the scFv-10 belongs to IGHV1 family and its light
chain belongs to Vλ3 family. Our data indicate that most
soluble scFv antibody fragments are expressed in periplasm
of the positive E.coli HB2151, few of them can be detected
in bacterial supernatant. Therefore, we cannot obtain more
soluble scFv antibodies purified from bacterial supernatant
by IMAC as described previously[28]. By cell ELISA the two
soluble scFv antibody fragments showed higher ability to
bind to HepG2 cells than to other cell lines, suggesting that
scFv antibodies can bind to living HepG2 cells specifically.
Furthermore, our data demonstrate that the two soluble
scFv antibody fragments have growth inhibitory effects when
cultured with HepG2 cells. Some antibodies have such
biological effects on target cells because they are able to
mimic the receptor-ligand interaction by triggering specific
intracellular cascades of reactions, which eventually lead to
biological signals such as inhibition of cell growth. In this
regard, anti-transferrin receptor monoclonal antibody has
the above characteristics[29,30]. However, the fact that the
transferrin receptor is expressed in most cell types makes
these antibodies less interesting for cancer therapy. According
to our results, the two scFv antibody fragments binding
specifically to HepG2 cells can be used as target molecules
in the treatment of hepatocellular carcinoma. Antibody phage
biopanning method offers a potential application in the
identification of human antibodies suitable for antitumor
therapy[31]. In summary, large human naive scFv antibody phage
library is a useful tool for the selection of antibodies against
antigens. The ability of the human scFv antibody fragments
to bind to HepG2 cell surfaces will allow them to become a
diagnostic and therapeutic reagent of HCC.
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CONCLUSION: PEITC effectively induced cell death in
the human adenocarcinoma cell line HCT116 in vitro through
classic apoptotic mechanisms. However, in the presence
of H2S, apoptosis was abolished. These data suggest that
H2S may play a significant role in the response of colonic
epithelial cells to beneficial as well as toxic agents present
within the GI tract.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Apoptosis; Colon cancer; Hydrogen sulfide;
β-phenylethyl isothiocyanate

Abstract
AIM: Hydrogen sulfide (H 2S) is a prominent gaseous
constituent of the gastrointestinal (GI) tract with known
cytotoxic properties. Endogenous concentrations of H2S
are reported to range between 0.2-3.4 mmol/L in the GI
tract of mice and humans. Considering such high levels
we speculate that, at non-toxic concentrations, H2S may
interact with chemical agents and alter the response of
colonic epithelium cells to such compounds. The GI tract is
a major site for the absorption of phytochemical constituents
such as isothiocyanates, flavonoids, and carotenoids, with
each group having a role in the prevention of human diseases
such as colon cancer. The chemopreventative properties
of the phytochemical agent β-phenyethyl isothiocyanate
(PEITC) are well recognized. However, little is currently
known about the physiological or biochemical factors
present in the GI tract that may influence the biological
properties of ITCs. The current study was undertaken to
determine the effects of H2S on PEITC mediated apoptosis
in colon cancer cells.
METHODS: Induction of apoptosis by PEITC in human
colon cancer HCT116 cells was assessed using classic
apoptotic markers namely SubG1 population analysis,
caspase-3 like activity and nuclear fragmentation and
condensation coupled with the MTT (3-(4,5-dimethylthiazol2-yl)-2,5-diphenyl tetrasodium bromide) viability assay and
LDH leakage.
RESULTS: PEITC significantly induced apoptosis in HCT116
cells as assessed by SubG1 population formation, nuclear
condensation, LDH leakage and caspase-3 activity after
24 h, these data being significant from control groups
(P <0.01). In contrast, co-treatment of cells with physiological
concentrations of H2S (0.1-1 mmol/L) prevented PEITC
mediated apoptosis as assessed using the parameters
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INTRODUCTION
Cruciferous vegetables such as broccoli, watercress and Brussels sprouts are an important food source of phytochemicals
known as glucosinolates (GSLs). Following tissue disruption
GSLs can be converted by plant and/or enteric gut bacterial
myrosinase to the organosulfur compounds isothiocyanates
(ITCs)[1,2]. Exposure to ITCs can reduce carcinogen induced
tumor formation in a diverse range of organs such as lung,
mammary gland, esophagus, liver and intestine[3,4]. Supporting
these findings are recent epidemiological studies showing
that consumption of cruciferous vegetables, the primary
source of ITCs in the human diet, can reduce cancer incidence
in humans[5,6]. Due to the promising chemopreventative
properties of crucifers and ITCs, numerous reports have
attempted to determine the mechanism(s) of action of ITC.
ITCs can inhibit phase I enzymes[7] and induce phase II
detoxification enzymes [8-12]. Moreover, the induction of
apoptosis in target tissues and cancer cells has also been
demonstrated. Previous investigations have shown that βphenylethyl isothiocyanate (PEITC), benzyl isothiocyanate
(BITC), allyl isothiocyanate (AITC) and sulforaphane (MSB)
can induce apoptosis in both in vitro and in vivo situations[13-19].
Considering the beneficial effects of ITC exposure in
the diet, surprisingly few studies have placed much emphasis
on endogenous or exogenous factors that may alter the
beneficial properties of these phytochemical agents. To date,
storage and cooking regimes, plant and bacterial myrosinase
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activity and altered conversion of GSLs to non-bioactive
nitriles have been shown to influence the response of host
tissues and cells to ITCs[20-24]. As ITCs are predominately
absorbed along the gastrointestinal tract (GI) it is conceivable
that the colonic environment may also contribute to the
host’s response to ITCs.
Hydrogen sulfide (H2S) is a well known pungent gas
and a prominent constituent present in the GI lumen.
Exogenous sources show high toxicity towards the nervous,
cardiovascular and respiratory systems in humans[25]. The
toxic effect of H2S exposure are associated with its ability to
bind reversibly to the heme site of cytochrome c aa3 site of
cytochrome c oxidase thus inhibiting oxidative phosphorylation,
although other mechanism(s) may also be involved. In
addition, endogenous sites of H2S production also exist in
mammals[26]. Catabolism of the amino acids L-cysteine and
homocysteine by cystathionine-β-synthetase (CBS) generates
appreciable levels of H2S in the brain. CBS is highly expressed
in the hippocampus and cerebellum and CBS knockout mice
have no detectable amounts of H 2S in brain tissues. In
contrast, H2S is also formed from the same precursors by
cystathionine-β-lyase (CSE) which is the predominant
enzyme in the vasculature. In addition, mammalian cells
may also be exposed to high levels of H2S through the actions
of enteric sulfate reducing bacteria in the GI tract[27]. Recent,
studies have shown that H2S concentrations in the large
intestine of mice ranges between 0.2-1 mmol/L and are
comparable to the concentration of H 2S in human feces
(0.3-3.4 mmol/L)[28,29]. Considering the high in vivo levels of
H 2S it is plausible that such concentrations may directly
affect the GI environment. Indeed, several clinical trials
have shown a correlation between H 2S levels and the
development of colorectal cancer and ulcerative colitis, such
studies highlighting a potential deleterious effect of H2S
exposure[30]. However, it is not currently known whether
H 2S is the causative factor or a consequence of such
diseases. In a more recent study Deplancke and Gaskins[31]
demonstrated that H 2 S promotes cell cycle entry,
MAPkinase activation, and cell proliferation in nontransformed intestinal IEC-18 cell in vitro. This data suggests
a link between H2S exposure and cell cycle dysregulation
which perhaps contributes to colon cancer and ulcerative
colitis development. However, considering the potential toxic
effects of H2S the GI tract has developed mechanism(s) to
reduce the adverse effects of H 2S such as increased
rhodanese expression and activity, detoxification via oxidation
to thiosulfate and bicarbonate secretion[32-34]. Therefore, H2S
production in health subjects may not lead to disease
formation due to adequate protective mechanisms. Recent
studies have shown that H2S prevents glutamate induced
oxidative stress in human neurons by stimulating glutathione
biosynthesis [35] . H 2S has also been shown to inhibit
peroxynitrite, hydrogen peroxide and superoxide mediated
cellular damage and death in neurons and myocytes by
acting as an antioxidant [36,37]. Likewise, organisms like
Saccharomyces cerevisiae and deep sea hydrothermal vent Archea
use H2S for the detoxification of methylmercury and heavy
metal ion (Cu, Zn and Co) induced toxicity [38,39] , thus
physiological concentrations in the human GI tract may
protect colon cancer cells from undergoing apoptosis.
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In view of the large quantities of H2S in the GI tract
we have systematically evaluated whether H 2S can alter
the biological response of human colon cancer HCT116
cells to the chemopreventative agent PEITC. Such data
may provide a novel insight as to how H2S, at non-toxic
concentrations, may act indirectly on colonic cells
apoptosis.

MA
TERIALS AND METHODS
MATERIALS
Cells and chemicals
Human colon cancer HCT116, HT29, SW480 and LS174T
cell lines were purchased from the American Culture
Collection (Rockville, MD). HCA-7 cells were kindly
supplied by Susan. C. Kirkland, Royal Postgraduate Medical
School, UK. β-Phenylethyl isothiocyanate, DMSO, ATP,
SDS, penicillin and streptomycin were purchased from
Sigma-Aldrich (St. Louis, MO, USA); MEM, trypsin and
FBS from GIBCO BRL (Gaithersburg, MD, USA).
Cell culture
HCT116, HT29, HCA-7 and LS174T cells were cultured in
complete DMEM (containing 100 mL/L FBS, 100 000 U/L
penicillin, 100 mg/L streptomycin, pH 7.4) in 75-cm culture
in 50 mL/L CO2. Similarly, SW480 cells
flasks at 37
were grown in RPMI 1640 medium under the above cell
culture conditions.
Cell culture treatment
NaSH was used to generate readily controlled amounts of H2S
as it dissociates to Na+and HS- in solution, then HS-associates
with H+ to produce H2S. We herein use the term H2S to
reflect the sum of the species H 2S, HS-or S2-present at
physiological pH. PEITC was dissolved in DMSO to a final
concentration of 100 mmol/L and adjusted to the required
concentration by dilution in cell culture medium. All reagents
were prepared fresh for each individual experiment.
Cell viability testing
Cell viability was determined using the MTT (3-(4, 5dimethylthiazol-2-yl)-2, 5-diphenyl tetrasodium bromide)
viability assay as previously described[40]. Activity of lactate
dehydrogenase (LDH) in the medium was measured using
an Abbott VP Biochemical Analyser with the test kit (Abbott
Laboratories, Irving, TX, USA). The total LDH activity
was determined by ultrasonication and assessed by expressing
as percentage LDH leakage (LDH in medium/total LDH
activity ×100).
Detection of nuclear morphological changes and apoptosis
To assess apoptotic cell death morphologic changes in
chromatin structure were detected by DAPI staining. Briefly,
attached cells were harvested washed with PBS, and resuspended in PBS prior to fixing with 700 mL/L ethanol
for 15 min at room temperature. Cells were centrifuged,
re-suspended in PBS and stained with 2 g/L DAPI in the
dark for 5 min. Cell suspensions were mounted on glass
slides and subjected to fluorescence microscopic examination
using a Nikon photomicroscope (Thornwood, NY, USA).
Apoptotic cells were identified by their morphology and by
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the condensation and fragmentation of their nuclei.
DNA fragmentation in HCT116 cells was measured
using propodium iodide staining followed by flow cytometry
analysis as described[41]. From each treatment 10 000 cells
were analyzed using flow cytometry (Coulter Epics Elite
ESP, Miami, FL, USA). Data was analyzed using WinMDI
2.7 software (Scripps Institute, La Jolla, CA, USA).
Measurement of caspase activity
Caspase-3 activity was determined spectrofluorometrically
using the synthetic substrate Ac-DEVD-AFC respectively
(BIOMOL Research Labs, Plymouth, PA, USA) as previously
described[42,43]. Cell homogenates were incubated with synthetic
substrate 0.2 mmol/L at 37 /2 h. The fluorescence intensity
of liberated AFC was monitored using a Tecan spectrofluor
plus plate reader (USA) using an excitation wavelength of
400 nm and an emission wavelength of 505 nm.
Statistical analysis
All data are represented by three separate experiments. All
experimental data consists of mean±SD unless otherwise
stated and were analyzed by one-way ANOVA.

RESUL
TS
RESULTS
Evaluation of PEITC mediated reduction of colon cancer cell
viability
Accumulating evidence has shown that cancer cells treated
with PEITC undergo apoptosis by inducing mitochondrial
dysfunction, sequential caspase activation, and MAPKinase
mediated apoptotic signaling[14,16]. To evaluate the cytotoxic
effects of PEITC on the viability of colon cancer cells, we
preferentially screened several commonly available cell lines
namely colorectal carcinoma HCT116, and colorectal
adenocarcinoma cell lines HT29, SW480, HCA-7 and
LS174T cells, following 24h treatments with increased
concentrations of PEITC. Cell viability was determined by
MTT assay. All cells lines were responsive to PEITC treatment
with viability decreasing in a concentration dependent
manner (Figure 1).
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the HCT116 and HT29 cell lines. Several key parameters
that are known to be involved in PEITC induced apoptosis
in HCT116 cells and HT29 cells were evaluated. Previous
investigations have shown both HCT116 and HT29 cells
are responsive to PEITC treatment, which we needed to
reconfirm under our laboratory conditions[14,44]. As represented
in Figure 2, PEITC mediated a time and concentration
dependant induction of caspase-3 like activity in HCT116 and
HT29 cells. Caspase activity was determined by measurement
of AFC fluorescence intensity derived from the catalytic
cleavage of the substrate Ac-DEVD-AFC by endogeneous
caspase. The fluorescence intensity of treated over control
cells, was used to determine the fold increase in caspase
activity. Supporting a role of caspases in PEITC induced
apoptosis was the inhibitory effects of the pharmacological
caspase inhibitors Z-VAD-FMK (pan-caspase inhibitor),
Ac-LEHD-CHO (caspase 9 inhibitor), and Ac-DEVDCHO (caspase 3 inhibitor) on PEITC induced apoptosis.
In both cell types tested all inhibitors reduced DNA
fragmentation as determined by measurement of SubG1
populations by propodium iodide staining and LDH leakage
(Figure 2).
Inhibition of PEITC mediated apoptosis by low molecular
weight sulfur compounds
Because PEITC is absorbed along the GI tract we next
evaluated whether hydrogen sulfide and other low
molecular weight sulfur compounds could protect HCT116
cells from PEITC mediated apoptosis. Incubation of
HCT116 cells with up to 1 mmol/L concentrations of
hydrogen sulfide (H2S) and its metabolic by-products sulfate
(SO4), sulfite (SO3) and thiosulfate (S2O32-) had no appreciable
effects on cell viability as determined using the MTT assay
and LDH leakage at 24 h (Figure 3). Co-treatment of
individual sulfur compounds (SO3, SO4, S2O32-) at 1 mmol/L
concentrations failed to prevent the apoptotic effects of
PEITC (40 µmol/L). In contrast, H2S co-treatment but not
pre-treatment inhibited PEITC induced apoptosis in a
concentration dependant manner that was comparable to
the low molecular weight thiol N-acetylcysteine (Figure 3).
Associated with the inhibitory effects of both H2S and NAC
was a significant reduction in caspase activity (Figure 3D).

Cell viability (% Ctrl)
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80
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60
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5 10 20 40
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Figure 1 (A) Concentration dependant loss of cell viability induced by PEITC
in colon cancer cells as determined at 24 h using the MTT viability assay. Data
are representative of three or more separate experiments (mean±SD).

Induction of apoptosis by PEITC
We next selected two cell lines for further study these being

H2S and NAC protect against BSO mediated sensitization of
HCT116 cells to PEITC induced apoptosis
Intracellular depletion of glutathione (GSH) can be achieved
using buthionine-S-sulfoximine (BSO), an inhibitor of the rate
limiting enzyme required for GSH biosynthesis. BSO treatment
sensitizes cells to apoptotic agents by reducing intracellular
GSH levels. The sensitizing effects of combined treatment
of PEITC and BSO in HCT116 cells were next investigated in
the presence of H2S and NAC. BSO at the concentration used
had no appreciable effects on cell viability. Pre-treatment
with 0.5 mmol/L BSO/24 h increased the apoptotic response
of HCT116 cells to PEITC (40 µmol/L) as determined by
the MTT assay and LDH leakage (Figure 4A). Indeed, BSO
pre-treatment decreased cell viability by 83% and increased
LDH leakage to 84.9% (P<0.01) in PEITC treated cells. Cellular
protection was afforded by co-treatment with either H2S or
NAC (1 mmol/L). Moreover, evaluation of morphological
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Figure 2 A: Time dependant Induction of caspase -3 activities in HCT116 and
HT29 cells treated with 40 µmol/L PEITC as determined at 0.5, 1, 3, 6, 16 and
24 h. B: Concentration dependant activation of caspase-3 as determined at 24 h
after incubation with PEITC (10-80 µmol/L). C: Z-VAD-FMK, Ac-LEHD-CHO
and Ac-DEVD-CHO inhibition on PEITC mediated apoptosis as determined at 24 h.
b
P<0.01, significant difference compared to control groups. Cells were treated
with individual caspase inhibitors for 1 h prior to the addition of 40 µmol/L PEITC.
SubG1 populations were determined by propodium iodide staining followed by

flow cytometry analysis as described in the materials and methods. bP<0.01,
comparing PEITC (alone) with control groups. D: Representative flow cytometry
analysis of HCT116 and HT29 cells was used to determine the extent of DNA
fragmentation in cells treated with PEITC (40 µmol/L) in the presence of caspase
inhibitors. Data were determined by PI staining at 24 h. Figure shows
representative example of at least 3 experiments. In each analysis, 10 000
events were recorded. bP<0.01, PEITC (alone) vs control and caspase inhibitor
treated groups.

and nuclear condensation also demonstrated that both H2S
and NAC prevent BSO mediated sensitization of HCT116
cells to PEITC.

exogenous sources of the reductant H2S could alter the
response of human colon cancer cells to β-phenylethyl
isothiocyanate induced apoptosis. PEITC is known to possess
potent chemopreventative properties against carcinogen
induced colon cancer in rodent models, perhaps mediated
largely by the induction of carcinogen detoxification pathways,
anti-inflammatory affects, and apoptosis [8,11,18,19,45]. It is

DISCUSSION
In the present investigation we sought to examine whether
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Figure 3 A: Effects of low molecular weight sulfur compounds on PEITC
mediate loss of cell viability; B and C: Inhibition of PEITC mediated loss of cell
viability in HCT116 cells following either co-treatment or pre-treatment (24 h)
with H2S or NAC (125 µmol-1 mmol/L) as determined by MTT or LDH leakage.
Data are expressed as mean±SD, (n = 8); D: Co-treatment with either H2S or

NAC (125 µmol-1 mmol/L) inhibits PEITC induced caspase-3 activity as
determined at 16 h and Data are representative of 3 or more separate
experiments conducted on separate occasions. mean±SD, bP<0.01 vs PEITC
treated groups.

interesting to note, that previous investigations have shown
that colon cancer cells are more sensitive to ITC mediated
cytotoxicity than there detransformed counterparts. This
property has been proposed to protect against the development
of colorectal cancer by inhibiting the growth of transformed
cell clones within the gastrointestinal mucosa[46,47]. However,
factors that may limit these beneficial effects have been
largely unexplored.
The biological properties of ITCs, including PEITC,
are predominantly mediated by the electophilic central carbon
atom of the isothiocyanate groups (R-N = C = S)[48]. The
NCS residue readily reacts with nucleophilic centers of
deprotonated thiols such as those present on glutathione
(GSH) and N-acetylcysteine (NAC) leading to the formation
of N-substituted mono-dithiocarbamate conjugates. Such
interactions alter the intracellular redox state and activate
phase II detoxification enzymes or apoptotic signaling
pathways.
Considering that sulfur metabolizing bacteria generate
appreciable levels of the thiol H 2S in the GI tract, via
metabolism of inorganic and organic sulfur compounds,
we investigated whether H2S could act in a similar manner
to GSH or NAC in the detoxification of PEITC. Early work
conducted by Zuman and Zahradnik[49] demonstrated that
organic ITCs can reversibly react with the hydrosulfide ion
of H2S forming N-mono-substituted dithiocarbomates, such
findings supporting our hypothesis. However, whether these
interactions could change the biological properties of
PEITC, as well as other ITCs were not explored. H 2S

concentrations in the GI tract range between 0.2-1 mmol/L
in mice and up to 3.4 mmol/L in human feces, therefore
chemical interaction between H2S and PEITC are highly
plausible. On the basis of the chemical nature of H2S and
its similar biological characteristics to that of both GSH and
NAC e.g. antioxidant properties and a deprotonated thiol group
in aqueous solution, perhaps H2S at physiological concentrations
may impair the biological properties of electrohilic chemopreventative agents against colon cancer cells.
In our study, PEITC reduced colon cancer cell viability
in a concentration manner in all cell lines studied (Figure 1).
In addition, we also confirmed that the loss of cell viability
in HT29 and HCT116 cells was due to the induction of
apoptosis as assessed by nuclear fragmentation and condensation, LDH leakage, caspase-3 like activation and an
increase in the SubG1 population (Figure 2). We next
addressed using the HCT116 cell line whether H2S could
impair PEITC induced apoptosis. In each assay examined H2S
significantly reduced the apoptotic response of HCT116
cells to PEITC at concentrations well within the physiological
reported levels (up to 3.4 mmol/L). Indeed, H2S was almost
as effective on a molar basis at inhibiting PEITC induced
apoptosis as the antioxidant thiol N-acetylcysteine, a known
inhibitor of PEITC intracellular up-take[12]. We assume that
the mechanism of inhibition by H2S is similar to NAC,
although this requires further study.
Understanding the mechanisms by which PEITC
mediates apoptosis and factors that may influence its in vivo
efficacy is of considerable importance as PEITC mediated
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photographs and DAPI stained cells showing cell morphological changes and
nuclear condensation. Data are representative of 3 or more separate experiments
conducted on separate occasions. mean±SD, bP<0.01 vs PEITC treated to
control groups.
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apoptosis is thought to contribute to its chemopreventative
effects. In particular, extensive induction in apoptosis by
PEITC has been observed in cell culture studies and rodent
models of colon cancer. Similarly, an inverse correlation
between ITC exposure and a reduction in colon cancer
prevalence has been demonstrated in some epidemiological
studies. Whether elevated levels of H2S observed in colon
cancer and ulcerative colitis impair chemopreventative or
chemotherapeutic drug induced anti-inflammatory and
apoptotic effects of has yet to be demonstrated.
In summary, our data reports for the first time that
physiological concentrations of H2S can inhibit the apoptotic
effects of the chemopreventative agent PEITC. It is possible
based on our data that changes in H2S levels along the GI
tract may influence the extent of PEITC mediated apoptosis
in vivo. The potential interaction of H2S with other dietary
constituents as well as chemotherapeutic drugs requires
further study.
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Abstract
AIM: To ascertain the adequacy of the microsatellite
instability (MSI) as a prognostic indicator by assessing
MSI status of patients with double primary gastric and
colorectal cancer (DPGCC).
METHODS: Sixteen patients were studied, all of whom
exhibited sporadic DPGCC, and had no family history of
hereditary non-polyposis colorectal cancer, according to
the Amsterdam criteria. A total of 32 cancers from 16
DPGCC patients, and 216 single primary CRC, were
assessed for MSI in 5 microsatellite loci, BAT25, BAT26,
D2S123, D5S346, and D17S250.
RESULTS: MSI was observed in 6 (37.5%) of 16 GC and
4 (25.0%) of 16 CRC. Thirty tumors (13.9%) out of 216
single primary CRC and one tumor (16.7%) out of 6 double
primary CRC were found to be microsatellite unstable. Of
the 6 GC with MSI in DPGCC, 5 (31.3%) were MSI-high
and one (6.3%) was MSI-low. In 5 of 16 DPGCC patients,
the cancer recurred in or adjacent to the anastomosis or
metastasized to the kidney or lung. The MSI-high DPGCC
cases were associated with a younger age of onset
(47.5 years vs 62.5 years), higher frequency of lymph
node metastasis (100% vs 25%), and advanced Dukes
stage (C, 100% vs 41.7%), as well as a higher frequency
of recurrence or metastasis (100% vs 8.3%). Only
recurrence or metastasis showed statistical significance
by Fisher’s exact test.
CONCLUSION: Our data suggest that MSI may play an
important role in the development of DPGCC, and that it
may be used clinically as a molecular predictive marker

for recurrence or late metastasis of DPGCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric cancers (GC) and colorectal cancers (CRC) are
common neoplasms in Korea and Japan. Almost 5% of
GC and CRC patients develop other primary gastrointestinal
(GI) cancers, either synchronously or metachronously[1]. GC
is the most prevalent extra CRC among multiple primary
GI cancers involving CRC in Korea and Japan[2,3]. The
determination of high-risk groups of patients with multiple
primary cancers involving the GI tract is important for
clinical management, especially with regard to the prediction
of patient’s prognoses[4]. The most well-known example of
multiple primary cancers is hereditary non-polyposis
colorectal cancer (HNPCC), an autosomally dominant
hereditary syndrome which is caused by germline mutations
in mismatch repair genes, including hMSH2, hMLH1,
hPMS1, hPMS2, and hMSH6. Ninety percent of HNPCCs
exhibit microsatellite instability (MSI)[5]. MSI has also been
observed in approximately 15-30% of single sporadic GC[6,7]
and in 10-15% of single sporadic CRC[8,9]. Germline mutations
of MLH1 and MSH2 occur at approximately equal
frequencies in HNPCC, whereas virtually all sporadic MSIhigh cancers develop due to epigenetic silencing of the
MLH1 promoter through somatic hypermethylation[10-13].
MSI may impart a favorable prognosis in colorectal, gastric,
pancreatic, and probably esophageal cancers, but a poor
prognosis in non-small cell lung cancer[14].
Some reports have suggested the contribution of MSI
in double primary cancers involving both the colorectum
and stomach in the same patient[4,15-17]. According to these
reports, MSI is an indicator of increased cancer susceptibility
in these double primary gastric and colorectal cancer
(DPGCC) patients and genetic instability may play an
important role in the development of these cancers.
However, little remains known regarding the prognostic role
of MSI in DPGCC, although a number of previous studies

Kim YH et al. MSI of double primary colorectal/stomach cancer

have focused on the etiology or carcinogenic mechanisms
of DPGCC. Therefore, we examined MSI status in patients
with DPGCC in order to ascertain the adequacy of MSI as
a prognostic indicator.
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stage (Dukes B or C).
Two hundred and sixteen single primary CRC, and 6
double primary CRC, were analyzed for MSI for the
comparison in the current study for DPGCC.
We followed the recurrence and survival of 16 patients
with DPGCC for at least 18 mo.

MA
TERIALS AND METHODS
MATERIALS
Patients
Sixteen patients with sporadic DPGCC were studied. None
of these cases had any family history of the HNPCC,
according to the Amsterdam criteria for HNPCC. All
patients underwent curative resections of both stomach and
large bowel with tumor-free resection margins at the
Department of Surgery, Samsung Medical Center, between
January, 1994 and December, 2002, with the exception of
one (case 12). Clinicopathological features are summarized
in Table 1. Ages ranged from 35 to 76 (58.8±10.1) years.
Patients with synchronous DPGCC were defined as cases
diagnosed with a secondary cancer that was detected within
6 mo of the detection of primary cancer, and those with
metachronous DPGCC were defined as cases diagnosed
with a secondary cancer detected more than 6 mo later, as
previously described[15,18]. Our study included 12 cases of
synchronous (75.0%) and 4 cases of metachronous (25.0%)
DPGCC. In one out of the 4 metachronous cases, the initial
cancer was GC; in the remaining 3, it was CRC. The average
ages of patients with synchronous and metachronous
DPGCC were the same as the mean, 58.8 years. In cases
of GC, 10 were found to be intestinal type (62.5%), and 6
cases were diffuse type (37.5%). Four cases were early
type (25.0%), and 12 cases were advanced type (75.0%).
No lymph node metastasis was detected in any of the cases
of GC, and all cases were at stage I. In cases of CRC, six
(37.5%) were located at the left-side of the colon or in the
rectum. Four cases exhibited mucinous differentiation
(25.0%) and 12 cases evidenced moderate tubular
differentiation (75.0%). Nine cases (56.3%) of CRC exhibited
lymph node metastasis, and 14 (87.5%) were at an advanced

DNA extraction and MSI analysis
Microdissection was performed by an expert pathologist in
this field using 10-µm-thick hematoxylin-stained tissue
sections in order to reduce contamination from other cellular
DNA components. DNA was extracted from formalin-fixed,
paraffin-embedded archival specimens of tumors and
matched normal tissues, using the DNeasy Tissue kit
(Qiagen, Hilden, Germany).
Five primers from independent genomic sites, including
two mononucleotide repeat microsatellites (BAT25 and
BAT26) and three dinucleotide repeat microsatellites
(D2S123, D5S346 and D17S250), all of which were
recommended by the National Cancer Institute workshop,
were used in this study. Forward primers were synthesized
with a fluorescent tag (FAM and NED) on the 5’ end, and
were purified by standard high-perfor mance liquid
chromatography. One hundred nanograms of DNA was
amplified in a 20 µL reaction solution, which containing
2 µL of 10× buffer (Roche, Mannheim, Germany), 1.753 mmol/L MgCl2, 0.4 µmol/L primer pairs, 250 µmol/L
deoxynucleoside triphosphate, and 2.5 units of DNA
polymerase (Roche, Mannheim, Germany). Amplifications
were performed using a 2 min initial denaturation at 94 ,
followed by 30 cycles of 45 s at 94 , 45 s at 55 , and
45 s at 72 , and 5 min final extension at 72 . The
fluorescence-labeled PCR products were electrophoresed
on an Applied Biosystems 3100 automated DNA sequencer
(Applied Biosystems, Foster, USA), and the fluorescent
signals from the differently-sized alleles were recorded and
analyzed using Genescan software (version 2.7; Applied
Biosystems).

Table 1 Clinicopathologic features of double primary gastric and colorectal cancers
Case

Sex

Age (yr)

Onset

Gastric cancer
Differentiation

T

N

Stage

Site

Colorectal cancer
Differentiation

T

N

Stage
3/C

1

Male

49

Synchronous

Diffuse

1

0

1

TC

Moderate

4

1

2

Male

35

Synchronous

Intestinal

2

0

1

AC

Mucinous

3

2

3/C

3

Male

50

Metachronous

Intestinal

2

0

1

DC

Moderate

3

1

3/C
3/C

4

Male

56

Synchronous

Intestinal

1

0

1

C

Moderate

3

1

5

Male

68

Synchronous

Intestinal

1

0

1

SC

Mucinous

3

0

2/B

6

Male

57

Synchronous

Diffuse

1

0

1

R

Moderate

3

2

3/C

7

Male

54

Synchronous

Intestinal

2

0

1

SC

Moderate

2

0

1/A

8

Male

61

Synchronous

Intestinal

1

0

1

AC

Moderate

2

0

1/A

9

Female

76

Metachronous

Intestinal

1

0

1

TC

Moderate

3

0

2/B

10

Male

65

Synchronous

Intestinal

1

0

1

AC

Moderate

3

0

2/B

11

Female

65

Synchronous

Diffuse

1

0

1

AC

Mucinous

3

1

3/C

12

Male

48

Metachronous

Diffuse

?

?

?

AC

Moderate

3

2

3/C

13

Male

71

Synchronous

Intestinal

1

0

1

AC

Well

3

1

3/C

14

Male

65

Synchronous

Diffuse

1

0

1

SC

Moderate

3

0

2/B

15

Male

59

Synchronous

Intestinal

1

0

1

AC

Mucinous

3

0

2/B

16

Male

61

Metachronous

Diffuse

2

0

1

SC

Moderate

3

1

3/C

C, cecum; AC, ascending colon; TC, transverse colon; DC, descending colon; SC, sigmoid colon; R, rectum.
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Statistical analysis
Either Fisher’s exact tests or Mann-Whitney tests were used
to analyze variations in MSI status between various
parameters. P values of less than 0.05 were considered
statistically significant. Specialized statistical assistance was
warranted by the small number of samples.

RESUL
TS
RESULTS
A total of 32 cancers from 16 Korean DPGCC patients
and 216 single primary CRC cases were assessed for MSI,
for 5 microsatellite loci. MSI results are summarized in
Table 2. MSI was observed in six (37.5%) of 16 GC and 4
(25.0%) of 16 CRC in DPGCC patients (Figure 1). Thirty
(13.9%) tumors of 216 single primary CRCs and one
(16.7%) tumor of 6 double primary CRCs were found to
be microsatellite unstable. Of the 6 GC with MSI in
DPGCC, 5 (31.3%) were MSI-high and one (6.3%) was
MSI-low. All CRC with MSI were MSI-high. There was an
increasing tendency of MSI detected, with the lowest
probability in single primary CRC, followed by double
primary CRC, CRC of DPGCC, and GC of DPGCC. Two
of six patients with MSI (33.3%) exhibited heterogeneity in
terms of microsatellite alterations. For example, one lesion
exhibited the MSI phenotype, but the other lesion in the
same patient proved uninformative. One MSI in double
primary CRC showed homogeneity with regard to MSIhigh status.
Five patients of 16 DPGCC exhibited recurrence, either
in or adjacent to the anastomosis or metastasis to different
organs, such as the kidney or lung (Table 2). Case 1 exhibited
recurrence of GC, 21 mo after the initial diagnosis, and
recurrence of CRC 22 mo, after the initial diagnosis, both
occurring at the anastomosis site. Case 2 exhibited metastatic
GC in the right kidney, 88 mo after initial diagnosis. Case 3
exhibited an ampulla of Vater cancer at the time of initial
diagnosis. Case 4 exhibited a recurrent CRC in another
colonic segement (initial, cecum; recurred, transverse colon)
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10 mo after the initial diagnosis. Case 16 exhibited metastatic
CRC in the left lung 67 mo after the initial diagnosis.
The MSI-high DPGCC was associated with a younger
age of onset (47.5 years vs 62.5 years), a higher frequency
of lymph node metastasis (100% vs 25%), advanced Dukes
stage (C, 100% vs 41.7%), and higher frequency of
recurrence or metastasis (100% vs 8.3%) (Table 3). Only
recurrence or metastasis showed statistical significance, with
P values of less than 0.005, by Fisher’s exact test.
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Figure 1 Typical results of microsatellite instability (MSI) of tumors. A: Abnormal
MSI peaks (arrows) of gastric cancer from case 4; B: Abnormal MSI peaks
(arrows) of colonic cancer from case 2(upper raw: normal tissue, middle raw:
cancer tissue, low raw: upper raw + middle raw).

Table 2 Microsatellite instability (MSI) and follow-up results of double primary gastric and colorectal cancers
Case

Gastric cancer (GC)
bat26

D5S346

bat25

D17S250

Colorectal cancer (CRC)
D2S123

MSI

bat26

D5S346

bat25

D17S250

D2S123

MSI

1

H

H

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

H
H
H
H
L
S
S
S
S
S
S
I
S
I
I

H
H
H
I
I
S
S
S
S
S
S
S
I
S
S

Follow-up (mo)
21, alive, RGC
22, alive, RCRC
88, alive, MGC, kidney
58, alive, +AOV cancer
10, alive, RCRC
18, alive, NED
38, alive, NED
29, alive, NED
18, alive, NED
114, alive, NED
85, alive, NED
61, alive, NED
82, alive, NED
19, alive, NED
17, alive, NED
29, alive, NED
67, alive, MCRC, lung

H, MSI-high; L, MSI-low; I, inconclusive; NED, no evidence of disease; RGC, recurrent gastric cancer; RCRC, recurrent colorectal cancer; MGC, metastatic gastric
cancer; MCRC, metastatic colorectal cancer; AOV, ampulla of Vater.
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Table 3 Differences of double primary gastric and colorectal
cancers according to microsatellite instability (MSI)
Both MSI-high (n = 4)

Others (n = 12)

P

4:0
47.5±8.9 (35-56)

10 : 2
62.5 ±7.6 (48-76)

NS
NS

Male : Female
Age (yr)
Gastric cancer
- intestinal : diffuse

3:1

7: 5

NS

- size (cm)
Colorectal cancer

2.8

3.1

NS

- tubular : mucinous
- size (cm)

3:1
4.7

9:3
4.2

NS
NS

- node metastasis
- Dukes A : B : C

100%
0:0:4

25%
2:5:5

NS
NS

Recurrence, metastasis,
or other organ malignancy

100%

8.3%

<0.005

NS: not significant.

DISCUSSION
MSI has been suggested to play an important role in
the development of multiple primary cancers of the
gastrointestinal tract. Thus, MSI appears to be useful in
screening for the detection of a high-risk group for
secondary primary cancer in some patients with sporadic
single gastric and colorectal cancers, because it is rapid and
inexpensive.
MSI has been observed in approximately 15-30% of
single sporadic gastric cancers[6,7] and 10-15% of single
sporadic colorectal cancers[8,9]. Our results regarding MSI
rate in double primary CRC and single sporadic CRC, were
not radically different from the results of other investigators.
In our study, MSI was observed in 31.3%, 25.0%, 16.7%,
and 13.9% of GC in patients with DPGCC, CRC of patients
with DPGCC, double primary CRC, and single primary
CRC, respectively. This indicates that genetic instability may
play an important role in the development of multiple
primary cancers of the GI tract. MSI has been observed
more frequently in multiple GI cancer patients than in those
with single primary gastric or colorectal cancers, as
demonstrated in previous reports[3,4]. Concordant MSI rate,
and MSI-high status in both cancers, has been reported
17.7-25.0% of DPGCC[3,15]. Our result is very similar to
these. Yamashita et al.[4], reported that MSI-high status was
seen more frequently in the same organ group, especially in
multiple GC patients, than in different organ groups, and
lesions from different organ groups tended to show MSIlow or stable phenotype. Thus, MSI in multiple GI cancers
containing GC appears to be relatively common, and may
play an important role in multi-organ carcinogenesis.
The relationship between MSI of DPGCC and patient
prognosis or clinicopathological features remains unclear.
Kim et al.[3], reported that MSI-positive CRC was characterized
by fungating tumor gross, poor or mucinous differentiation,
and rare nodal metastasis. MSI-positive GC was characterized
by intestinal type, smaller size, and rare nodal spread. They
were unable to explain discrepancies in size and differentiation
between CRC and GC. According to our result, the
clinicopathological features of GC were basically the same
concordantly MSI-positive GC as was observed in other
cases of DPGCC. Studied cases were usually intestinal type,
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and at a relatively early stage. Differences, in general, were
seen in the age and the clinicopathological features of CRC.
Concordantly MSI-positive CRC was associated with
younger age, larger tumor size, more frequent nodal
metastasis, higher stage, and more frequent recurrence and
distant metastasis. Our results were also different from
others. Ohtani et al.[15], reported that concordantly MSIpositive CRC was usually associated with better prognosis.
There were no dead patients found, among 5 concordantly
MSI-positive DPGCC, and 4 dead patients (26.7%) among
the 15 remaining cases. However, no explanation was given
in their report regarding about the causes of death. In our
results, we found no cancer-related or natural deaths in the
studied cases. Ikeda et al.[19], compared the prognosis of
patients with DPGCC with patients with single cancer, and
reported that the former was better than the latter. One
explanation for this difference in prognosis may be that
DPGCC is often discovered at an early stage. According to
our results, the stage of DPGCC was more advanced in
concordantly MSI-positive DPGCC. Thus, we suggested
that the prognosis of patients with DPGCC appears to be
dependent on stage.
Interestingly, there have been no reports regarding the
recurrence or late metastasis in patients with DPGCC. We
followed the hospital course of all studied cases. Case 1
was a unique example of cancer recurrence in patients with
concordantly MSI-positive DPGCC. This patient had
mucosa-confined early gastric cancer and Dukes C CRC in
the transverse colon synchronously, and underwent curative
resection for both organs with ample resection margins.
However, both tumors recurred at the anastomosis sites,
21 and 22 mo after the initial diagnosis. Case 2 was also
very unique. He had submucosa-confined early gastric cancer
and Dukes C CRC in the ascending colon synchronously,
and underwent curative resection for both organs with ample
resection margins. The patient then had an uneventful history
for 7 years. However, renal metastasis of previous early
gastric cancer was found 88 mo after the initial diagnosis.
Cases 4 and 16 were examples of recurrence and late distant
metastasis of advanced-stage CRC. Recent studies have
revealed the significance of MSI in gastric carcinogenesis.
Kashiwagi et al.[20], reported that MSI in the gastric biopsy
specimens of chronic gastritis patients may predict the risk
of progression to adenoma and well-differentiated
adenocarcinoma. Kim et al.[21], reported that gastric carcinomas
arising from adenomas are frequently associated with MSI.
These data, and ours, suggest that MSI might play an
important role in the early phase of carcinogenesis, and is,
therefore, related to the delayed development of recurrent
disease. Less clear is the role of and mechanisms underlying
MSI-low status. In our study, only one MSI-low was found.
Due to its rarity, the meaning of MSI in DPGCC,
whether concordantly-positive or not, is still a topic which
warrants future investigation. Our data suggest that MSI
may play an important role in the development of DPGCC,
and that it may be used clinically as a molecular marker for
the prediction of recurrence or late metastasis of DPGCC.
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stained survivin was mainly in cytoplasm of LoVo cells.
Semi-quantitative analysis of the survivin immunostaining
showed that the expression of survivin in LoVo cells under
irradiation with immunoliposomal docetaxel was significantly
decreased.
CONCLUSION: Immunoliposomal docetaxel is strongly
effective for target radiosensitation in LoVo colon
carcinoma cells, and may offer the potential to improve
local radiotherapy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To enhance the radiosensitivity of human colon
cancer cells by docetaxel.
METHODS: Immunoliposomal docetaxel was prepared
by coupling monoclonal antibody against carcinoembryonic
antigen to cyanuric chloride at the PEG terminus of
liposome. LoVo adenocarcinoma cell line was treated with
immunoliposomal docetaxel or/and irradiation. MTT
colorimetric assay was used to estimate cytotoxicity of
immunoliposomal docetaxel and radiotoxicity. Cell cycle
redistribution and apoptosis were determined with flow
cytometry. Survivin expression in LoVo cells was verified
by immunohistochemistry. D801 morphologic analysis
system was used to semi-quantify immunohistochemical
staining of survivin.
RESULTS: Cytotoxicity was induced by immunoliposomal
docetaxel alone in a dose-dependent manner. Immunoliposomal docetaxel yielded a cytotoxicity effect at a low
dose of 2 nmol/L. With a single dose irradiation, the
relative surviving fraction of LoVo cells showed a dosedependent response, but there were no significant
changes as radiation delivered from 4 to 8 Gy. Compared
with liposomal docetaxel or single dose irradiation,
strongly radiopotentiating effects of immunoliposomal
docetaxel on LoVo cells were observed. A low dose of
immunoliposomal docetaxel could yield sufficient
radiosensitivity. Immunoliposomal docetaxel were
achieved both specificity of the conjugated antibody and
drug radiosensitization. Combined with radiation,
immunoliposomal docetaxel significantly increased the
percentage of G 2/M cells and induced apoptosis, but
significantly decreased the percentage of cells in G2/G1
and S phase by comparison with liposomal docetaxel.
Immunohistochemical analysis showed that the brown
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INTRODUCTION
Colorectal cancer is one of the most common malignant
diseases in the world[1-3]. In the treatment of colorectal cancer,
local recurrence is a major problem. To improve the overall
survival and reduce the local recurrence rate after surgery,
additional radiotherapy is given either preoperatively or
postoperatively[4-7]. Docetaxel has substantial radiosensitizing
properties for malignant tumors. It inhibits microtubule
disassembly and interferes with mitotic spindle function to
block cells at G2/M, the most radiosensitive phase of cell
cycle[8,9].
Conventional radiosensitizers alone are limited by side
effects due to their poor selectivity for tumors. Monoclonal
antibody specific tumor antigen makes them possible to
enhance the selectivity by a targeted delivery approach[10,11].
Radiation induces apoptosis of neoplastic cells. The extent
of radiation-induced apoptosis correlates closely with
radiosensitivity[12,13]. Apoptosis is regulated by activators and
inhibitors in signal transduction pathways. In this study, we
attempted to investigate the radiosensitization of colon
carcinomas targeting with docetaxel liposome conjugated
antibody specific for carcinoembryonic antigen (CEA). The
aim of this study was to selectively deliver of docetaxel
and to enhance the radiation sensitivity of human colon
cancer cells. In order to increase radiotherapy effects on
local tumors and to improve the quality of life and overall
survival, radiosensitizers should be delivered into the tumor.
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This workshop considered a new approach by use of
targeted radiosensitizers to improve radiotherapy.

MA
TERIALS AND METHODS
MATERIALS
Chemical and biological materials
Cholesterol, and soy phosphatidylcholine were purchased
from Shanghai Chemical Agent company. 3-(4,5Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) , cyanuric chloride, O-(2-aminoethyl) polyethylene
glycol 3000, N,N-diisopropylethylamine, dimethyl sulfoxide
(DMSO), 1.2-dipalmitoyl-sn-glycero-3-phosphoethanolamine
(DPPE) were purchased from Sigma. Docetaxel was
kindly supplied by Jiangsu Hengrui Medicine Co.
Monoclonal antibody specific for CEA was purchased
from Beijing Zhongshan Biotechnology Co. Immunocytochemical detection kit was from Wuhan Boster Biological
Technology Co.
Preparation of immunoliposomal docetaxel
Immunoliposomal docetaxel was prepared according to the
method described by Bendas[14-17] with minor modifications.
Briefly, a 2-fold molar of N, N-diisopropylethylamine and
a 3-fold molar cyanuric chloride were added to chloroform
solution of DPPE, mixed for 12 h, then DPPE-cyanuric
chloride was isolated. DPPE-PEG-OH was prepared by
adding a 1-fold molar aminopolyethylene glycol 3000 and a
2-fold molar of N,N-diisopropylethylamine to DPPEcyanuric chloride. PEG terminus was activated by reaction
with 1-fold molar of cyanuric chloride in addition to a 2-fold
molar of N,N-diisopropylethylamine. DPPE-cyanuric
chloride (cyanur-PEG-PE) was synthesized.
Liposomal docetaxel was prepared with soy phosphatidylcholine cholesterol 2:1 (molar ratio), cyanur-PEG-PE
(0.5 mmoL), docetaxel (1 µmoL). Multilamellar vesicles were
extruded through a 200 nm polycarbonate membrane.
Antibody conjugated with docetaxel liposomes: anti-CEAantibody molar ratio of 1 000:1 was prepared in 0.15 mol/L
NaCl (pH 8.8). Unbound antibodies were separated by gel
permeation chromatography using Sepharose 4B.
Cell culture
LoVo cells, the CEA-expressing human colon adenocarcinoma
cell line, were maintained in Dulbecco’s modified Eagle’s
medium supplemented with 10% heat-inactivated fetal calf
serum, 100 µg/mL streptomycin, 100 units/mL penicillin.
The population doubling time was approximately 30 h. LoVo
in a humidified atmosphere of
cells were grown at 37
50 mL/L CO2.
Treatment with immunoliposomal docetaxel and irradiation
LoVo cells (5×10 3) were plated onto 96-well plates or
6-well plates. Before the administration of appropriate
doses of immunoliposomal docetaxel or radiation, cells
were plated for 24 h to allow attachment. LoVo cells were
incubated with different concentrations of immunoliposomal
docetaxel or liposomal docetaxel as equivalent docetaxel
doses of 1 nmol/L, 2 nmol/L, 10 nmol/L, 100 nmol/L
and 1 000 nmol/L for 2 h at 37 . After washing thrice with
culture medium, the cells with or without radiation were
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incubated for 24 h or 48 h at 37 . Cells were X-irradiated
at 0, 2, 4, 6 and 8 Gy respectively . Irradiation was performed
with 6-MV photons generated by a Philips SL-75 linear
accelerator at a dose rate of 1.3 Gy/min. In the combined
treatment modality studies, the treated cells were incubated
for 24 h before radiation treatment. All doses were delivered
without interruption and with the same focus-target distance.
MTT assay
LoVo cells were treated with various concentrations of
immunoliposomal docetaxel, and some were exposed to
radiation. To measure cell proliferation, the colorimetric
method based on MTT assay was used [18,19]. Cells were
stained with MTT (50 mg/mL) and incubated for 4 h at
in a humidified atmosphere of 50 mL/L CO2. Then
37
the cells were lysed in DMSO, and the solutions were read
in a Bio-Tek spectrophotometer at 570 nm. The production
of formazan crystals, and the intensity of color after their
dissolution, were proportional to the number of viable cells.
Flow cytometric analysis
At the end of each treatment, LoVo cells were harvested
with 0.5 g/L trypsin and 0.2 g/L EDTA. Cells were fixed in
for 2 h, centrifuged,
2 mL of 70% cold ethanol at 4
washed twice with phosphate buffered saline (PBS), and
resuspended in 0.5 mL propidium iodide (PI)/RNase A
solution. The mixed cells were incubated in the dark at room
temperature for 10 min. The fluorescence emission of
stained cells was measured with a Becton Dickinson flow
cytometer. The number of cells and DNA content were
detected by flow cytometry, the fraction of cells in each
phase of cell cycle was analyzed. Apoptotic cells were
determined by the hypodiploid peak.
Immunohistochemistry
Streptoavidin-biotin peroxidase complex technique was used
for staining cells. The treated LoVo cells were harvested
and plated on slides. The cells were fixed in 95% aqueous
alcohol. The endogenous peroxidase activity was blocked
by a 3% solution of hydrogen peroxide in methanol for
30 min. Cells were immunostained using monoclonal
antibody against human survivin for 1 h at 37 . After
three further washes with PBS, a second biotinylated rabbit
anti-mouse antibody was applied for 1 h at room temperature.
Following extensive washes with PBS, color development
was demonstrated with diaminobenzidine tetrahydrochloride
chromagen. The slides were lightly counterstained with
hematoxylin. Stained cells were examined using light
microscopy and photographed. JD801 morphologic analysis
system for color-image measurement was used to semiquantify immunohistochemical staining of survivin.

RESUL
TS
RESULTS
Determination of the cytotoxicity of immunoliposomal docetaxel
to LoVo cells
To determine the cytotoxicity of immunoliposomal
docetaxel to human colon cancer cells, LoVo cells were
treated with various concentrations of immunoliposomal
docetaxel for 24 or 48 h. Relative survival data for LoVo
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Figure 1 Cytotoxicity of immunoliposomal docetaxel to LoVo cells.

Radiotoxicity to LoVo cells
LoVo cells received a series of test doses of radiation,
ranging from 2 to 8 Gy. The radiotoxicity generated is shown
in Figure 2. At the doses of 4 to 8 Gy, the reaction to
irradiation appeared less pronounced.
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Figure 2 Radiotoxicity to LoVo cells irradiated with single doses.

Cell cycle effects
To determine whether immunoliposomal docetaxel in
combination with radiation could increase cellular sensitivity
to radiation through cell cycle redistribution, we analyzed
the LoVo cells by flow cytometry. After treatment with
immunoliposomal docetaxel or liposomal docetaxel, all cells
were irradiated at 2 Gy. The response of LoVo cell cycle to
radiation is shown in Figure 4. Compared to treatment with
liposomal docetaxel, the percentage of G2/M cells treated
with immunoliposomal docetaxel was significantly increased
(P<0.01), but the percentages of cells both in G2/G1 phase
and in S phase were decreased significantly (P<0.05).
Apoptosis was also monitored by flow cytometry (Figure 4).
Apoptosis was significantly increased in LoVo cells due to
the combined effects of immunoliposomal docetaxel and
radiation.

Percentage (%)

0
Immunoliposomal docetaxel (nmol/L)

Relative surviving fraction (%)

radiopotentiating effects were found after treatment with
liposomal docetaxel.

Relative surviving fraction (%)

Relative surviving fraction (%)

cells are shown in Figure 1. Under the treatment with
2 nmol/(L d) immunoliposomal docetaxel for 24 h,
survival was decreased 12% as compared with 1 nmol/L a
immunoliposomal docetaxel. The results for Figure 1
also indicate that LoVo cells were more sensitive to
immunoliposomal docetaxel treatment in 24 h than for
48 h. The cytotoxicity was induced by immunoliposomal
docetaxel alone in a dose-dependent manner. The
immunoliposomal docetaxel yielded a cytotoxicity effect at
a low dose of 2 nmol/L.
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Target radiopotentiating effect of immunoliposomal docetaxel
To examine whether immunoliposomal docetaxel could
target LoVo cells and reveal radiopotentiating effect, these
cells were treated with immunoliposomal docetaxel and
liposomal docetaxel, respectively, then irradiated at the dose
of 2 Gy radiation doses. The control cells were irradiated
alone. Using MTT assay, the relative surviving fractions
were obtained. The results in Figure 3 showed that
immunoliposomal docetaxel was strongly radiopotentiated
in LoVo cells, compared with the effects of liposomal
docetaxel or single irradiation (P<0.05). No significant
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G2/M

S

G2/G1 Apoptosis

Figure 4 Combined of effect immunoliposomal docetaxel and radiation on cell
cycle distribution and apoptosis.

Immunohistochemical analysis of survivin
Survivin expression in LoVo cells after irradiation and
treatment with immunoliposomal docetaxel was verified by
immunocytochemistry. Survivin was positively stained with
anti-survivin monoclonal antibody. Representative results
are shown in Figure 5.
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Figure 5 Expression of survivin in LoVo cells.

Integral optical density in survivin

Semiquantitative assessment of survivin staining
Positive staining of survivin was mainly present as diffuse
cytoplasmic staining with variable intensity. Integral optical
density of survivin was detected semiquantitatively by
immunohistochemical staining combined with image analysis.
For density measurement, color-images were directly
analyzed using D801 morphologic analysis system. The
semiquantitative data reported here were directly comparable
to image analysis data. Survivin expression in LoVo cells
after irradiation and treatment with immunoliposomal
docetaxel was significantly decreased in comparision to
treatment with liposomal docetaxel (P<0.001, Figure 6).
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Figure 6 Survivin expression in LoVo cells were determined by quantitative
image analysis.

DISCUSSION
Docetaxel plays an important role in the treatment of human
malignancies, particularly ovarian and breast cancer[17,18]. It
inhibits mitotic progression and induces programmed cell
death[19]. For systemic toxicity of docetaxel, the optimal usage
is the targeted delivery.
Liposome is used as a potential vector for targeted
delivery of radiosensitizers[20]. Liposome is a phospholipid
bilayer membrane-bound vesicle capable of encapsulating
a wide variety of substances either within their lipid
membrane or their central aqueous core. Liposome
incorporates polyethylene glycol components and has a
prolonged circulation half-life. Liposomal doxorubicin is
understanding clinical phase II pilot study in patients with
inoperable squamous cell cancer of the head and neck[21].
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Maruyama et al.[22], introduced a PEG-PE derived lipid with
a terminal maleimide group for the reaction with thiolated
antibodies. Allen et al.[23], synthesized a thiol-reactive PEG
anchor for reaction with maleimide-containing antibodies.
The terminal coupled antibody shows an increased target
binding ability compared with conventional immunoliposomes[24]. A drawback of these coupling procedures is
the need of derivation for the attachment of antibody. Two
reagents are needed to activate PEG-derivatives with
carboxy groups. In this study, a new liposomal membrane
anchor was introduced for the covalent attachment of
antibody to liposomes. Anti-CEA-antibody is simply and
rapidly coupled to cyanuric chloride at the PEG terminus
of liposome without previous derivatization.
Immunoliposomal docetaxel may be an attractive
strateg y for target radiopotentiation because it can
radiosensitize LoVo cells. Docetaxel is targeted by specific
anti-CEA-antibody. Our study demonstrate that docetaxel
conjugated to a monoclonal antibody specific for CEA
tumor-associated antigen could exert efficient and specific
cytotoxicity to CEA-expressing LoVo cells. Immunoliposomal docetaxel alone showed dose-dependent cytotoxicity
to LoVo cells. Furthermore, anti-CEA-antibody enhanced
the target effects of docetaxel and led to radiosensitization.
Immunoliposomal docetaxel achieved both specificity
of the conjugated antibody and drug radiosensitization.
Using a low dose of immunoliposomal docetaxel could yield
sufficient radiosensitization. Radiation combined with
immunoliposomal docetaxel caused a significant increase in
the population of G2/M cells. One of the mechanisms
may correlate to the effects of docetaxel such as interfering
with normal microtubule function, blocking cells in G2/M,
and enhancing the sensitivity to apoptosis[25,26]. The presence
of arrest in G2/M did not seem to be a sufficient condition
to enhance radiation sensitivity. Redistribution of cell cycle
due to radiosensitization induced by immunoliposomal
docetaxel was observed. Increased apoptosis may have a
potential correlation to increased radiosensitivity.
Furthermore, apoptosis may be regulated by a complex
balance in signal transduction pathways between apoptosisactivating factors, such as p53 and bax, and antiapoptotic
factors, such as the bcl-2 family and inhibitor of apoptosis
protein (IAP) family[27]. Survivin, a newly identified member
in IAP family, is a strong apoptosis inhibitor. It can be found
during fetal development and in colorectal cancer [28].
Expression of survivin may confer a certain degree of
radioresistance to rectal cancer cells[29-31]. In the present study,
we attempted to find a relationship between the expression
of survivin and radiation-induced apoptosis.
Immunohistochemistry examination showed that
survivin was mainly in cytoplasm of LoVo cells. Moreover,
semiquantitative analysis of the immunohistochemical
staining of survivin indicated that a low survivin expression
was associated with a significantly higher radiosensitivity after
treatment with immunoliposomal docetaxel combined with
irradiation. LoVo cells were radiosensitized significantly by
decreased expression of survivin. The alteration of survivin
expression in LoVo cells may partially explain the enhanced
apoptosis and radiation sensitivity.
In conclusion, immunoliposomal docetaxel is strongly
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effective for target radiosensitizing in LoVo colon carcinoma
cells, and may offer the potential to improve local radiotherapy.

16

REFERENCES

17

1

18

2

3

4

5

6

7

8

9

10

11
12

13

14

15

Shunyakov L, Ryan CK, Sahasrabudhe DM, Khorana AA.
The influence of host response on colorectal cancer prognosis.
Clin Colorectal Cancer 2004; 4: 38-45
Sarid D, Wigler N, Gutkin Z, Merimsky O, Leider-Trejo L,
Ron IG. Cutaneous and subcutaneous metastases of rectal
cancer. Int J Clin Oncol 2004; 9: 202-205
Munro AJ, Bentley AH. Deprivation, comorbidity and survival in a cohort of patients with colorectal cancer. Eur J Cancer Care 2004; 13: 254-262
Hahnloser D, Haddock MG, Nelson H. Intraoperative radiotherapy in the multimodality approach to colorectal cancer.
Surg Oncol Clin N Am 2003; 12: 993-1013
Hocht S, Hammad R, Thiel HJ, Wiegel T, Siegmann A, Willner
J, Wust P, Herrmann T, Eble M, Flentje M, Carstens D, Bottke
D, Neumann P, Hinkelbein W. Recurrent rectal cancer within
the pelvis. A multicenter analysis of 123 patients and recommendations for adjuvant radiotherapy. Strahlenther Onkol
2004; 180: 15-20
Souglakos J, Androulakis N, Mavroudis D, Kourousis C,
Kakolyris S, Vardakis N, Kalbakis K, Pallis A, Ardavanis A,
Varveris C, Georgoulias V. Multicenter dose-finding study of
concurrent capecitabine and radiotherapy as adjuvant treatment for operable rectal cancer. Int J Radiat Oncol Biol Phys
2003; 56: 1284-1287
Horgan AF, Finlay IG. Preoperative staging of rectal cancer
allows selection of patients for preoperative radiotherapy. Br
J Surg 2000; 87: 575-579
Onishi H, Kuriyama K, Yamaguchi M, Komiyama T, Tanaka
S, Araki T, Nishikawa K, Ishihara H. Concurrent two-dimensional radiotherapy and weekly docetaxel in the treatment of
stage III non-small cell lung cancer: a good local response but
no good survival due to radiation pneumonitis. Lung Cancer
2003; 40: 79-84
Mason KA, Hunter NR, Milas M, Abbruzzese JL, Milas L.
Docetaxel enhances tumor radioresponse in vivo. Clin Cancer
Res 1997; 3: 2431-2438
Fernando NH, Hurwitz HI. Targeted therapy of colorectal
cancer: clinical experience with bevacizumab. Oncologist 2004;
9(Suppl 1): 11-18
Veronese ML, O’Dwyer PJ. Monoclonal antibodies in the treatment of colorectal cancer. Eur J Cancer 2004; 40: 1292-1301
Vavrova J, Rezacova M, Vokurkova D, Psutka J. Cell cycle
alteration, apoptosis and response of leukemic cell lines to
gamma radiation with high- and low-dose rate. Physiol Res
2004; 53: 335-342
Belka C, Jendrossek V, Pruschy M, Vink S, Verheij M, Budach
W. Apoptosis-modulating agents in combination with radiotherapy-current status and outlook. Int J Radiat Oncol Biol
Phys 2004; 58: 542-554
Bendas G, Krause A, Bakowsky U, Vogel J, Rothe U.
Targetability of novel immunoliposomes prepared by a new
antibody conjugation technique. Int J Pharm 1999; 181: 79-93
Rossi L, Corvo R. Retinoic acid modulates the radiosensitivity of head-and-neck squamous carcinoma cells grown in collagen gel. Int J Radiat Oncol Biol Phys 2002; 53: 1319-1327

19

20

21

22

23

24
25

26

27
28

29

30

31

4007

Raju U, Nakata E, Yang P, Newman RA, Ang KK, Milas L.
In vitro enhancement of tumor cell radiosensitivity by a selective inhibitor of cyclooxygenase-2 enzyme: mechanistic
considerations. Int J Radiat Oncol Biol Phys 2002; 54: 886-894
Ray-Coquard I. Docetaxel and ovarian cancer. Bull Cancer
2004; 91: 159-165
Yardley DA. Gemcitabine and docetaxel in metastatic and
neoadjuvant treatment of breast cancer. Semin Oncol 2004; 31
(2 Suppl 5): 37-44
Mani S, Macapinlac M Jr, Goel S, Verdier-Pinard D, Fojo T,
Rothenberg M, Colevas D. The clinical development of new
mitotic inhibitors that stabilize the microtubule. Anticancer
Drugs 2004; 15: 553-558
Harrington KJ, Rowlinson-Busza G, Syrigos KN, Vile RG,
Uster PS, Peters AM, Stewart JS. Pegylated liposome-encapsulated doxorubicin and cisplatin enhance the effect of radiotherapy in a tumor xenograft model. Clin Cancer Res 2000; 6:
4939-4949
Koukourakis MI, Koukouraki S, Giatromanolaki A,
Archimandritis SC, Skarlatos J, Beroukas K, Bizakis JG, Retalis
G, Karkavitsas N, Helidonis ES. Liposomal doxorubicin and
conventionally fractionated radiotherapy in the treatment of
locally advanced non-small-cell lung cancer and head and
neck cancer. J Clin Oncol 1999; 17: 3512-3521
Maruyama K, Takizawa T, Yuda T, Kennel SJ, Huang L,
Iwatsuru M. Targetability of novel immunoliposomes modified with amphipathic poly(ethylene glycol)s conjugated at
their distal terminals to monoclonal antibodies. Biochim
Biophys Acta 1995; 1234: 74-80
Allen TM, Brandeis E, Hansen CB, Kao GY, Zalipsky S. A
new strategy for attachment of antibodies to sterically stabilized liposomes resulting in efficient targeting to cancer cells.
Biochim Biophys Acta 1995; 1237: 99-108
Bendas G. Immunoliposomes: a promising approach to targeting cancer therapy. BioDrugs 2001; 15: 215-224
Berchem GJ, Bosseler M, Mine N, Avalosse B. Nanomolar
range docetaxel treatment sensitizes MCF-7 cells to chemotherapy induced apoptosis, induces G2M arrest and phosphorylates bcl-2. Anticancer Res 1999; 19: 535-540
Strunz AM, Peschke P, Waldeck W, Ehemann V, Kissel M,
Debus J. Preferential radiosensitization in p53-mutated human tumour cell lines by pentoxifylline-mediated disruption
of the G2/M checkpoint control. Int J Radiat Biol 2002; 78:
721-732
Yang Y, Yu X. Regulation of apoptosis: the ubiquitous way.
FASEB J 2003; 17: 790-799
Kim PJ, Plescia J, Clevers H, Fearon ER, Altieri DC. Survivin
and molecular pathogenesis of colorectal cancer. Lancet 2003;
362: 205-209
Asanuma K, Moriai R, Yajima T, Yagihashi A, Yamada M,
Kobayashi D, Watanabe N. Survivin as a radioresistance factor in pancreatic cancer. Jpn J Cancer Res 2000; 91: 1204-1209
Rodel C, Haas J, Groth A, Grabenbauer GG, Sauer R, Rodel F.
Spontaneous and radiation-induced apoptosis in colorectal
carcinoma cells with different intrinsic radiosensitivities:
survivin as a radioresistance factor. Int J Radiat Oncol Biol
Phys 2003; 55: 1341-1347
Lu B, Mu Y, Cao C, Zeng F, Schneider S, Tan J, Price J, Chen J,
Freeman M, Hallahan DE. Survivin as a therapeutic target for
radiation sensitization in lung cancer. Cancer Res 2004; 64:
2840-2845

Science Editor Wang XL and Guo SY Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(26):4008-4012
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• COLORECTAL CANCER •

Effect of caffeic acid phenethyl ester on proliferation and apoptosis
of colorectal cancer cells in vitro
Dong Wang, De-Bing Xiang, Yu-Jun He, Zeng-Peng Li, Xiao-Hua Wu, Jiang-Hong Mou, Hua-Liang Xiao, Qing-Hong Zhang
Dong Wang, De-Bing Xiang, Zeng-Peng Li, Xiao-Hua Wu,
Jiang-Hong Mou, Hua-Liang Xiao, Qing-Hong Zhang, Cancer
Center, Daping Hospital and Research Institute of Surgery, Third
Military Medical University, Chongqing 400042, China
Yu-Jun He, Department of General Surgery, Daping Hospital and
Research Institute of Surgery, Third Military Medical University,
Chongqing 400042, China
Supported by the National Natural Science Foundation of China,
No. 30100228, and the Applied Basic Research Programs of Science
and Technology Commission Foundation of Chongqing, No. 6824
Correspondence to: De-Bing Xiang, Cancer Center, Daping
Hospital and Research Institute of Surgery, Third Military Medical
University, Chongqing 400042, China. xdb86@hotmail.com
Telephone: +86-23-68757706 Fax: +86-23-68757706
Received: 2004-05-30 Accepted: 2004-06-24

Abstract
AIM: To study the effect of caffeic acid phenethyl ester (CAPE)
on proliferation, cell cycle, apoptosis and expression of
β-catenin in cultured human colorectal cancer (CRC) cell
line HCT116.
METHODS: HCT116 cells were treated with CAPE at serial
concentrations of 80, 40, 20, 10, 5, 2.5 mg/L. The proliferative
status of HCT116 cells was measured by using methabenzthiazuron (MTT) assay. Cell cycle was analyzed by using
flow cytometry (FCM) with propidium iodide (PI) labeling
method. The rate of apoptosis was detected by using
FCM with annexin V-FITC and PI double labeling method.
β-catenin levels were determined by Western blotting.
β-catenin localization in HCT116 was determined by indirect
immunofluorescence.
RESULTS: After HCT116 cells were exposed to CAPE (80,
40, 20, 10, 5, and 2.5 mg/L) for 24, 48, 72, 96 h, CAPE
displayed a strong growth inhibitory effect in a dose- and
time-dependent manner against HCT116 cells. FCM analysis
showed that the ratio of G0/G1 phase cells increased, S
phase ratio decreased and apoptosis rate increased after
HCT116 cells were exposed to CAPE (10, 5, and 2.5 mg/L)
for 24 h. CAPE treatment was associated with decreased
cytoplasmic β-catenin, nuclear β-catenin and a concurrent
increase in β-catenin protein expression at cell-cell junctions.
CONCLUSION: CAPE could inhibit HCT116 cell proliferation
and induce cell cycle arrest and apoptosis. Decreased
β-catenin protein expression may mediate the anti-proliferative
effects of CAPE.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common human
malignancies, and is the fourth leading cause of cancer
deaths. The incidence tends to increase in China. Aberrant
WNT pathway signaling is an early progression event in
90% of colorectal cancers. It occurs through mutations
mainly of APC and less often of CTNNB1 (encoding
β-catenin) or AXIN2 (encoding axin-2, also known as
conductin). Activation of WNT signaling leads to inhibition
of GSK-3β activity, resulting in accumulation of cytoplasmic
(signaling) β-catenin, which becomes available to bind the
TCF/LEF family of transcription factors and to induce
target gene expression[1]. Dysregulation of WNT signaling
and hence β-catenin expression is believed to be central to
the early stages of sporadic colorectal carcinogenesis in human
beings[2]. Therefore, control of β-catenin and/or control of
downstream TCF target gene expression represents an ideal
target for CRC chemoprevention. Caffeic acid phenethyl ester
(CAPE), an active component of propolis, has many biological
and pharmacological activities including antioxidant, antiinflammation, antiviral action, anticancer effect, etc.[3-7]. It
also inhibited the development of azoxymethane-induced
aberrant crypts in the colon of rats[8]. Thus, we investigated
the effects of CAPE on proliferation, cell cycle, apoptosis
and expression of β-catenin in the cultured human colorectal
cancer (CRC) cell line HCT116.
MA
TERIALS AND METHODS
MATERIALS
Drugs and reagents
CAPE, dimethyl sulphoxide (DMSO), PI and MTT were
purchased from Sigma-Aldrich (USA). RPMI-1640 medium
was purchased from Hyclone. Mouse monoclonal antihuman β-catenin antibody was obtained from Sigma-Aldrich
(USA). FITC and horseradish peroxidase-conjugated secondary
antibody were obtained from Pierce Biotechnology (USA).
Annexin-V and PI double staining kit was purchased from
Roche (USA). CAPE was prepared as 80 g/L stock solutions
in DMSO. Control flasks or plates contained DMSO at an
equivalent dilution to that in cultures containing CAPE.
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Cell culture
The human CRC cell line HCT116 was purchased from
the American Type Culture Collection (ATCC). The cells
were cultured in RPMI1640 medium (pH 7.2-7.4) supplemented
with penicillin G (100 U/mL), streptomycin (100 U/mL) and
in a 50 mL/L CO2
10% fetal calf serum (FCS) at 37
humidified atmosphere. Cells were routinely sub-cultured
using 2.5 g/L trypsin/ethylenedinitrile tetraacetic acid
(EDTA) solution (obtained from Sigma).
MTT assay for determination of cell growth
The logarithmically growing HCT116 cells were plated at a
density of 4×103 cells/well into a 96-well plate. After 24 h,
cells were treated with CAPE at various concentrations (80,
40, 20, 10, 5, and 2.5 mg/L) for 24, 48, 72, and 96 h.
Control wells were treated with 0.1% DMSO alone. Then,
20 µL MTT (5 g/L) was added to each well and incubated
for an additional 4 h, and then culture media were discarded
followed by addition of 0.15 mL DMSO and vibrated for
10 min. The absorbance was measured at 490 nm using a
model 550 microplate reader. The inhibitory rates (IR) were
calculated as follows: IR (%) = (1-absorbance of the treated
wells)/(absorbance of the control wells) ×100%. The 50%
inhibitory concentration (IC50) value was determined using
a CalcuSyn software.
Analysis of cellular DNA content by flow cytometry
The cells were grown at 50–60% confluence in T75 flasks,
serum-starved for 24 h and then treated with a range of
CAPE (10, 5, and 2.5 mg/L) for 24 h. At the end of the
treatment, the floating cells were collected by centrifugation,
whereas adherent cells were harvested by trypsin-EDTA
solution to produce a single cell suspension. The cells were
then pelleted by centrifugation and washed twice with PBS.
Then, the cell pellets were suspended in 0.5 mL PBS and
fixed in 5 mL ice-cold 70% ethanol at 4 . The fixed cells
were spun by centrifugation and the pellets were washed
with PBS. After resuspension with 1 mL PBS, the cells were
incubated with RNase A (20 mg/L) and PI (50 mg/L) and
in the dark. The stained cells were
shaken for 1 h at 37
analyzed using a FACScan flow cytometer in combination
with BD lysis II software (Becton Dickinson).
Assessment of apoptosis by annexin-V and PI double-staining
flow cytometry
The cells were treated and harvested as above. Annexin-V
and PI double staining kit (Roche) was used to assess apoptosis,
then cells were immediately analyzed by flow cytometry.
Early apoptotic cells were localized in the lower right quadrant
of a dot-plot graph using annexin-V-fluorescein vs PI.
TUNEL assay for determination of apoptotic cells
Cells grown on glass coverslips were treated for 24 h with
CAPE (10, 5, and 2.5 mg/L) or an equivalent dilution of
DMSO, under standard culture conditions as described
above. Cells were fixed immediately in 4% formaldehydum
for 60 min and washed twice in
polymerisatum at 20
PBS. Apoptosis of HCT-116 cells was evaluated by using
an in situ cell death detection kit (Roche Co. Ltd, Germany).
Monolayers were treated with proteinase K and then 0.3%
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H2O2, labeled with fluorescein dUTP in a humidified box
for 1 h at 37 . The cells were then combined with PODhorseradish peroxidase, colorized with diaminobenzidine
tetrahydrochloride (DAB). Controls consisted of omission
of fluorescein dUTP. Cells were visualized under a light
microscope.
Western blot analysis
Cells were seeded into flasks and grown to 50-60% confluence
for 24 h. The cells were then placed in serum-free medium
with or without CAPE (10, 5, and 2.5 mg/L) for a period
of 24 and 48 h. In the end, the attached cells and floating
cells were extracted in lysis buffer using standard methods.
Western blot was carried out using standard techniques.
Briefly, equal amounts of proteins in each sample were
resolved in 10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) and the proteins transferred
onto PVDF membranes. After blocking with non-fat dried
milk, the membranes were incubated with the appropriate
dilution of primary antibody (mouse monoclonal anti-human
β-catenin antibody). The membranes were then incubated
with a horseradish peroxidase-conjugated secondary antibody.
The proteins were detected by an enhanced chemiluminescence
detection system, and light emission was captured on Kodak
X-ray films.
Indirect immunofluorescence
Cells grown on glass coverslips were treated for 24 and 48 h
with CAPE (10, 5, and 2.5 mg/L) or an equivalent dilution
of DMSO, under standard culture conditions as described
above. Cells were fixed in 100% methanol at -20 for 10 min
and washed twice in PBS. Monolayers were incubated with
primary antibody (mouse monoclonal anti-human β-catenin
antibody) in PBS plus 10 g/L dried skimmed milk powder
overnight at 4 . Omission of the respective primary
antibody was used as a negative control. Monolayers were
incubated with FITC-conjugated secondary antibody in 1%
dried skimmed milk in PBS for 30 min at 37 . Confocal
microscopy was performed using a Leica TCS SP laser
scanning confocal microscope.
Statistical analysis
Data were expressed as mean±SD. Analysis of data was
performed using one-way ANOVA. P<0.05 was considered
statistically significant.

RESUL
TS
RESULTS
Effect of CAPE on cell proliferation
HCT116 cells were treated with CAPE at various concentrations
for 1-4 d, and the cell viability was determined as described
above by MTT assay. As shown in Figure 1, CAPE inhibited
the growth of HCT116 cells in a dose- and time-dependent
manner. The IC50 value for CAPE at 24, 48, 72, 96 h after
treatment was 22.45, 12.07, 6.47, 5.36 mg/L, respectively.
Effect of CAPE on apoptosis
After HCT116 cells were exposed to CAPE (10, 5, and
2.5 mg/L) for 24 h, annexin-V and PI double-staining FCM
analysis showed that the apoptosis rates were 25.5±3.3%,
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Figure 1 Effect of CAPE on HCT116 cell proliferation.
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16.6±0.6%, 10.2±0.7%, respectively, which were significantly
higher than control (5.5±0.9%) (P<0.01). CAPE induced
apoptosis in a concentration-dependent manner in HCT116
cells (Figures 2 and 3). TUNEL assay showed that the
apoptosis cells were significantly increased in a concentrationdependent manner in HCT116 cells (Figure 4).
Figure 4 TUNEL assay of HCT116 cells following 24 h incubation with (A)
2.5 mg/L CAPE, (B) 10 mg/L CAPE.
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manner (Table 1, Figure 5).
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β-Catenin expression during CAPE treatment
After HCT116 cells were exposed to CAPE (10, 5, and
2.5 mg/L) for 24 and 48 h, Western blot analysis showed
that CAPE treatment was associated with a concentrationdependent decrease in β-catenin protein expression in
HCT116 cells (Figure 6).
Indirect immunofluorescence studies of β-catenin
localization in HCT116 cells revealed that CAPE treatment
was associated with decreased cytoplasmic β-catenin, nuclear
β-catenin and a concurrent increase in β-catenin protein
expression at cell-cell junctions (Figure 7) compared with
cells treated with DMSO alone.
Table 1 Effect of CAPE on HCT116 cell cycle parameters
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G0/G1

G2/M

S

0.40±0.04
0.52±0.06
0.56±0.01b
0.60±0.01b

0.15±0.04
0.16±0.05
0.15±0.01
0.15±0.05

0.45±0.08
0.32±0.02
0.29±0.01a
0.25±0.04a

a

P<0.05, bP<0.01 vs control.

10 100 1 000
FITC

Figure 3 Annexin-V and PI double-staining FCM of HCT116 cells following
24 h incubation with (A) control, (B) 2.5 mg/L CAPE, (C) 5.0 mg/L CAPE,
(D)10 mg/L CAPE.

Effect of CAPE on cell cycle parameters
After HCT116 cells were exposed to CAPE(10, 5, and
2.5 mg/L) for 24 h, FCM analysis showed that the

DISCUSSION
Polyphenolic compounds derived from natural products are
well known to have various beneficial effects namely antitumor[9,10], anti-inflammatory and antioxidant properties[11,12].
CAPE is also a phenolic compound and an active component
of honeybee propolis [13,14] . Several investigators have
demonstrated that CAPE has anti-proliferative effect, apoptosisinducing effect against various tumor cell lines[3-7,15] and an
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Figure 6 Western blot analysis of β-catenin protein expression in HCT116 cells
following 24 h (Lanes 1-4) and 48 h (Lanes 5-8) incubation with different
concentrations of CAPE. Lanes 1-4: control, 2.5 mg/L CAPE, 5.0 mg/L CAPE,
10 mg/L CAPE; Lanes 5-8: control, 2.5 mg/L CAPE, 5.0 mg/L CAPE, 10 mg/L CAPE.

A

30

1 200

300

2

0

D

1 200
900

1

600

B

Figure 7 Indirect immunofluorescence analysis of β-catenin protein expression
in HCT116 cells following 48 h incubation with (A) control, (B) 10 mg/L CAPE.

antioxidant effect by lipoxygenase inhibition[16]. Also, dietary
intake of CAPE decreased tumor formation and expression
of the oncoprotein catenin in the enterocytes of the Min/+
mouse[17]. In the present study, we investigated the effect
of CAPE on the proliferation, cell cycle and apoptosis of
CRC HCT116 cells. Our data demonstrated that CAPE
treatment was associated with a strong inhibition of proliferation
in a dose- and time-dependent manner, along with induction

160

control, (B) 2.5 mg/L CAPE, (C) 5.0 mg/L CAPE, (D) 10 mg/L CAPE.

of G0/G1 arrest and apoptosis in HCT116 cells. Similar to
our findings, CAPE entered HL-60 cells very quickly and
then inhibited their survival in a concentration- and timedependent manner. CAPE induced characteristic DNA
fragmentation and morphological changes typical of apoptosis
in these cells[4].
To investigate the mechanism of the anti-proliferative
effects of CAPE on HCT116 cells, we studied the effect
of CAPE on the expression of β-catenin, a multifunctional
protein, responsible for the transduction of WNT mediated
signals as well as for cell-cell adhesion[18,19]. The signaling
function of β-catenin is particularly important in colon
cancer in which activation of β-catenin, as a result of
mutations in APC or stabilizing mutations in the N-terminal
region of β-catenin, is common[20]. Activating mutations of
β-catenin are also common in many other cancers[21]. β-catenin
signaling promotes the G1 to S-phase transition, inhibits anoikis
and allows cells to progress into S-phase after radiation
damage[22]. WNT-1 signaling also inhibits apoptosis by
activation of β-catenin/TCF-mediated transcription[23] and
β-catenin signaling plays an important role in the growth of
colon cancer cells[24].
In our study, Western blot analysis showed that CAPE
treatment was associated with a concentration-dependent
decrease in β-catenin protein expression in HCT116 cells.
The immunofluorescence data suggest that downregulation
of β-catenin protein measured by Western blot analysis
following CAPE treatment was associated with decreased
cytoplasmic β-catenin, nuclear β-catenin and a concurrent
increase in β-catenin protein expression at cell-cell junctions.
Multiple molecular mechanisms seem to be involved in the
tumor suppressive effects of CAPE. Recently, it is reported
that CAPE induced apoptosis via Fas signal activation in human
breast cancer MCF-7 cells[25]. Moreover, tumor suppressor
protein p53 and p38 MAPK play a prominent role in the
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CAPE-induced apoptotic cell death which might contribute
to the antitumor effects of CAPE in C6 glioma cells[26].
In summary, we have identified that CAPE could inhibit
HCT116 cell proliferation and induce cell cycle arrest and
apoptosis. Decreased β-catenin protein expression may
mediate the anti-proliferative effects of CAPE. The present
findings may help to explain some features of CAPE-mediated
chemoprevention. Future experiments will tell which
β-catenin-related downstream genes may be affected by CAPE
and whether CAPE may play a role in chemoprevention
strategies.
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Abstract
AIM: Ribavirin (RBV) shows a strong antiviral effect on
hepatitis C virus when used in combination with interferon.
However, RBV-induced anemia is a major problem in this
therapy. It would be of great clinical importance to
ameliorate the anemia without reducing the RBV dose.
We report here that, Ninjinyoeito (NYT), a herbal medicine
can reduce the RBV-induced anemia.
METHODS: Twenty-three patients with chronic hepatitis
C were treated with interferon alpha 2b plus RBV with
(NYT group) or without (control group) NYT by a randomized
selection. Eighteen patients completed the treatment
schedule, and hemato-biochemical and virological effects
were evaluated.
RESULTS: There was no significant difference in
biochemical and virological responses between the two
groups. However, anemia was significantly reduced in
the NYT group compared with the control group. The
maximal decrease of Hb in the NYT group (2.59±1.10 g/dL)
was significantly (P = 0.026) smaller than that in the control
group (3.71±0.97 g/dL). There was no significant difference
in serum glutathione peroxidase activity, serum RBV
concentration, and Th1/Th2 balance between the two
groups. There was no specific adverse effect in NYT
administration.
CONCLUSION: These results suggest that NYT could be
used as a supportive remedy to reduce the RBV-induced
anemia in the treatment of chronic hepatitis C.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Chronic hepatitis C often gradually progresses to cirrhosis,
and hepatocellular carcinoma develops especially in advanced
hepatic fibrosis[1]. Recently, ribavirin (RBV) has been used
in combination with pegylated interferon (IFN) as the most
effective antiviral therapy[2]. However, RBV-induced anemia
is the major dose-limiting factor in the combined therapy
of RBV and IFN products[3]. The pathogenesis of RBVinduced anemia is reported to be the destruction of
erythrocytes due to the retention of RBV inside the
erythrocytes because there is no RBV dephosphorylase in
erythrocytes[4], possibly leading to the oxidative damage to
the erythrocytic membrane. When anemia is progressive,
the dose of RBV is usually reduced, and even the IFN-RBV
therapy itself might be stopped in case of severe anemia.
If we could prevent or at least reduce RBV-induced anemia
to some extent, patients would receive a sufficient amount
of RBV and could show a favorable virological response.
There have been only a few reports on the attempt to
ameliorate the RBV-induced anemia[5,6].
Ninjinyoeito (NYT), a herbal medicinal formula, shows
antiviral action on hepatitis C virus (HCV)[7], as well as
antioxidant[8], immunomodulatory[9], and hematopoietic[10-12]
effects. We speculated that the antioxidant effect of NYT
could protect the erythrocytic membrane from the RBV-induced
hemolysis and that NYT would promote erythropoiesis in
response to the RBV-induced anemia.
In this report, we aimed to elucidate a beneficial effect
of NYT on the RBV-induced anemia by conducting a
randomized controlled trial.
MA
TERIALS AND METHODS
MATERIALS
Patients
Patients with chronic hepatitis C were selected for the
treatment protocol with the following criteria: serum levels
of HCV-RNA more than 100 kIU/mL by RT-PCR (or
more than 1 Meq/mL by a branched DNA probe assay) in
naive patients, or ineffective or recurrent after the interferon
monotherapy. Patients were excluded due to the following
criteria: pregnant women, allergic to interferon, administration
of a herbal medicine “Shosaikoto”, severe heart failure,
chronic renal failure, and past history of depression. Twenty-
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three patients with chronic hepatitis C were enrolled into
this study. Seventeen were male and six were female. The
mean age of the patients was 51.1 (range 26-74). The diagnosis
was confirmed histologically with liver biopsy in 13 patients.
The other patients were diagnosed by hematological,
biochemical, and virological findings.
Treatment protocol
Interferon-alpha 2b (Intron A®, Schering-Plough, Kenilworth,
NJ, USA) and RBV (Rebetol®, Schering-Plough) were used
as antiviral agents as previously described[6,7]. In principle,
interferon-alpha 2b (IFN) was administered intramuscularly
6 d a week for 2 wk at a dose of 10 MU, then thrice a week
for 22 wk at the same dose. RBV was administered orally
for 24 wk at a dose of 800 mg per day when the patient
had a body weight over 60 kg, and at a dose of 600 mg
when under 60 kg. Ninjinyoeito extract granules (NYT,
Chinese name: Renshen-yangrong-tang, TJ-108, Tsumura
& Co., Tokyo, Japan), including 6.0 g of NYT extract, was
administered orally for 24 wk at a dose of 9 g per day. The
patients were assigned into two groups in a random selection
(Figure 1). The NYT group was treated with the three agents
(IFN, RBV, and NYT), and the control group was treated
with the two agents (IFN and RBV). No specific drugs were
administered after the 24-wk treatment. A written informed
consent was obtained from all the patients enrolled. Criteria
for dose-down or stopping of the IFN and RBV were as
follows: criteria by hemoglobin (Hb): dose-down of RBV
from 800 to 600 mg or from 600 to 400 mg/d without the
change of IFN dose when Hb less than 10 g/dL; administration
of both IFN and RBV were stopped when Hb less than
8.5 g/dL; criteria by WBC and platelet counts: dose down
of IFN without the change of RBV dose when WBC counts
were less than 1 500/µL or platelet counts were 50 000/µL;
administration of both IFN and RBV were stopped when
WBC counts were less than 1 000/µL or platelet counts
were 25 000/µL. Other criteria for dose-down or
discontinuation of treatment included subjective symptoms
such as anorexia, general malaise, or depressive tendency.

Interferon-alpha 2b
Control group
Ribavirin
0

24 wk
Interferon-alpha 2b

NYT group

Ribavirin
Ninjinyoeito (NYT)
0

24 wk

Figure 1 Study design.

Blood sampling and laboratory tests
Approximately 20 mL of blood was taken from the patients
before treatment and again at 2, 4, 8, 12, and 24 wk after
the start of treatment, and 24 wk after the end of treatment.
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Hematological, biochemical, and virological tests were
performed.
HCV-RNA assay and HCV serotypes
Serum HCV-RNA was detected with an Amplicor HCV
test (Roche Diagnostics, Tokyo, Japan), and was quantified
using an Amplicor HCV Monitor test, version 2.0, Roche
Diagnostics). Serotypes of HCV were determined using an
enzyme immunoassay (Genotyping EIA, International
Reagents, Kobe, Japan). Sustained virological response (SVR)
was considered to be obtained when the serum HCV-RNA
was negative and serum ALT was within normal limits at
24 wk from the end of the IFN/RBV treatment.
Determination of ribavirin concentration
RBV concentration was determined in 18 patients, using
high performance liquid chromatography (HPLC, SRL,
Tokyo, Japan). Two-hundred microliters of serum was
applied to HPLC after deproteination. The range of this
assay system was from 50 to 20 000 ng/mL.
Determination of serum erythropoietin concentration
Serum levels of erythropoietin concentration were
determined in eight male patients at wk 0 and 4 (four patients
from each group), using radioimmunoassay (SRL, Inc.,
Tokyo, Japan). The eight patients were selected because
their sera were available and it was considered to be adequate
to compare the male patients only instead of mixing a few
female patients.
Measurement of Th1/Th2 balance
The Th1/Th2 balance as a marker for cellular immunological
response was assayed using the flow cytometry-based
“Fastimmune Cytokine System” (Beckton Dickinson
Biosciences, San Jose, CA, USA). Briefly, the blood was
collected in sodium heparin, and was activated with
ionomycin (IM), Brefeldin-A (BFA), and phorbol 12myristate 13 acetate (PMA). After lysing and permeabilization,
intracellular staining with fluorescent-conjugated monoclonal
antibodies against cytokines was done. The two-color
interferon-γ/interleukin-4 staining (Fastimmune system,
Beckton Dickinson Biosciences) was utilized. Laser flow
cytometer (FACS Caliber, Beckton Dickinson Biosciences)
was used for analysis.
Glutathione peroxidase assay
Glutathione peroxidase activity as an antioxidant activity
was determined using the Glutathione Peroxidase Assay kit
(Cayman Chemical Company, Ann Arbor, MI, USA).
Statistical analysis
The software package Statmate III (Atms, Tokyo, Japan)
was used for statistical analysis. The two-tailed Mann-Whiney
U test was used to assess the significance of difference
between the various laboratory test items such as Hb. The
Fisher’s exact test was used for the comparison of antiviral
effects between the two groups. Multiple regression analysis
was performed for the analysis on the factors influencing
the anemia. All data were expressed as the mean±SD. A P
value less than 0.05 was considered to be statistically significant.
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RESUL
TS
RESULTS
Enrollment and follow-up of the registered patients
Patients were treated with IFN plus RBV either with (n = 13)
or without (n = 10) NYT. Eighteen patients (nine patients
in each group) completed the 24-wk treatment. There were
five patients who dropped out due to anorexia and general
malaise in three cases (all in the control group) and due to
social problems in two cases (one case in each group). There
was no significant difference between the NYT and control
groups in age, gender, body weight, serum ALT levels, Hb
levels, HCV-RNA levels before treatment, and HCV
serotypes (Table 1). During the course of treatment, the
dose of RBV was stopped in 1 patient, but not reduced in
any of the remaining 9 patients in the NYT group, whereas it
was reduced due to anemia in 2 of 13 patients, resulting in
stopping of RBV in 4 patients in the control group (P = 0.45).
Table 1 Patients’ characteristics before therapy

Age (yr)
Gender (M/F)
Body weight (kg)
ALT (U/L)
Hb ( g/dL)
HCVRNA (kIU/mL)
HCV serotype (1/2)

NYT

Control

P

46.3±14.3
9/1
65.2±9.8
74.9±38.2
14.3±1.4
553.5±315.0
8/2

54.9±10.3
8/5
60.6±9.1
58.1±25.1
14.0±1.6
637.6± 314.0
9/4

0.113
0.123
0.291
0.457
0.709
0.673
0.377
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Hematological changes
We analyzed the hematological changes in the 18 patients
who received the IFN/RBV treatment for more than 4 wk.
As shown in Table 3 and Figure 2, the maximal decrease of
Hb in the NYT group (2.59±1.10 g/dL) was significantly
(P = 0.026) smaller than that in the control group (3.71±
0.97 g/dL). The minimal Hb during the treatment in the
NYT group (11.66±1.78 g/dL) tended to be higher than
that in the control group (10.10±1.08 g/dL, P = 0.079).
Maximal decrease of erythrocytes in the NYT group
(868 000±474 000/µL) tended to be smaller than that
(1 244 000±419 000/µL) in the control group (P = 0.178).
As shown in Table 1, there were some differences, although
not significant, in age, gender, and body weight, which might
influence the grade of anemia. We performed a multivariate
analysis using the multiple regression method. Backward
stepwise regression was performed, and a P value greater
than 0.20 was used for a variable removal, and the NYT
administration and serum creatinine were picked up. The
final linear regression model selected only the NYT
administration as a significant variable (P = 0.0042) influencing
maximal hemoglobin decrease (Table 4). There were no
significant differences in the WBC or platelet (Plts) counts
between the two groups.
Table 3 Hematological and immunological results
NYT

Biochemical and virological responses
There was no significant difference in RBV concentrations
at wk 4 between the two groups. In the intention-to-treat
analysis as in Table 2, serum ALT levels were within normal
limits in 7 of 10 (70.0%) patients in the NYT group whereas
they were normal in 6 of 13 (46.2%) patients in the control
group at the end of the IFN/RBV treatment (P = 0.253).
At the same time point, HCV-RNA turned negative in 8 of
10 (80.0%) patients in the NYT group whereas it was
negative in 7 of 13 (53.8%) patients in the control group
(P = 0.192). At 6 mo after the NYT/RBV treatment, serum
ALT levels were within normal limits in 8 of 10 (80.0%)
patients in the NYT group while they were within normal
limits in 4 of 13 (30.8%) patients in the control group
(P = 0.489). Sustained virological response (SVR) was
obtained in 4 of 10 (40.0%) patients in the NYT group
whereas it was seen in 4 of 13 (30.8%) in the control group
(P = 0.645). In patients with serotype 1, SVR was obtained
in 3 of 8 (37.5%) patients in the NYT group and 1 of 9
(11.1%) patients in the control group (P = 0.311), whereas
in patients with serotype 2, SVR was recognized in 2 of
2 (100%) in the NYT group and 3 of 4 (75%) in the control
group (P = 0.316).
Table 2 Virological and biochemical results

Enrolled cases
Normal ALT at the end of therapy
Negative HCVRNA at the end of therapy
Normal ALT 6 mo after therapy
Negative HCVRNA 6 mo after therapy

NYT (%)

Control (%)

P

10
7 (70.0)
8 (80.0)
8 (80.0)
4 (40.0)

13
6 (46.2)
7 (53.8)
4 (30.8)
4 (30.8)

0.253
0.192
0.489
0.645

max RBC (×103)
max Hb (g/dL)
min Hb (g/dL)
WBC (wk 24)
Plts (wk 24, ×104)
Th1 (wk 4, %)
Th2 (wk 4, %)
Th1/Th2 (wk 4)
GP×[wk 4, nmol/(min mL)]

868±474
2.59±1.10
11.66±1.78
3 444±1731
14.69±5.52
27.29±11.6
2.77±1.06
10.89±5.68
76.41±31.79

Control

P

1.244±419
3.71±0.97
10.10±1.08
3 204±1143
12.77±4.22
30.20±8.66
2.30±1.09
15.48±6.87
78.96±31.96

0.178
0.026
0.079
0.894
0.709
0.480
0.232
0.130
0.522

Standard error

P

GPx: glutathione peroxidase.

Table 4 Multiple regression analysis
Variable
Intercept
NYT administration
Serum creatinine (wk 0)

Parameter estimate
-1.61742
1.47645
-3.05400

1.12391
0.43746
1.57891

0.1707
0.0042
0.0722

Maximal hemoglobin decrease = 1.477 × [NYT administration] -3.054× [serum
creatinine at wk 0]-1.617 (NYT administration: the NYT group, 1; the control
group, 2) Adjusted R square: 0.3923.

Changes in serum erythropoietin concentrations
Serum levels of erythropoietin were determined in eight
male patients at wk 0 and 4 (four patients from each group),
and there was no significant difference in the increase of
erythropoietin from wk 0 to wk 4 between the two groups
(38.4±21.6 ng/mL in the NYT group vs 45.2±30.3 ng/mL
in the control group, P = 0.885).
Changes in the Th1/Th2 balance
There were no significant changes in Th1, Th2, or the Th1/
Th2 ratio in either group during the observation period in
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Table 5 Comparison of NYT and other drugs which were reported to be effective for RBV-induced anemia

NYT

EPA

EPO

Action

Mechanisms

Indication for anemia in health
insurance system of Japan

Form

Adverse reactions

Promotion of erythropoiesis,
protection of erythrocytic
membrane, improvement of
erythrocytic deformability
Increase in erythrocyte
deformability

Activation of immature
erythroid cells,
antioxidant effect

Anemia in
general,

Granule

Abdominal discomfort
(frequency unknown)

Increase in EPA content in
erythrocytic membrane
phospholipids

None

Capsule

Stimulation of stem cell
differentiation to
erythroid cells

Renal anemia

Vial for
injection

Jaundice, gynecomastia
353.4
(frequency unknown),
hemorrhagic tendency,
liver injury (<0.1%)
Thromboembolism,
1 643
cerebral hemorrhage,
(750 IU)
shock (frequency unknown),
high blood pressure, liver
injury (0.1-<5%)

Increase in erythropoiesis

each group, and there were no significant differences in
these cellular immunological markers between the two groups
at any time point. Table 3 shows the results at wk 4.
Changes in glutathione peroxidase activity
There were no significant changes in glutathione peroxidase
activity during the observation period, and there was no
significant difference in this activity between the two groups
at any time point. Table 3 shows the results at wk 4.

DISCUSSION
In this study, we elucidated, for the first time, the anemiaameliorating effect of NYT in the IFN/RBV treatment
for chronic hepatitis C in a randomized controlled trial.
Although NYT possesses a hematopoietic action[10-12], we
speculate that anemia-reducing effect of NYT was derived
from its anti-oxidant [8] and stabilizing actions on the
erythrocytic membrane, ameliorating the hemolytic anemia.
NYT is reported to show an anti-HCV action[7], but NYT
did not affect the anti-viral effect of IFN/RBV therapy in
this study. If we can reduce the grade of anemia and
discontinuation of therapy, it would lead to the increase in
number of patients with SVR.
As mentioned above, NYT is reported to have the
following effects: hematopoietic [10-12] , antioxidant [8] ,
hepatocyte-protective[13], Th1/Th2 balancing[9], and direct
anti-HCV[7]. NYT has been used in the treatment of asthenic
or fatigued patients, especially after operation or severe
infectious diseases[14]. NYT is effective for various signs

Control
max

Daily cost
(yen)
227.7

and symptoms, including anemia, general malaise, anorexia,
night sweating, sensation of cold in the extremities, cough,
and insomnia[14]. These effects have been analyzed and
verified in the theory of Traditional Chinese Medicine. From
the viewpoint of hepatitis treatment, these effects of NYT
are suitable for ameliorating the adverse effects of IFN
(general malaise, anorexia, and psychiatric problems) and
that of RBV (anemia). The dose of NYT was 9.0 g/d in
this study, which is a normal dose in Japan.
The precise mechanisms of RBV-induced anemia are
unknown, but several reports [3,4] sug gest that the
accumulation of phosphorylated RBV in erythrocytes due
to the lack of dephosphorylase in erythrocytes impairs the
deformability of erythrocytes. The accumulated RBV may
affect the antioxidant defense mechanisms of the erythrocytic
membrane. These changes in erythrocytes would lead to
the extravascular destruction of erythrocytes (hemolysis).
Since NYT has an antioxidant action, it may show a beneficial
effect on the erythrocytic membrane. Although NYT would
not affect the accumulated RBV inside the erythrocyte, NYT
might improve erythrocytic deformability in a different
manner, like other herbal medicines with common
components. Therefore, the reasons why NYT ameliorates
RBV-induced anemia might include the protection of
erythrocytic membrane, the improvement of erythrocytic
deformability, and erythropoiesis (Figure 3).
Previous reports showed that erythropoietin [5] and
eicosapentaenoic acid [6] can be effective against RBVinduced anemia. In the prospective, double-blind, randomized
controlled study by Afdhal et al., in 185 patients [5] ,
erythropoietin (EPO) was administered after anemia

NYT

RBC

max

Hb

NYT

0

0

Activation of immature erythroid cells

2
Antioxidant effect

1 000 000

4

Promotion of erythropoiesis

6
2 000 000
(/µL)

P = 0.178

The protection of erythrocytic membrane
P = 0.025

The improvement of erythrocyte deformability

(g/dL)

Figure 2 Effect of Ninjinyoeito on the RBV-induced anemia.

Figure 3 Speculated mechanisms of Ninjinyoeito’s beneficial effect on RBVinduced anemia.
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developed, and the mean Hb increase was 2.2±1.3 g/dL,
which was significantly greater than 0.1±1.0 g/dL in the
placebo group. However, the use of EPO would be
expensive and would not address the solution of hemolysis.
In the uncontrolled, pilot study by Ide et al., in six patients[6],
eicosapentaenoic acid (EPA) was also administered after
the development of anemia, and the mean Hb significantly
increased from 10.8 to 11.4 g/dL in 1 mo. The effect of
EPA seems to be marginal, and it was tested in a pilot study
and would need a randomized trial. EPA improves
erythrocyte deformability and increases EPA content in
erythrocytic membrane phospholipids[6]. Table 5 summarizes
the comparison among NYT, EPO, and EPA from the
viewpoints of effectiveness, adverse reactions, and costbenefits. EPO is expensive, with more adverse effects, but
most effective. NYT is economical, with little adverse reaction.
EPA seems to be intermediate between the above two drugs.
In our study, NYT was administered from the beginning
of IFN/RBV treatment, and we cannot simply compare
the results between the above-mentioned studies and ours.
We would like to test whether NYT improves the RBVinduced anemia after it occurs, or whether pretreatment
with NYT prevents the anemia.
Erythropoietin response is reported to be subnormal in
the IFN/RBV treatment. Although NYT has a bone
marrow-stimulatory action via enhancing colony stimulating
factors [11] , there was no significant difference in the
endogenous erythropoietin response between the NYT and
control groups in our study. Therefore, NYT might
ameliorate RBV-induced anemia, not by stimulating
hematopoiesis, but by reducing hemolysis. We measured
serum glutathione peroxidase activity before and after the
IFN/RBV therapy with or without NYT. There was no
significant change both in time course and between the NYT
and control groups. But, according to the previous reports[8,13]
it is likely that NYT may exert its protective effect on the
erythrocytic membrane by antioxidative action and membrane
stabilization. Serum antioxidant markers other than
glutathione peroxidase might reveal the effect of NYT.
Regarding the combination therapy of IFN and herbal
medicines, Shosaikoto (SST, Shao-chaihu-tang) is prohibited
for use in combination with IFN because this combination
is reported to increase the risk of interstitial pneumonia.
The herbal component Scutellariae radix alone does not
cause interstitial pneumonia, but when used in combination
with other herbal components, some unknown factors causing
interstitial pneumonia are considered to be expressed. NYT
does not contain five of the seven medicinal herbs used in
SST, including Scutellariae radix. Interstitial pneumonia or
any other adverse reactions in relation to NYT use were
not found in this study. Since NYT was used safely in the
IFN/RBV therapy, NYT could be used in combination with
PEG-IFN+RBV for 48 wk, which is considered as the most
effective anti-HCV therapy[2]. This current worldwide standard
was not available during the period of this study in Japan.
In conclusion, NYT ameliorated the RBV-induced anemia
in RCT. NYT did not show any stronger antiviral effect on
HCV, but it was used safely without any adverse reaction in
the combination treatment with IFN/RBV. These results
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provide good evidence for the effect of the herbal medicine
NYT. It is suggested that NYT can be used as a supportive
drug for IFN/RBV therapy for chronic hepatitis C. Active
mechanisms are to be elucidated and these results would be
verified in additional studies with more patients.
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Abstract
AIM: To construct a random peptide phage display library
and search for peptides that specifically bind to the PreS
region of hepatitis B virus (HBV).
METHODS: A phage display vector, pFuse8, based on
the gene 8 product (pVIII) of M13 phage was made and
used to construct a random peptide library. E.coli derived
thioredoxin-PreS was purified with Thio-bond beads, and
exploited as the bait protein for library screening. Five
rounds of bio-panning were performed. The PreS-binding
specificities of enriched phages were characterized with
phage ELISA assay.
RESULTS: A phage display vector was successfully
constructed as demonstrated to present a pVIII fused HBV
PreS1 epitope on the phage surface with a high efficiency.
A cysteine confined random peptide library was constructed
containing independent clones exceeding 5±10 8 clone
forming unit (CFU). A pool of phages showing a PreS-binding
specificity was obtained after the screening against thioPreS with an enrichment of approximately 400 times. Five
phages with high PreS-binding specificities were selected
and characterized. Sequences of the peptides displayed
on these phages were determined.
CONCLUSION: A phage library has been constructed,
with random peptides displaying as pVIII-fusion proteins.
Specific PreS-binding peptides have been obtained, which
may be useful for developing antivirals against HBV
infection.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The attachment to hepatocytes by hepatitis B virus (HBV)
during infection has long been proposed to be a potential target
for antiviral intervention. It is thought that molecules specifically
binding to HBV particles may interfere with viral attachment
and hence reduce or block subsequent infection[1-3]. Ideally,
these molecules should mimic the structural elements of a
cell surface HBV receptor. Unfortunately, although a few
host proteins have been demonstrated to interact with HBV
particles or viral surface antigens, such a cell surface HBV
receptor remains elusive[4-8]. Consequently, our knowledge
on the molecular events leading to HBV attachment to
hepatocytes is very limited. One longstanding notion is the
role of HBV PreS region in mediating HBV attachment to
the putative receptor on hepatocytes[8-11]. Specifically, the
aa 21-47 segment within the PreS1 domain is believed to
be essential for this process[11]. It is noteworthy that other
important functions of the PreS region have also been
reported, for example, in the assembly and budding of HBV
virion[12-14]. Therefore, the PreS region has become a potential
target for screening antivirals against HBV infection.
Strategies for ligands discovery are usually based on
procedures for assembling a large number of compounds
to produce a diverse array of molecules, followed by a screening
process against targets of interest. Among various technologies
for ligand discovery, phage display has evolved into one of
the main approaches for obtaining lead molecules[15,16].
Filamentous phage M13 has a rather simple architecture
composed of five different structure proteins. The product
of gene 8 (pVIII) is a major capsid protein. There are
approximately 2 700 pVIII molecules all over a phage
particle, while other structural proteins are located at the
tail of the phage particle with only a few copies of each[17].
Thus, by fusing with pVIII, hundreds or thousands of ligands
can theoretically be displayed on the surface of the phage
particle, which should help strengthen its interaction with a
target[15,16]. Thus, pVIII fusion protein based phage display
will offer a greater chance to find mildly binding ligands.
In this study, we have constructed a structurally constrained
phage display library in which random peptides are displayed
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as N-terminal fusions to pVIII and confined in a loop by a
pair of flanking cysteine residues[15,18,19]. Recombinant thioPreS protein was used as target in screening for the PreSbinding peptides. A pool of phages showing PreS-binding
specificity was obtained with an enrichment factor of
approximately 400. Phages with high PreS-binding
specificities were selected and characterized. Sequences of
the peptides displayed on five of PreS-binding phages were
determined.
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TERIALS AND METHODS
MATERIALS
Materials
The pCANTAB5E vector, T7 DNA sequencing kit, and HRPconjugated M13 specific monoclonal antibody (anti-M13 mAb)
are products of Amersham Pharmacia Biotech (Piscataway,
USA). XL1-blue F’ E.coli strain and helper phage VCSM13
were purchased from Stratagene (La Jolla, USA). PreS1
specific mAb 125E11 has been previously described[20,21].
Maxisorp F16 module (Nunc, Denmark) was used for
protein coating. ThiobondTM affinity resin and the thioredoxin
specific mAb (anti-thio) were from Invitrogen (Carlsbad,
USA). Recombinant enterokinase (rEK) was purchased from
Novagen (Madison, USA).
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Construction of random peptide phage display library
pCANTAB5E was utilized as the parental vector for
constructing a pVIII fusion protein display vector. The
coding sequence for M13 pVIII was amplified with specific
primers (pVIII-forward: 5’-TAAGGATCCGGTGGTGCTGAGGGTGACGATCCCGC-3’, pVIII-reverse: 5’-A
GGAATTCATGTACCGTAACACTG-3’) using the
VCSM13 genome as template. PCR product was digested
with BamHI and EcoRI, and inserted into the same sites in
pCANTAB5E, replacing the original gene 3. The resulted
vector was named pFuse8 (Figure 1A). To construct pFuse8E that encodes a PreS1 epitope fused with pVIII (Figure 1A),
annealed oligonucleotides (sense: 5’-CAGCAATGGCAG G C AG C C T G A AC C C TAG C T G G G AT G G T
GGCGGAGGATCCG-3’, antisense: 5’-AATTCGGATCCTCCGCCACC ATCCCAGCTAGGGTTCAGGCT
GCCTGCCATTGCTGGCT-3’, the epitope coding
sequence is underlined) were ligated to pFuse8 digested with
SfiI and BamHI.
For the construction of peptide library, antisense oligonucleotides containing random nucleotides(5’-ATTGCGGATCCACACC(MNN) 3GCA(MNN) 7 ACA(MNN)
3GCCTGCTGCCATTGCTGC-3’, N = A, T, C or G; M =
A or C) was synthesized (Invitrogen). A complementary primer
(5’-CAGCAA TGGCAGCAGGC-3’) was annealed to the
3’ end of the long oligonucleotides, followed by the fill-in
reaction with the Klenow polymerase to generate the doublestranded DNA. The DNA duplex was then digested with
BamHI and ligated into pFuse8 cut with SfiI and BamHI.
The ligation mixture was used to transform XL1-blue F’
competent cells by electroporation. The phage library was
established by co-infection of helper phage VCSM13 (MOI,
10:1) to the transformed cells as previously described[22].
Complexity of the library was estimated according to the
number of independent transformed clones.
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Figure 1 Diagram of library construction. A: a schematic representation of
the steps in the construction of the phagemid encoding the pVIII fusion protein.
pCANTAB5E, a pIII displaying vector; pFuse8, the vector harboring gene 8
coding sequence in replace of gene 3; pFuse8-E, the coding sequence for a
specific epitope recognized by the 125E11 mAb is inserted into pFuse8;
pFuse8-L, the coding sequences for random peptides are inserted into pFuse8;
B: Inserted sequences in pFuse8-E and pFuse8-L after translation. SLNPSWD
is the specific epitope recognized by the 125E11 mAb. In pFuse8-L, the
epitope is replaced with X3CX7CX3.

DNA sequencing
Phagemid pool of randomly picked-up clones from the
library was prepared with SV minipreps kit (Promega). DNA
sequencing was performed with T7 DNA sequencing kit
according to the manufacturer’s instruction.
Preparation of PreS fusion protein
Prokaryotic expression plasmid pThioHisA-PreS was
constructed for the synthesis of thioredoxin fused PreS
(thio-PreS) in E.coli [23]. An affinity purification for the
expression product was performed with ThiobondTM beads
according to the manufacturer’s instruction.
Library screening
Totally 1011 phages were mixed with 30 µL of the thio-PreS
bound ThiobondTM beads and incubated on a rotating wheel
for 10 min. After washing with PBS containing 0.05% Tween
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20 for four times, the beads were treated with 1 unit of rEK
at 30
for 6 h. Phages binding specifically to the PreS
region were supposed to detach off the beads. Eluted phages
in the collected supernatant were subject to propagation in
XL1-blue F’ cells, followed by VSCM13 co-infection to
produce a phage pool for next round of panning[22]. A total
of five rounds of selection were performed.
Western blot
Western blot of thio-PreS was performed according to a
standard method[24]. Thio-PreS coupled on resins with or
without rEK treatment were boiled and separated on SDSPAGE, and transferred to nitrocellulose filters. Anti-thio
mAb (1:1 000) was used as the primary antibody for the
detection. Blots were developed using the ECL method with
HRP-labeled rabbit anti-mouse Ig (1:2 000, DaKo, USA).
Phage ELISA
Phage ELISA was carried out as described previously[22].
Purified thio-PreS proteins (1 µg/well) were immobilized on
the microwells in PBS buffer overnight. Phages propagated
from infected XL1-blue F’ cells were precipitated by 0.1
volume of PEG8000/NaCl (20% PEG8000, 3 mol/L NaCl),
resuspended in PBS buffer and applied to thio-PreS coated
wells, followed by an incubation at room temperature for 1
hour. An HRP-labeled anti-M13 mAb (1:1 000) was used
for the detection of bound phages.
Virus capture assay
For capturing HBV virions, each microwell was coated with
1011 phages in carbonate buffer (pH 9.5) at 4
overnight.
After blocking with 1% BSA at 37
for 2 h, cultured
medium of HepG2.2.15[25] that contains HBV particles was
added and incubated for 1 h at 37 , followed by a washing
process with PBS buffer containing 0.05% Tween 20. An
HRP-conjugated anti-HBs antibody was used to detect the
captured HBV particles according to the manufacturer’s
protocol (Sino-American Biotech, Shanghai).

RESUL
TS
RESULTS
Construction of pVIII based phage display vector
To construct the vector pFuse8, M13 gene 8 was amplified
using the genomic DNA of VCSM13 phage as template.
The PCR product was inserted into pCANTAB5E to replace
the coding sequence of gene 3 and the E-tag (Figure 1A).
The inserted gene 8 is located downstream to a leader signal
sequence of gene 3, which is used to direct the pVIII fusion
protein to the surface of the phage particle. In the phagemid
pFuse8-E as shown in Figure 1B, a spacer between the
leader signal and gene 8 encodes an in-frame peptide
AAQPMAAG-SLNPSWD-GGGSGG. The first part of the
peptide (AAQPMAAG) is a recognition sequence of the
pelB signal peptidase[26]. The 7-amino acids in the middle of
this peptide represents an epitope within the HBV PreS1
domain that is recognized by the 125E11 mAb (unpublished
data), providing a molecular marker for detection of phage
display. The ensuing glycine tether is used to link the peptide
to pVIII, increasing the flexibility of the peptide.
Phages were generated by co-infection of the pFuse8-E
transformed XL1-blue F’ cells with helper phage VCSM13.
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The displayed 125E11 epitope was readily detected by
phage ELISA in a dose dependent manner with the
immobilized 125E11 mAb but not with an irrelevant
mAb (anti-HBs) (Figure 2). As shown in Figure 2, the lac
promoter employed in the vector was somewhat leaky so
that pVIII-fused epitope could be easily detected even
without IPTG induction[27].

Absorbance at A450
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Figure 2 Surface display of the epitope recognized by 125E11. The SLNPSWD
epitope displayed on the surface of the phage particle was detected by phage
ELISA. The circles indicate the phages that bind 125E11 coated wells. Triangles
represent phages captured by an irrelevant mAb (anti-HBs). The synthesis of
pVIII fusion proteins with or without IPTG induction is denoted as white or black,
respectively.

Construction of structure-confined random peptide phage
display library
Structure-confined random peptide library has the advantage
to present peptides in a fixed loop so that their conformations
are relatively rigid[18,19]. In this study, random peptides fused
with pVIII assume a form of X3CX7CX3, where X stands
for any amino acids. Two cysteine residues frank the 7
random amino acids in the middle. Under a non-reducing
environment in the periplasm of E.coli, these cysteine
residues may spontaneously form a disulfide bond that
constrains the conformation of the displayed peptide[18,19].
The oligonucleotides mixture coding for the random peptides
was inserted into the pFuse8 vector (pFuse8-L, Figure 1A).
The resulting library had the size of about 5.0×108 independent
clones that represented a great complexity. The random
property of the library was verified by DNA sequence
analysis. As shown in Figure 3, in the region coding for the
random peptides, all four kinds of nucleotides are equally
distributed at the first two positions of the triplet codons,
while T or G varies at the third position, indicating a sufficient
diversity of the library.
Screening for PreS-binding peptides
The PreS region of HBV, when synthesized alone in E.coli,
is vulnerable to degradation and largely insoluble. To overcome
these problems, the PreS region was fused with the Cterminus of thioredoxin (Figure 4A), which has dramatically
enhanced both the stability and the solubility of the PreS
region (Figure 4B). An enterokinase site located at the
junction between the PreS region and the thioredoxin tag
(Figure 4A) facilitates the release of the PreS region by
digestion with rEK, leaving the thioredoxin tag on the affinity
matrix (Figure 4C). Thus, the PreS-binding phages could be
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As shown in Table 1, the PreS-binding phages were greatly
enriched as evidenced by a steadily rising enrichment factor
(EF, phage eluted/phage applied). An approximately 400fold of enrichment (EF5th/EF1st) was achieved as estimated
by the titer of the phages after the screening. The pool of
phages from the final round of selection bound to the thioPreS immobilized wells specifically in a dose-dependent
manner, in sharp contrast to the original pool of phages
before selection (Figure 5). A much weaker noise was noticed
with the thioredoxin immobilized wells serving as a control,
indicating that the thioredoxin-binding phages were also
selected, though they might only be a small minority.

T

Random bases

- (NNS)3-TGT - (NNS)7- TGC (NNS)3

Figure 3 Diversity of the constructed library. In the region coding for the random
peptides, four kinds of nucleotides are equally distributed at the first two loci of
the triplet codons, while T or G varies at the last. Oligonucleotides for cysteine
confined random peptides (5’-GCAGCAGGC-(NNS)3-TGT(NNS)7-TGC(NNS)
3-GGTGGTGGA-3’, N = A, T, C or G; S = A or C) are shown.
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Characterization of the PreS-binding phages
The specificity of the phages with regard to PreS-binding
was further characterized by virus capture assay. When
coated on microplate wells, the pool of phages from each
round of selection was tested for their abilities to capture
HBV virions from the cultured medium of HepG2.2.15.
The binding capacity to HBV virions increased greatly after
the final round of selection (Figure 6), suggesting that the
PreS-binding phages were truly selected. Phages from the
final round of selection were picked for a further analysis.
The specificities of these phages with regard to PreS-binding
were analyzed with phage ELISA assay. Phages with a strong
binding capacity to thioredoxin were considered nonspecific
and discarded (data not shown). The corresponding phagemids
of five of the PreS-binding phages were subjected to DNA
sequencing. Amino acid sequences of the potential PreSbinding peptides were deduced (Figure 7).
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Figure 4 Synthesis of thio-PreS. A: a schematic representation of the thio-PreS
fusion protein, DDDDK is a cleavage site of rEK; B: SDS-PAGE analysis. Lane
1, the E.coli lysate without IPTG induction; lane 2, the soluble lysate after IPTG
induction, thio-PreS of 33 ku is indicated with a triangle; lane 3, the purified thioPreS; C: Western blot with the anti-thio mAb. Lane 1, thio-PreS coupled to the
ThiobondTM beads; lane 2, thio-PreS coupled beads treated in the absence of
rEK; lane 3, thio-PreS coupled beads treated in the presence of rEK.

dissociated from the resin and enriched. It was expected
that cleavage by rEK might decrease a nonspecific enrichment
of phages binding to the thioredoxin tag. It is noteworthy
that the degradation of the free PreS region should not
influence the recovery of the PreS-binding phages.
A total of five rounds of screening were performed.

DISCUSSION
The filamentous phage display system, whereby the expressed
peptides are displayed as fusions to phage coat proteins,
has been effective in the discovery of ligands[15,16]. Commonly
exploited strategy is the surface display of N-terminus fusions
to the minor coat protein pIII (product of phage gene 3). It
represent a low-valent surface display, as only three to five
copies of pIII are present at the tail of the phage particle,
providing a selection platform for an interaction with a high
affinity[15]. In our work, a pVIII fusion protein based vector
was successfully constructed, and proved to work well in peptide
displaying. Since pVIII is a major coat protein with thousands
of molecules on a single phage, thus pVIII fusion protein
based phage display will offer a greater chance to find mildly
or weakly binding ligands. As PreS-binding peptides are
concerned, the pVIII fusion protein based system may be a
better choice than the pIII fusion protein based system. It is
supposed that the affinity of the HBV virion to its putative
receptor on hepatocytes may not be strong, because an ensuing
intracellular event of dissociation may occur closely after
the penetration of the viral particle during the infection.
Linear oligopeptides likely present various solution
conformations that may be quite different from the structure
in the native or bound forms of a protein. It has been
demonstrated that the structurally active region in native
protein may be mimicked by cyclic amino acid sequences
of constrained peptides displayed on the phage surface[15,18,19].
A pair of flanked cysteine residues was adopted to confine
the random peptides in the middle by presumably forming
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Figure 5 Phage ELISA of the enriched phages after the final round of screening.
Black dots, the enriched phages bind to thio-PreS; Empty dots, the enriched
phages bind to thioredoxin as a control; Black triangles, phages in the original
library do not bind to thio-PreS.
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Figure 6 Virus capture assay. The phage pool (10 11 CFU) after each round of
screening shows an increasing binding capacity to HBV virions in the culture
medium of HepG2.2.15.

FTG C SRLLYGW C SLN
AWT C LFSTGGI C QSS
TLI C MVKIQVK C PMQ
PTW C LEFMITA C IRG
SAV C VSFENFM C IGP
Figure 7 Amino acid sequences of PreS specific oligopeptides. The amino acid
sequences of the peptides encoded by the phagemids derived from five of the
PreS-binding phages were deduced from DNA sequencing analysis. The C in
bold indicates the invariable residues of cysteines.

an intra-molecular disulfide bond that provides a more
defined scaffold when folded in the periplasmic environment
of E.coli. In this study, we have constructed a conformation
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constrained random peptide phage display library and
performed the screening with this library, in the hope that
potential peptides with more defined conformations may
better fulfill the structural features required for PreS-binding.
On the other hand, such a conformation-constrained library
has its weaknesses. It is likely that during the interaction process
between PreS and a potential peptide, both partners may exert
their influences on each other so that the conformation of
the potential peptide adjusts to better bind PreS. In such a
situation, the peptide with a constrained conformation may
be too rigid to accommodate itself upon binding PreS, which
will probably result in a reduced binding affinity.
During the life cycle of HBV, the PreS region of the
large surface antigen (LHBs) plays a crucial role in virion
assembly and budding as well as in viral attachment to
hepatocytes[8-12,28,29]. Given the pivotal role of the PreS
region in HBV life cycle, the specific PreS-binding ligands
are expected to be useful as inhibitors to block viral entry
to hepatocytes, or to interfere with the process of virion
assembly in HBV infected cells. Similar ideas have been
pursued widely in the field of HIV research and proved to
be a potential way for antiviral drug development [30,31].
Moreover, studies on the PreS-binding peptides will likely
provide helpful information about the interaction between
HBV virion and hepatocytes that may aid the identification
of a yet-to-be-found receptor of HBV.
The binding capacity of the pool of phages to HBV
virions increased greatly after the final round of selection.
Thus, the thio-PreS fusion protein was proved to be an 10
effective bait protein that might mimic the conformation
adopted by the PreS region in the native virions. In addition,
the affinity screening for the PreS-binding phages represents
a promising approach for discovering HBV binding ligands.
Several peptides encoded by the phagemids of five of the
PreS-binding phages were determined. No consensus sequence
or conserved amino acids were found in these five peptides.
Therefore, these peptides likely bind to different fragments
of the PreS region. On the other hand, sequences of more
PreS-binding peptides need to be determined and the binding
properties of the PreS-binding peptides await further
investigations, which are currently on the way.
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Abstract
AIM: Eph receptor tyrosine kinases and their membrane
bound receptor-like ligands, the ephrins, represent a
bi-directional cell-cell contact signaling system that directs
epithelial movements in development. The meaning of
this system in the adult human gut is unknown. We
investigated the Eph/ephrin mRNA expression in the
intestinal epithelium of healthy controls and patients with
inflammatory bowel disease (IBD).
METHODS: mRNA expression profiles of all Eph/ephrin
family members in normal small intestine and colon were
established by real-time RT-PCR. In addition, differential
expression in IBD was investigated by cDNA array
technology, and validated by both real-time RT-PCR and
immunohistochemistry. Potential effects of enhanced
EphB/ephrin-B signaling were analyzed in an in vitro
IEC-6 cell scratch wound model.
RESULTS: Human adult intestinal mucosa exhibits a
complex pattern of Eph receptors and ephrins. Beside the
known prominent co-expression of EphA2 and ephrinA1,
we found abundantly co-expressed EphB2 and ephrin-B1/2.
Interestingly, cDNA array data, validated by real-time PCR
and immunohistochemistry, showed upregulation of
ephrin-B2 in both perilesional and lesional intestinal
epithelial cells of IBD patients, suggesting a role in epithelial
homeostasis. Stimulation of ephrin-B signaling in ephrin-

B1/2 expressing rat IEC-6-cells with recombinant EphB1Fc resulted in a significant dose-dependent acceleration
of wound closure. Furthermore, fluorescence microscopy
showed that EphB1-Fc induced coordinated migration of
wound edge cells is associated with enhanced formation
of lamellipodial protrusions into the wound, increased actin
stress fiber assembly and production of laminin at the
wound edge.
CONCLUSION: EphB/ephrin-B signaling might represent
a novel protective mechanism that promotes intestinal
epithelial wound healing, with potential impact on epithelial
restitution in IBD.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The rapid resealing of the intestinal surface partly relies on
the highly adaptive ability of epithelial wound-edge cells to
rapidly form pseudopodial protrusions, reorganize the
cytoskeleton, and migrate into a wound defect in a
coordinated manner[1-3]. In the intestine, the fast epithelial
healing is particularly important considering the necessity
to protect the host with a one-cell-layer epithelium against a
considerable microbial threat and exposure to a multitude
of immunogenic and toxic factors[1]. Since epithelial integrity
is critically linked to the prevention and healing of
inflammatory bowel disease (IBD), the investigation of
wound closure modifying factors has attracted a lot of
attention in this field. Growth factors (EGF, TGF-β, HGF,
KGF, IGF), trefoil peptides, cytokines (IL-1β, IL2), nutrients
(SCFA, polyamines), and matrix components (laminin) are
among the best studied contributors to epithelial restitution[1,4].
In contrast to those established soluble co-factors, the
Eph receptor tyrosine kinases (RTKs), and their membrane-
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bound receptor-like ligands, the ephrins, specifically direct
collaborative cell movements by direct cell-cell signaling[5,6].
Based on their sequence homology, structure, and binding
affinity, the Eph-RTKs and ephrins are divided into two
subclasses, A and B. With few exceptions, the two classes
(A and B) of Eph-RTKs exhibit a differential affinity for
the distinct A- and B-subsets of ephrins. In contrast to
humoral signaling systems, the ligands in this system are
membrane-bound. A-ephrins are tethered to the outer
leaflet of the plasma membrane by virtue of a glycosylphosphatidylinositol (GPI) anchor, whereas, B-ephrins are
transmembrane proteins[7,8]. With the discovery that ephrins
can by themselves induce a “reverse” cellular signaling
response by exhibiting receptor-like functions, it is apparent
that the Eph-RTK/ephrin interactions represent a cell-cell
signaling system that is capable of mediating a bidirectional
response in both the ligand and the receptor-bearing cell[9].
The generated juxtacrine signals organize the coordinated
movement of cells during development, e.g. in axonal
guidance, remodelling of blood vessels, and formation of
epithelial surfaces[10-13]. It has also been demonstrated that
the differential expression of ephrin ligands and Eph-RTKs
along the crypt-villus axis determines the correct positioning
and allocation of the proliferating versus differentiating
compartment during development of crypts in the small
intestine[14]. Disruption of those genes leads to intermingling
between both of these compartments.
While the meaning of Eph-RTKs/ephrins in embryonic
morphogenesis has been well established, their physiologic
role in adult tissues is unknown. However, recent data
indicate a possible role in tissue repair and maintenance[15].
EphA2/ephrin-A1 signaling, previously termed epithelial cell
kinase (Eck) and protein B61, has already been suggested
to be involved in the homeostasis of the intestinal barrier
in adults[16]. Since cytokines such as IL-1β, IL-2 and TGF-β
can modulate the steady-state levels of the expression of
EphA2/ephrin-A1 in vitro, a role in inflammatory bowel
disease (IBD) is possible[16]. Therefore, we investigated the
full repertoire of Eph-RTKs and ephrins in the gut epithelium
and possible differential expression in IBDs. Furthermore,
possible consequences of the observed changes for the
intestinal wound closure capacity were evaluated.

MA
TERIALS AND METHODS
MATERIALS
Tissue specimens and RNA isolation
The corresponding protocols for the study have been
accepted by the local ethics committee and biopsies were
taken after informed consent of the patients. For establishing
of an Eph-RTK/ephrin mRNA expression profile of the
normal human gut, total mucosa biopsies were obtained
from normal colon (n = 5, ages ranged from 28 to 75 years).
Normal small intestine mRNAs (n = 5, ages ranged from
20 to 61 years) were purchased from Clontech (BD Biosciences,
Palo Alto, USA). For each tissue, the RNAs were pooled to
avoid bias due to potential interindividual differences.
Affymetrix® HGU133A and HGU133B GeneChip array
data, recently published by our collaborators, indicated
possible differential expression of some Eph-RTK/ephrin
family members[17]. In that array analysis, samples had been
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collected from resected terminal ileum and colon of control
subjects (n = 4, ages ranged from 52 to 60 years), Morbus
Crohn (MC) patients (n = 4, ages ranged from 23 to 43 years),
and Colitis ulcerosa (CU) patients (n = 4, ages ranged from
20 to 57 years). The material was obtained from noninflamed regions at least 10 cm distant from visibly inflamed
areas to avoid bias due to inflammatory cells. From the
same cohort of patients, individual (not pooled) RNAs were
available for real-time RT-PCR based validation of selected
genes in this study.
For low density array analysis, biopsies were used
provided by the core facility “primary cells and tissues” of
the Regensburg-SFB585 (German interdisciplinary research
initiative on “immune functions in the gut”; http://www.
uniregensburg.de/Einrichtungen/Klinikum/SFB). To
control the sampling process, sets of six biopsies were taken
from each patient or control subjects from identical sites.
One of those biopsies was archived and paraffin-embedded
for histopathological analysis by an expert pathologist (F.B.).
The remaining biopsies were used for research purposes in
this set of experiments. Bias due to stromal and inflammatory
cells was avoided by preparation of intestinal epithelial cells
(IECs). In brief, five needle-head sized biopsies were sampled
in 10 mL HBSS/2 mmol/L EDTA buffer. Epithelial cells
for
and crypts were detached by vigorous shaking at 37
15 min at 225 r/min. After vortexing for a few seconds,
the remaining parts of the biopsies were manually removed.
Crypts and cells were then spun down by short centrifugation
and resolved directly into 350 µL RLT buffer (RNeasy,
Qiagen, Hildesheim, Germany). Due to this IEC preparation,
IBD biopsies could be investigated from actively inflamed
sites in this series. Four control samples (ages ranged from
22 to 66 years), seven MC samples (ages ranged from 33 to
48 years) and four CU samples (ages ranged from 28 to
62 years) were included.
For all samples, RNA extraction was performed according
to the manufacturer’s protocol (RNeasy Mini Kit, Qiagen,
Hilden, Germany). RNA quality was assessed with the 6000
Nano LabChip® using an Agilent 2100 bioanalyzer (Agilent
Technologies, Palo Alto, USA) and quantified spectrophotometrically following standard protocols.
Real-time fluorescence RT-PCR
Real-time TaqMan ® RT-PCR (PE Applied Biosystems,
Darmstadt, Germany) was performed on a ABI Prism 7900
HT Sequence Detection System as previously published[15,18].
Briefly, cDNA was synthesized using the Reverse
Transcription Kit from Promega (Madison, USA) according
to the manufacturer’s protocol. Probes and primers for
TaqMan® analysis were designed on the basis of gene-specific
nonhomologous DNA sequence of the corresponding
members[15]. The standard curve method was used for the
quantification of the relative amounts of gene expression
products. This method provides unitless normalized
expression values that can be used for direct comparison
of the relative amounts of target mRNA in different samples.
All reactions were performed as triplicates.
Low density arrays
Due to limited representation of the Eph-RTK/ephrin
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family on the Affymetrix ® HGU 133 A/B chips, we
established a custom low density array comprising 91
important RTKs, including the complete family of EphRTKs/ephrins and a selection of other receptor and nonreceptor tyrosine kinases. The selection of non-EphRTKs was based on a current review on kinase signaling[19].
The detailed list of genes can be requested from the
authors.
The low density arrays were prepared as follows.
50-mer amino modified oligonucleotide probes were arrayed
onto CodeLink™ Slides (Amersham Biosciences) using a
conventional Pin-and-Ring™ spotter (Affymetrix) in a
and 65-75% humidity).
controlled environment (20
Optimal sequences of the 50mer probes (two for each
gene) were determined by a MWG Biotech proprietary
software (MWG Biotech, Ebersberg, Germany). The 2×91
oligonucleotides were spotted together with 9 reference oligos
(mwghuman10K #11000-#11008) in linear pattern with 4
replicates each, resulting in a total number of 955 spots per
slide. Labeled cRNA was synthesized from total RNA using
Cy3-UTP (Amersham Biosciences) in accordance with the
linear RNA amplification procedures described in the MWG
Array-Application Guide. The cRNA was applied onto the
microarray surface using 120 µL Gene Frames® (ABgene)
and hybridized for 16 h at 42 . For data analysis, the
microarrays were scanned at 10 micron resolution and
analyzed using the program ScanAlyze (M. Eisen; available
at http://rana.lbl.gov/EisenSoftware.htm). Areas of the
array with obvious bad signals were manually flagged and
excluded from subsequent analyses. A linear normalization
method was used, assuming that most of the genes
represented on an array show the same expression profile.
Expression ratios were then calculated and further evaluated
using the Significance Analysis of Microarrays (SAM)
algorithm[20]. The SAM calculates the false discovery rate
(FDR) as an estimate of the percentage of false positive
genes, i.e. genes identified as differentially expressed by
chance. Two-class unpaired analysis was applied to compare
MC and CU samples to the control samples, separately.
Identical FDRs were used to compare the significance of
the regulated genes in MC vs control and CU vs control
expression patterns.
Immunohistochemistry
For immunohistochemical staining of ephrin-B2 the antiephrin-B2 antibody (Santa Cruz, CA, USA) was used in a
dilution of 1:75. Sections of intestinal tissue were boiled
(10 min) in citrate buffer for antigen retrieval. Isotype
matched antibody controls were run in parallel. The
remaining staining procedure according to the ABC-technique
followed standard protocols. Ten control sections of healthy
individuals (ages ranged from 43 to 78 years), 10 cases of
CU (ages ranged from 26 to 80 years), and 10 cases of MC
(ages ranged from 21 to 49 years) were analyzed.
IEC-6 in vitro scratch wound assays
To evaluate possible consequences of enhanced ephrin-B
dependent signaling effects on wound closure of intestinal
cells, not transformed rat IEC-6 cells were chosen as a
model. IEC-6 cells are able to close monolayer scratch
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wounds within a timeframe assuring that closure is a function
of migration competence of the cells at the wound margin
rather than proliferation[21]. In our hands, both HT29 cells
and CaCo2 cells failed to fulfil this criterion. Briefly, the
IEC-6 cells were seeded into six-wells and grown to confluence
in Dulbecco’s MEM (Biochrom AG, Berlin, Germany)
supplemented with 5% fetal calf serum (FCS) (PAN
Biotech, Aldenbach, Germany). After reaching confluence,
the cells were fed with starving medium (0.1% FCS) and
small scratch-wounds (-1 mm width) were produced with a
cell scraper drawn over the surface of the monolayer along
a ruler. The cells were stimulated with varying concentrations
of recombinant rat EphB1-Fc Chimera (R&D Systems,
Minneapolis, USA). The used doses ranged from 0.05 µg/mL
(~0.33 nmol/L) to 5 µg/mL (~33 nmol/L). For control
experiments, recombinant human IgG-Fc (R&D Systems)
was used. Wound closure was monitored at 0, 6, and 24 h
after wounding. Images of the wounds were taken by a
digital camera on top of the cell culture microscope from
exactly the same position at various time points (100×
magnification). The closure of the wounds was assessed by
calculating the difference between the initial wound area
and the remaining wound area at a certain time point. Wound
area calculations were performed using the publicly available
J-Image software of the NCBI (Bethesda, MA, USA). For
each condition, four wounded areas were analyzed in parallel,
and all experiments were repeated twice.
Immunofluorescence microscopy of wound margins
Cells were plated on fibronectin coated glass cover slips
and grown for 16 h in Dulbecco’s MEM plus 5% FCS.
Cells were starved for one night with 0.1% FCS medium,
then the monolayer was wounded by a cell scraper and
stimulated with recombinant EphB1-Fc (5 µg/mL) or
IgG-Fc (5 µg/mL) as control for 6 h. For actin staining,
cells were fixed with 4% paraformaldehyde for 5 min at
room temperature and permeabilized with 0.1% Triton-X
100 for 5 min. The cells were then incubated for 30 min
with rhodamine-conjugated phalloidine (1:100) (Chemicon,
Temecula, CA, USA) as recommended by the supplier. Each
experimental condition was performed on eight replicate
cover slips. For detection of wound edge deposits of laminin
an affinity purified laminin specific antibody L9393 from
Sigma (St. Louis, MS, USA) and FITC labeled secondary
goat anti-rabbit antibody (Vector, Burlingame, USA) were
used. Images were taken on a Leitz microscope equipped
with a fluorescence lamp and appropriate filters. Cells were
photographed at 400× magnification.
Immunoblotting
To demonstrate the ability of the recombinant rat EphB1Fc (R&D Systems) used to bind and potentially activate
ephrin-B2 in IEC-6 cells, immunoprecipitation of ephrinB2 was performed using the SeizeTM Classic Mammalian
Immunoprecipitation Kit (Pierce, Rockford, USA). EphrinB2 protein was precipitated using this recombinant rat
EphB1-Fc. Precipitates were analyzed by SDS-PAGE and
blotted according to standard protocols. For detection of
ephrin-B2, a polyclonal anti-ephrin-B2 antibody (Santa Cruz)
was used.
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Figure 1 Expression profile of Eph-RTKs and ephrins in normal human mucosa
of the small intestine (n = 5) and colon (n = 5) assessed by real time TaqMan®
RT-PCR. The CT-values allow a relative quantification of the mRNA expression

of the single members. Low CT-values indicate a high expression level and
vice versa. The arrows indicate marked expression of the family members
EphA2, ephrin-A1, EphB2, and ephrin-B1/2.

Statistical analysis
Non-parametric testing was performed (Mann-Whitney test)
for comparing the mean values in the wound closure
experiments. Significance was indicated by a P<0.05.

both in the small intestine and in the colon samples. The
individual probes of the CU patients also showed a
significant up-regulation in the colon samples. In contrast, a
0.5-fold downregulation of EphB4 in the colon of CU patients,
as indicated by previous Affymetrix® array analysis[17], did
not reach significance in the real-time RT-PCR validation.

Ephrin-B2 is upregulated in mucosa samples from IBD patients
A recently published gene array analysis (Affymetrix ®
platform) of pooled IBD samples and control patients
produced detectable signals only for a minor fraction of
Eph-RTKs and ephrins (EphA2, ephrin-A1, EphB2, EphB4
and ephrin-B1/2)[17]. Interestingly, these were almost exactly
the most abundantly expressed genes of this family in our
real-time RT-PCR profile (Figure 1).
That array analysis had further revealed an up-regulation
of ephrin-B2 (2.4-fold in the small intestine and 1.5-fold in
the colon) in perilesional, not inflamed mucosa of MC
patients[17]. In this study, we validated those observations in
the same cohort of patients. For this purpose, we used our
established TaqMan® probe and primer set for ephrin-B2.
In these experiments, the individual (not pooled) samples
of all 4 well characterized cases of MC, CU and controls
were analyzed (Figure 2). A significant up-regulation of
ephrin-B2 could be confirmed in the individual MC patients

25
Relative expression

RESUL
TS
RESULTS
Intestinal mucosa expresses a broad gut-specific spectrum of
Eph-RTKs and ephrins
The role of Eph-RTKs and ephrins is well defined in
developmental biology. However, the expression and
function in adult tissues is only marginally known, yet.
Therefore, we established a profile of the expression of
the members of this family in the small intestine and colon
from normal control individuals. For this purpose, a library
of real time TaqMan® RT-PCR probes and primers was
employed that was recently established in our lab[15]. The
results are shown in Figure 1. Small intestine and colon
mucosa exhibit the presence of a broad spectrum of Aand B-class Eph receptors and ephrins with some organotypic
differences of the expression profiles. Ephrin-A1 (formerly
protein B61) and ephrin-B1/2 are the most abundantly
expressed ligands. On the receptor site, EphA2 (formerly
epithelial cell kinase, Eck) and EphB2 are the most abundantly
expressed receptors.
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Figure 2 Differential gene expression of Eph-RTKs and ephrins in the mucosa of
IBD patients (TaqMan® RT-PCR validation of Affymetrix® cDNA array results[17]).
Individual RNAs from perilesional total mucosa biopsies (ileum terminale and colon)
of 4 control subjects, 4 MC patients and 4 CU patients were analyzed. Real-time
RT-PCR confirmed significant up-regulation of ephrin-B2 in MC patients (ileum and
colon) and CU (colon). Differential expression of EphB4, as suggested by the
Affymetrix® array data, was not significant. The relative expression values were
calculated according to the standard curve method of the TaqMan® protocol (Applied
Biosystems, Darmstadt, Germany) by normalization with a housekeeper gene
(18S rRNA) and are therefore unitless (for details, see[15]). aP<0.05 vs normal.

Low density arrays confirm the up-regulation of ephrin-B2 in
intestinal epithelial cells (IECs) prepared from lesional IBD
biopsies
Since RT-PCR suggested a much more diversified presence
of Eph-RTKs and ephrins in gut mucosa than it was
detectable by the HGU 133 A/B chip generation, we
employed low density 50 mer oligonucleotide technology
based on protocols developed by MWG (MWG Biotech,
Ebersberg, Germany). To further substantiate the specificity
of the results for the epithelial compartment, in this series
of experiments the IECs were isolated from sets of biopsies
of controls and lesional inflamed mucosa biopsies of MC
patients and CU patients, respectively.
SAM (significance analysis of microarray data) analysis
revealed that ephrin-B2 reached the highest significance score
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Figure 3 Immunohistochemistry of ephrin-B2 from biopsies of normal colon
and lesional colon in IBD. (A-C: normal colon; D, F: MC; E: CU.). A-C: ephrinB2 expression shows a physiologic gradient along the crypt-axis in normal
epithelium of the colon, i.e. the maximum staining is found in the luminal,

in MC patients among 16 further genes with significant
scores at an estimated false positive rate of 5%. This is
consistent with the previous Affymetrix® array analysis[17]
and our real time RT-PCR data (Figure 2). Interestingly,
with this 50 mer low density chip further Eph-RTKs and
ephrins produced measurable signals and were identified as
potentially regulated in the (lesional) intestinal epithelium
of MC patients (ephrin-A5, EphB1, EphB4). Moreover,
FGFR-3, INSRR, NGFR, PDGFR-β were among the
candidate genes, growth factor receptors that have already
been linked to epithelial healing, proliferation and many other
aspects of IBD-physiology[22]. In contrast, no significantly
regulated genes were observed in the CU group.
Immunohistochemistry confirms up-regulation and ectope
epithelial expression of ephrin-B2 in lesional IBD biopsies
Immunohistochemistry revealed that ephrin-B2 is expressed
most prominently in the upper parts of the crypts in normal
mucosa of the human colon, i.e. the most intense expression
is found in the terminally differentiated epithelium at the
luminal surface. Apparently, there is a gradient along the
crypt-axis with decreasing expression in the deeper parts of
the crypts. In contrast, in inflamed MC samples a strong
staining of the entire epithelium was observed from the
basis to the top of the crypts with an obvious loss of this
gradient (Figure 3). In CU samples, this distortion of ephrinB2 expression was also seen in some samples, but not as
consistent as in MC.
IEC-6 in vitro scratch wound assays indicate an enhanced wound
closure upon stimulating the ephrin-B reverse signaling pathway
Since both array analysis and quantitative RT-PCR data
suggested up-regulation of ephrin-B2 in lesional and
perilesional intestinal epithelium of MC patients, we
investigated possible functional consequences of intensified
reverse ephrin-B signaling in an intestinal epithelial model
cell line. Not transformed rat intestinal IEC-6 cells were chosen
for two reasons: (1) Constitutive expression of the ligand
ephrin-B2 and the receptor EphB2 in this cell line could be
confirmed by quantitative RT-PCR, immunocytochemistry
(data not shown) and immunoblotting (Figure 4); (2) IEC-6
cells exhibit a basal wound closure competence in vitro, which
exceeded the competence of human intestinal cancer cell
lines (HT-29, CaCo-2, SW-480) tested in our lab.
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terminally differentiated epithelium of normal colon mucosa. D-F: In MC and CU
this gradient is disturbed, i.e. strong ectopic expression in the deep parts of the
crypts can be observed. C and F represent cross sections of the deep part of a
crypt.

IP: EphB1-Fc
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Blot: anti-ephrin-B2
Figure 4 Immunoprecipitation of ephrin-B2 with EphB1-Fc demonstrates that
the recombinant rat EphB1-Fc binds to ephrin-B2 (42 ku), and ephrin-B2 is
constitutively expressed by rat IEC-6 cells. Ephrin-B2 transfected B16 melanoma
cells served as positive control.

Wounded monolayers of IEC-6 cells were treated with
recombinant rat EphB1-Fc for stimulation of ephrin-B
dependent pathways. As shown in Figure 5, a dose-dependent
acceleration of wound closure by stimulation with EphB1
could be observed after 6 and 24 h (P<0.05). Interestingly,
maximal effects were already obtained with 0.05 µg/mL
(~0.33 nmol/L) concentration of EphB1-Fc. Higher
concentrations slightly decreased the wound closure activity.
Control experiments were performed with equal amounts
of IgG-Fc.
Stimulating the ephrin-B reverse signaling pathways in IEC-6
cells induces cellular responses indicating enhanced wound
closure capacity
As shown in Figure 6, starved unstimulated IEC-6 cells
exhibit only a limited wound closure activity 6 h after
wounding (Figure 6A). In contrast, the EphB1-Fc stimulated
cells already show signs of organized motile activity forming
multiple archipelago-like sheets of cells stretching into
the denuded area (Figure 6B). Notably, asymmetric
lamellipodial protrusions are formed by those wound-edge
cells. Further cytoskeletal correlations of inducible woundedge activities can be demonstrated by actin staining with
phalloidin. The unstimulated cells show a rounded
morphology with less polymerized actin bundles (Figure 6C).
The EphB1-Fc exposed cells show a stretched-out, bizarre
morphology and apparent assembly of stress fibers. The
spike-structures may reflect increased focal adhesion
assembly (Figure 6D). Furthermore, the enhanced wound
closure of the stimulated cells is also accompanied by
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Figure 5 IEC-6 in vitro scratch wound assays indicate an enhanced wound
closure activity upon stimulation with EphB1-Fc. IEC-6 cell monolayers were
wounded in a standardized manner using a cell scraper, and relative wound

closure was monitored after 6 h and 24 h. Subnanomolar doses of EphB1-Fc
(0.05 µg/mL~0.33 nmol/L) significantly enhanced the wound closure (aP<0.05).
Higher doses did not further increase this effect.

increased deposition of laminin as a provisional basal
membrane at the wound edge (Figure 6E, F).

interaction of ephrin-B2 with downstream effectors of the
cytoskeleton such as focal adhesion kinase (FAK) and cdc42
has been recently demonstrated[24].
Therefore, we addressed possible functional effects of
an enhanced EphB/ephrin-B-dependent exchange of
intercellular signals on epithelial repair processes. The
stimulation of rat IEC-6 cells with recombinant ephrin-B2binding EphB1-Fc receptors effectively enhanced their
wound closure competence at doses below 1 nmol/L.
Consistent with this ‘repair phenotype’, EphB1-Fc stimulation
induced a concerted migratory response of wound-edge
cells. This was documented by early archipelagolike
movements at the wound-edge associated with increased
stress-fiber polymerization and adoption of a stretched-out
morphology with multiple wound-oriented lamellipodia.
Furthermore, the increased deposition of laminin provides
a new basement for integrin-dependent anchorage and
survival of the cells[25]. Although the IEC-6 model suggests
mechanisms in favor of enhanced wound healing, any
conclusions regarding the in vivo situation have to be drawn
with caution. As shown by immunohistochemistry of MC
lesions, the physiologic expression gradients extending from
the basis of the intestinal crypts to the apical epithelium
are apparently lost in MC epithelia. This graded expression

DISCUSSION
This study demonstrates a complex spectrum of Eph-RTK
and ephrin expression in the normal human adult intestinal
mucosa. This suggests that Eph-RTKs and ephrins may
contribute to tissue maintenance throughout life, in addition
to their welle-stablished roles in development[23]. Consistent
with a previous study by Podolsky and co-workers[16], we
found EphA2 and ephrin-A1 among the most prominently
expressed family members both in the small intestine and
colon. To the best of our knowledge, this is the first study
showing a concurrent prominent co-expression of EphB2
and ephrin-B1/2 in normal human intestine. Other family
members revealed a less abundant expression. This gut
‘signature’ is unique among other normal tissues in humans[15].
In addition, this study reports a differential regulation of
ephrin-B2 in the intestinal epithelium of MC patients. In
the light of recent insights into the function of ephrin-B2,
its upregulation suggests a possible ephrin-B2-dependent
modulation of cytoskeletal dynamics and migration
competence of epithelial cells in IBD. The multi-modal
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Figure 6 Stimulation of IEC-6 cells with EphB1-Fc induces subcellular responses
compatible with enhanced wound closure capacity. Compared to the nonstimulated control (A), recombinant EphB1-Fc stimulated cells produce an
organized migratory activity forming multiple archipelago-like sheets of cells
stretching into the denuded area already 6 h after stimulation. In addition,
asymmetric lamellipodia are seen (arrow). (B). Staining of actin with phalloidin

shows a rounded morphology with less polymerized actin bundles in unstimulated
cells (C), whereas EphB1-Fc stimulated cells display a stretched-out, bizarre
morphology and apparent assembly of abundant stress fibers. Spike-like
protrusions may correspond to focal adhesion assembly (arrows) (D). EphB1Fc also induces an increased deposition of laminin as a provisional basal
membrane at the wound edge (F) (arrows) compared to control cells (E).

is tightly regulated by β-catenin and TCF, and has been
shown to be responsible for the spatial separation of the
proliferative and differentiated epithelial compartment
along the crypt-villus axis during development[14]. Since the
expression gradient may be the driving principle of organized
cell replacement, from the base to the top along the cryptvillus axis, this ectopic expression in MC could also be
deleterious. Finally, the upregulation of ephrin-B2 does not
necessarily mean enhanced ephrin-B2-dependent signaling
in the epithelium, since counteracting mechanisms (e.g.
phosphatases such as FAP-1 and PTP-BL) may be upregulated as well[26].
Extrapolations on in vivo effects of single family members
are also hampered by the complexity involved. Members
of this largest class of Eph-RTKs in humans can evolve
seemingly disparate effects depending on the cellular
system and the relative balance of A vs B receptors and
ligands. For instance, Lawrenson et al., have reported that
ephrin-A5, also in our list of upregulated candidate genes
in MC epithelium, can induce de-adhesion of EphA3
expressing 293T and melanoma cells[27]. The contrary has
been reported for CaCo2 cells[16]. With PC-3 prostate cancer
cells transfected with EphA2, stimulation with ephrin-A1
resulted in an inhibition of cell adhesion and spreading
on laminin and fibronectin[28]. EphA2 is also linked with
the p53 tumor-suppressor protein family and can induce
apoptosis[29]. In contrast, ephrin-B/EphB-interaction can
promote integrin-mediated cell attachment in embryonic
kidney cells[30], endothelial cells[31], platelets[23] and P19 cells[32].
Obviously, the composition and fine-tuned balance of
expressed individual members of this large family is a critical

point and might contribute to the movement of intestinal
cells along the crypt-villus axis[14], or from the wound margin
to the center of epithelial defects.
Nevertheless, therapeutically it could be very interesting
to strengthen the effects of the protective members and to
weaken the effects of the counteracting members in this
system, since our study demonstrates that nM doses can
provoke significant effects on wound healing in the IEC-6
cell model. With the discovery of defined peptides that
activate or specifically block selected molecules of this
family[33], a differentiated biological targeting of this delicately
balanced system is possible in the near future. Since T-cell
homing and interferon-γ production are also dependent on
their Eph-RTK/ephrin environment, strategies could evolve
that both regain the epithelial homeostasis and attenuate
immunologic responses in IBD patients.
We conclude that the EphB/ephrin-B induced pathways
should be placed on the list of targets for future molecular
therapies trying to inter vene with neomorphogenic
pathways in IBD epithelia. However, the specifics of such
interventions like potential interactions with the immune
system, and the function of numerous partly counteracting
family members, have to be better understood first.

ACKNOWLEDGMENTS
The skillful technical assistance and support of Mrs. Nadine
Wandtke and Lydia Künzel is gratefully acknowledged.
REFERENCES
1

Wilson AJ, Gibson PR. Epithelial migration in the colon: fill-

Hafner C et al. Ephrin-B2 enhances intestinal wound healing

2
3
4
5
6
7
8
9

10
11
12

13

14

15

16

17

18

ing in the gaps. Clin Sci 1997; 93: 97-108
Podolsky DK. Healing the epithelium: solving the problem
from two sides. J Gastroenterol 1997; 32: 122-126
Jacinto A, Martinez-Arias A, Martin P. Mechanisms of epithelial fusion and repair. Nat Cell Biol 2001; 3: E117-123
Dignass AU. Mechanisms and modulation of intestinal epithelial repair. Inflamm Bowel Dis 2001; 7: 68-77
Drescher U. Eph family functions from an evolutionary
perspective. Curr Opin Genet Dev 2002; 12: 397-402
Cowan CA, Henkemeyer M. Ephrins in reverse, park and drive.
Trends Cell Biol 2002; 12: 339-346
Pasquale EB. The Eph family of receptors. Curr Opin Cell Biol
1997; 9: 608-615
Murai KK, Pasquale EB. ‘Eph’ective signaling: forward, reverse and crosstalk. J Cell Sci 2003; 116: 2823-2832
Holland SJ, Gale NW, Mbamalu G, Yancopoulos GD,
Henkemeyer M, Pawson T. Bidirectional signalling through
the EPH-family receptor Nuk and its transmembrane ligands.
Nature 1996; 383: 722-725
Flanagan JG, Vanderhaeghen P. The ephrins and Eph receptors
in neural development. Annu Rev Neurosci 1998; 21: 309-345
Holder N, Klein R. Eph receptors and ephrins: effectors of
morphogenesis. Development 1999; 126: 2033-2044
Gale NW, Yancopoulos GD. Growth factors acting via endothelial cell-specific receptor tyrosine kinases: VEGFs,
angiopoietins, and ephrins in vascular development. Genes
Dev 1999; 13: 1055-1066
Gale NW, Baluk P, Pan L, Kwan M, Holash J, DeChiara TM,
McDonald DM, Yancopoulos GD. Ephrin-B2 selectively marks
arterial vessels and neovascularization sites in the adult, with
expression in both endothelial and smooth-muscle cells. Dev
Biol 2001; 230: 151-160
Batlle E, Henderson JT, Beghtel H, van den Born MM, Sancho
E, Huls G, Meeldijk J, Robertson J, van de Wetering M, Pawson
T, Clevers H. Betacatenin and TCF mediate cell positioning in
the intestinal epithelium by controlling the expression of EphB/
ephrinB. Cell 2002; 111: 251-263
Hafner C, Schmitz G, Meyer S, Bataille F, Hau P, Langmann
T, Dietmaier W, Landthaler M, Vogt T. Differential gene expression of Eph receptors and ephrins in benign human tissues and cancers. Clin Chem 2004; 50: 490-499
Rosenberg IM, Goke M, Kanai M, Reinecker HC, Podolsky
DK. Epithelial cell kinase-B61: an autocrine loop modulating
intestinal epithelial migration and barrier function. Am J Physiol
1997; 273: G824-832
Langmann T, Moehle C, Mauerer R, Scharl M, Liebisch G,
Zahn A, Stremmel W, Schmitz G. Loss of detoxification in
inflammatory bowel disease: Dysregulation of pregnane X
receptor target genes. Gastroenterology 2004; 127: 26-40
Langmann T, Mauerer R, Zahn A, Moehle C, Probst M,
Stremmel W, Schmitz G. Real-time reverse transcription-PCR
expression profiling of the complete human ATP-binding cassette transporter superfamily in various tissues. Clin Chem
2003; 49: 230-238

4031
19
20

21

22
23

24
25

26

27

28

29

30

31

32

33

Blume-Jensen P, Hunter T. Oncogenic kinase signalling.
Nature 2001; 411: 355-365
Tusher VG, Tibshirani R, Chu G. Significance analysis of
microarrays applied to the ionizing radiation response. Proc
Natl Acad Sci USA 2001; 98: 5116-5121
Sturm A, Sudermann T, Schulte KM, Goebell H, Dignass
AU. Modulation of intestinal epithelial wound healing in vitro
and in vivo by lysophosphatidic acid. Gastroenterology 1999;
117: 368-377
Beck PL, Podolsky DK. Growth factors in inflammatory bowel
disease. Inflamm Bowel Dis 1999; 5: 44-60
Prevost N, Woulfe DS, Tognolini M, Tanaka T, Jian W, Fortna
RR, Jiang H, Brass LF. Signaling by ephrinB1 and Eph kinases
in platelets promotes Rap1 activation, platelet adhesion, and
aggregation via effector pathways that do not require phosphorylation of ephrinB1. Blood 2004; 103: 1348-1355
Cowan CA, Henkemeyer M. The SH2/SH3 adaptor Grb4 transduces B-ephrin reverse signals. Nature 2001; 413: 174-179
Lotz MM, Nusrat A, Madara JL, Ezzell R, Wewer UM,
Mercurio AM. Intestinal epithelial restitution. Involvement of
specific laminin isoforms and integrin laminin receptors in
wound closure of a transformed model epithelium. Am J Pathol
1997; 150: 747-760
Palmer A, Zimmer M, Erdmann KS, Eulenburg V, Porthin A,
Heumann R, Deutsch U, Klein R. EphrinB phosphorylation
and reverse signaling: regulation by Src kinases and PTP-BL
phosphatase. Mol Cell 2002; 9: 725-737
Lawrenson ID, Wimmer-Kleikamp SH, Lock P, Schoenwaelder
SM, Down M, Boyd AW, Alewood PF, Lackmann M. EphrinA5 induces rounding, blebbing and de-adhesion of EphA3expressing 293T and melanoma cells by CrkII and Rho-mediated signalling. J Cell Sci 2002; 115: 1059-1072
Miao H, Burnett E, Kinch M, Simon E, Wang B. Activation of
EphA2 kinase suppresses integrin function and causes focaladhesion-kinase dephosphorylation. Nat Cell Biol 2000; 2: 62-69
Dohn M, Jiang J, Chen X. Receptor tyrosine kinase EphA2 is
regulated by p53-family proteins and induces apoptosis.
Oncogene 2001; 20: 6503-6515
Huynh-Do U, Stein E, Lane AA, Liu H, Cerretti DP, Daniel
TO. Surface densities of ephrin-B1 determine EphB1-coupled
activation of cell attachment through alphavbeta3 and
alpha5beta1 integrins. Embo J 1999; 18: 2165-2173
Huynh-Do U, Vindis C, Liu H, Cerretti DP, McGrew JT,
Enriquez M, Chen J, Daniel TO. Ephrin-B1 transduces signals
to activate integrin-mediated migration, attachment and
angiogenesis. J Cell Sci 2002; 115: 3073-3081
Stein E, Lane AA, Cerretti DP, Schoecklmann HO, Schroff
AD, Van Etten RL, Daniel TO. Eph receptors discriminate
specific ligand oligomers to determine alternative signaling
complexes, attachment, and assembly responses. Genes Dev
1998; 12: 667-678
Koolpe M, Dail M, Pasquale EB. An ephrin mimetic peptide
that selectively targets the EphA2 receptor. J Biol Chem 2002;
277: 46974-46979
Science Editor Li WZ Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(26):4032-4039
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BASIC RESEARCH •

Effect of the ulcerogenic agents ethanol, acetylsalicylic acid and
taurocholate on actin cytoskeleton and cell motility in cultured
rat gastric mucosal cells
Siamak Bidel, Harri Mustonen, Giti Khalighi-Sikaroudi, Eero Lehtonen, Pauli Puolakkainen, Tuula Kiviluoto, Eero Kivilaakso
Siamak Bidel, Harri Mustonen, Giti Khalighi-Sikaroudi, Eero
Lehtonen, Pauli Puolakkainen, Tuula Kiviluoto, Eero Kivilaakso,
Department of Surgery, Helsinki University Central Hospital,
Haartmaninkatu 8, Helsinki, Finland
Supported by the Grants from Antti and Jenny Wihuri Foundation
and Research Foundation of Helsinki University Central Hospital,
TYH4228
Co-first-authors: Harri Mustonen
Correspondence to: Harri Mustonen DSc, Helsinki University
Central Hospital, Department of Surgery, Biomedicum Helsinki,
Haartmaninkatu 8, Helsinki 00290,
Finland. harri.mustonen@helsinki.fi
Telephone: +358-9-471-71829 Fax: +358-9-471-74675
Received: 2004-09-01 Accepted: 2004-10-07

In addition, ethanol and ASA caused degradation of actin
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Abstract
AIM: To assess the effects of ulcerogenic agents on actin
cytoskeleton and cell motility and the contribution of
oxidative stress.
METHODS: Rat gastric mucosal cell monolayers were
cultured on coverslips. The cells were exposed, with
or without allopurinol (2 mmol/L), for 15 min to ethanol
(10-150 mL/L), ASA (1-20 mmol/L) or taurocholate
(1-20 mmol/L), then the cells were processed for actin
and vinculin staining. Cell migration after wounding was
also measured.
RESULTS: Exposure to 10 mL/L ethanol caused divergence
of zonula adherens-associated actin bundles of adjacent
cells and decreased rate of migration. These actions were
opposed by xanthine oxidase inhibitor allopurinol. Exposure
to 50 mL/L ethanol induced degradation and divergence
of zonula adherens-associated vinculin from adjacent cells,
which was, again, partially reverted by allopurinol. With
1 mmol/L ASA actin filaments became shorter and thicker.
However, higher concentrations (10, 20 mmol/L) of ASA
returned microfilaments thinner and longer, and decreased
rate of migration. Zonula adherens-associated actin bundles
were moderately distorted with 10 mmol/L ASA and with
10 mmol/L taurocholate. Exposure to taurocholate provoked
changes resembling those of ASA. Taurocholate 5-20 mmol/L
decreased the rate of migration dose dependently. The
effects of ASA and taurocholate were not prevented by
allopurinol.
CONCLUSION: All ulcerogenic agents decreased the rate
of migration dose dependently and induced divergence of
zonula adherens-associated actin bundles of adjacent cells.

INTRODUCTION
The gastric mucosa is frequently exposed to different
exogenous and endogenous ulcerative agents, such as ethanol,
aspirin and taurocholate. These agents have been extensively
investigated with methods, including biochemistry, morphology, electrophysiology, tissue permeability, etc., but the
cellular mechanisms of injury are still poorly defined.
In digestive epithelia actin cytoskeleton is involved, for
example, in organization of cytoplasm, maintenance of cell
shape, generation and maintenance of epithelial polarity and
in migration. The cytoplasm of epithelial cell is spatially
and temporally organized by microfilaments, microtubules
and intermediate filaments, which form a lattice-like
intracellular meshwork[1,2].
The actin cytoskeleton is highly conserved in eukaryotic
cells, including more than 70 categorized types of actinbinding proteins[3]. The human actin family includes α-, β-,
and γ-actin, which share most of their amino acid sequences.
The actin filaments are formed by polymerization of actin
monomers. The polymeric actins are assembled into a
filamentous network, which is regulated by actin-binding
proteins. These proteins regulate, for example, polymerization,
cross linking, nucleation and branching, anchoring, capping,
membrane interaction, cell-extracellular matrix interaction,
cell-cell interaction and contractility of actin filaments[4]. The
actin filaments are bundled together by various actin crosslinking proteins to form complex three-dimensional structures.
The filaments are extensively branched near the plasma
membrane, focal adhesions, and adherens and tight junctions.
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Arp2/3 complex is involved in this branching[5].
Different components of the cytoskeleton are tightly
involved in cell motility[6]. Actin based cell motility has several
important tasks in epithelial cell functions, such as in secretory
vesicle movement and cell migration during wound healing[7].
The cell migration starts with lamellipodia extension and
formation of new focal adhesions, followed by the contraction
of the cell body and detachment of the tail. Rho guanosine
triphosphatases have a key role in regulating different phases
of migration. Rac1 seems to be involved in initiation of
migration[8] and in stimulation of lamellipodium extension[9],
while Rho seems to contribute mainly to cell body contraction[6].
Epithelial cells have specialized mechanisms to enable
cell-cell and cell-extracellular matrix adhesions. These
connections are formed by transmembrane proteins, which
bind to extracellular matrix or adjacent cells with their
extracellular domains, while the intracellular domains bind
to intracellular cytoskeleton via cytoplasmic adaptor proteins,
many of which interact with the actin cytoskeleton [10].
Integrins mediate cellular adhesion to the extracellular matrix.
They are linked to the actin cytoskeleton in focal adhesion
complexes, which include a multitude of proteins, such as
vinculin, talin, paxillin and calpain. These focal adhesions
are involved in regulation of the cell migration and
proliferation. The classical E-cadherins mediate Ca2 +
dependent cell-cell adhesion through their extracellular Ca2+
binding repeats, while their cytoplasmic part binds to the
actin cytoskeleton via β- and α-catenin. This complex is
associated with a variety of other proteins, including vinculin,
α-actinin, and paxillin. Zonula adherens is an E-cadherin
based belt-like adherent junction just below the tight junctions
encircling the epithelial cells adhered to each other. Along
the cytoplasmic side of the zonula adherens runs a contractile
bundle of actin filaments, which are associated to zonula
adherens with a set of intracellular proteins, such as a-catenin,
vinculin, -actinin and plakoglobin. Vinculin is a large protein
with multiple binding sites to different adhesion related
proteins, including actin, a-actinin, talin, paxillin, VASP,
ponsin, vinexin and PKC[11,12]. Vinculin is thought to mediate
the linkage between actin cytoskeleton and cadherins or
integrins in cell-cell or cell-extracellular matrix adhesions.
Recently vinculin has been shown to transiently associate
with arp2/3 complex in the nascent focal complexes in the
leading edge [13], possibly linking cellular protrusion and
adhesion to extracellular matrix. Ethanol is known to cause
oxidative stress in rat hepatocytes and in gastric mucosal
cells[14,15]. Oxidative stress can cause various effects in the
cell, such as oxidation and fragmentation of cellular proteins,
peroxidations of membrane lipids, fragmentation of DNA
and mitochondrial damage. Among the very early effects
of oxidative stress might be disruption of the cytoskeleton[16].
The aim of the present study was to characterize the
effects of different ulcerogenic agents on actin cytoskeleton,
cell adhesion molecules and cell migration, and to investigate
the possible role of oxidative stress in the cellular injury
induced by them. This was accomplished by confocal and
normal fluorescence imaging of actin and vinculin during
exposure of the epithelial cells to the ulcerogenic agents.
We also measured the rate of cell migration during exposure
to the ulcerogenic agents to assess the functional state of

4033

the cytoskeleton. We further studied the possible role of
reactive oxygen species in epithelial injury by inhibiting
endogenous intracellular generation of superoxide radicals
from purines with a xanthine oxidase inhibitor, allopurinol.

MA
TERIALS AND METHODS
MATERIALS
Immortal rat gastric mucosal cells (RGM-1, Riken Cell Bank,
Riken, Japan)[17] were cultured on coverslips to confluent
in humidified atmosphere containing
monolayers at 37
50 mL/L CO 2 in air. The medium used was an equal
mixture of Ham’s F12 and Dulbeccos’s MEM supplemented
with inactivated 200 mL/L fetal bovine serum, 100 U/mL
penicillin, 100 µg/mL streptomycin and 0.125 µg/mL
amphotericin.
The cells were exposed for 15 min to the following
ulcerogenic agents: ethanol (10-150 mL/L), acetylsalicylic
acid (ASA, 1-20 mmol/L) and taurocholate (1-20 mmol/L)
at 37 . In allopurinol experiments the samples were treated
with 2 mmol/L allopurinol 24 h before and during the
exposure of the ulcerogenic agent. Thereafter the cells were
fixed with 35 mL/L paraformaldehyde in PBS for 15-20 min
at room temperature and stained as described below.
Actin filaments and focal adhesion plaques were stained
with phallotoxins conjugated to Alexa 488 fluorophore
(Molecular Probes, A-12379). After fixation the cells were
washed three times for 5-10 min with PBS at room
temperature, permeabilized with 1 mL/L Triton-X, 1 mL/L
bovine serum albumin in PBS and washed again three
times for 5-10 min in PBS. Thereafter, the samples were
incubated for 30-60 min in PBS with 80 mL/L bovine serum
albumin and washed three times for 5-10 min with PBS
and incubated overnight with the mouse monoclonal antivinculin (10 µg/mL, with 10 mL/L bovine serum albumin).
The samples were washed three times for 5-10 min with
PBS and were incubated with secondary antibody goat
anti-mouse Alexa 568 (10 µg/mL) and Alexa 488 phalloidin
(1:1 000) with 1 mL/L bovine serum albumin in PBS for
30 min at room temperature. Thereafter, the samples were
washed three times for 5-10 min with PBS and mounted
with DABCO containing mounting media. Confocal
fluorescence microscopy was performed with a Leica TCS
SP2 confocal microscope and normal fluorescence
microscopy with an Olympus IX50 microscope.
Cell migration assay
RGM cells were cultured to confluency on plastic culture
dishes as described above. In allopurinol series the confluent
monolayers were treated with allopurinol after and 24 h
before wounding. Artificial round-shaped wounds were
created in the cell monolayer with a silicon tip, where after
control (water) or ulcerogenic agents were added. The migration
distance of the cells at the wound edge was measured during
the next 6 h at 2 h intervals by measuring the change in cell
free area. The rate of migration was calculated from the
change of cell free area measured at 0 and 6 h, as described
previously[18].
Statistical analysis
The results are expressed as mean±95% confidence intervals.
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Student’s unpaired t-test was used for statistical analysis of
the raw data. P values less than 0.05 were considered as
statistically significant.

RESUL
TS
RESULTS
Ethanol
In control cells, actin filaments were thin, showing branched
actin networks and zonula adherens-associated actin bundles
near the cell-cell contact sites (Figures 1 and 2). Exposure
to 10 mL/L (vol/vol) ethanol for 15 min (Figure 1) did not
cause any apparent changes in actin cytoskeleton. Increasing
the ethanol concentration to 50 mL/L caused moderate
degradation and irregularity in the actin filament organization.
These changes became more prominent with 100 mL/L
ethanol, displaying almost complete degradation of the
actin filaments. Exposure to 150 mL/L ethanol for 15 min
provoked detachment of the cells from each other
(Figure 1). The damage of the actin filaments was severe,
and in some microscopic fields only shadows of cells and
nuclei remained visible.
In control cultures, the zonula adherens-associated actin
bundles were normally seen as continuous belt-like accumulations between the cells, and the actin belts of adjacent
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cells could not be distinguished from each other. Exposure
to 10 mL/L ethanol caused actin belts of adjacent cells to diverge
from each other and the gap between them was widened with
increasing ethanol concentrations (20-50 mL/L, Figure 2).
Treatment with allopurinol (2 mmol/L), which acts as an
inhibitor of xanthine oxidase and inhibits production of
intracellular reactive oxidative species, prevented completely
the divergence of actin belts in cells exposed to 10 mL/L
ethanol and partially in cells exposed to 20 mL/L ethanol,
but not in cells exposed to 50 mL/L ethanol.
In control cultures, vinculin was visible at the focal
adhesions as well as in the zonula adherens between the
adjacent cells. The zonula adherens-associated vinculin of
adjacent cells could not be distinguished. Exposure to
10-20 mL/L ethanol did not change the distribution of
vinculin, but 50 mL/L ethanol exposure caused degradation
and divergence of zonula adherens-associated vinculin
staining. Allopurinol treatment moderately attenuated this
change (Figure 3).
Exposure to 10 mL/L ethanol decreased the rate of
migration during the first six hours after wounding (27±3
and 17±2 µm/h for control and ethanol experiments,
respectively; P<0.001, n = 20, Figure 4). This decrease in

Control

1% ETOH

1 mmol/L ASA

1 mmol/L TC

5% ETOH

5 mmol/L ASA

5 mmol/L TC

10% ETOH

10 mmol/L ASA

10 mmol/L TC

15% ETOH

20 mmol/L ASA

Figure 1 Effects of different doses of ethanol (ETOH), acetylsalicylic acid (ASA)

Number 26

and taurocholate (TC) on actin filaments of RGM rat gastric surface epithelial cells.
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Control

Control+Allo.

1% ETOH

1% ETOH+Allo.

2% ETOH

2% ETOH+Allo.

5% ETOH

5% ETOH+Allo.

1 mmol/L ASA

1 mmol/L ASA+Allo.

5 mmol/L ASA

5 mmol/L ASA+Allo.

10 mmol/L ASA

10 mmol/L ASA+Allo.

1 mmol/L TC

1 mmol/L TC+Allo.

5 mmol/L TC

5 mmol/L TC+Allo.

10 mmol/L TC

10 mmol/L TC+Allo.

Figure 2 Effects of different doses of ethanol (ETOH), acetylsalicylic acid (ASA)
and taurocholate (TC) on the zonula adherens-associated belt-like actin bundles

in RGM cells and their modulation by allopurinol (2 mmol/L) treatment. Arrows
indicate perturbations in the actin belt organization.

migration was partially abolished by allopurinol pretreatment
(17±2 and 23±2 µm/h for ethanol and ethanol+allopurinol
experiments, respectively; P = 0.025, n = 20). Allopurinol
treatment alone had no effect on the rate of migration
(27±3 and 27±2 µm/h for control and allopurinol experiments,
respectively). The migration distances are shown in Figure 4.
With higher ethanol concentrations the rate of migration

was further decreased (to 7±3 µm/h with 30 mL/L ethanol)
and even numerically reversed (to -17±13 µm/h with
50 mL/L ethanol), indicating enlarging of the wound, possibly
due to a direct toxic effect of ethanol and/or to overall cell
shrinkage in the monolayer caused by ethanol. At these
higher concentrations of ethanol (30-50 mL/L) allopurinol
did not prevent the ethanol promoted decrease in migration.
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Figure 3 Effects of different doses of ethanol (ETOH), acetylsalicylic acid (ASA)
and taurocholate (TC) on vinculin distribution in RGM cells and their modulation

by allopurinol (2 mmol/L) treatment. Arrows indicate perturbations in vinculin
organization.

Acetylsalicylic acid (ASA)
After 15 min exposure to 1 mmol/L ASA, the actin filaments
were contracted and became shorter and thicker, but no
signs of cell detachment from each other were visible. However,
with higher concentrations of ASA (10 and 20 mmol/L)
the microfilaments became thinner and longer again, but
failed to resume their original size and shape. Increasing
ASA concentration to 20 mmol/L detached the cells partially
from each other, which was manifested also as a divergence
of the zonula adherens-associated actin bundles of adjacent
cells (Figure 1). Also degradation of the actin filaments was
visible.
Exposure to 1-5 mmol/L ASA had no effect on the
zonula adherens-associated belt-like actin bundles. Exposure
to 10 mmol/L ASA moderately distorted these actin belts and
this was not prevented with allopurinol treatment (Figure 2).

Exposure to 1-10 mmol/L ASA had no effect on vinculin
distribution (Figure 3). Likewise, exposure to 1-5 mmol/L
ASA had no effect on the rate of migration, but exposure
to 10 mmol/L ASA retarded migration after wounding from
16.8±0.5 to 13.7±1.2 µm/h ( P = 0.008, n = 6).
Taurocholate
Following exposure to low concentrations of taurocholate
(1 and 5 mmol/L) the actin filaments were contracted,
becoming shorter and thicker than in controls. These effects
became more conspicuous with increasing concentrations
of taurocholate (Figure 1). In fact, taurocholate caused
similar changes as was seen with low concentrations of
ASA, but the alterations were of lesser degree. Exposure to
1-5 mmol/L taurocholate did not cause any change in the
zonula adherens-associated actin bundles, but 10 mmol/L

Migrated distance
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Figure 4 Effect of ethanol on cellular migration distance, with and without
allopurinol treatment. Ethanol significantly reduced the migrated distance.
Allopurinol partially abolished the ethanol promoted inhibition of cell migration.

taurocholate showed a moderate perturbation of these belts,
which was not prevented by allopurinol treatment (Figure 2).
Exposure to taurocholate (1-10 mmol/L) had no effect on
vinculin distribution (Figure 3).
Exposure to 1 mmol/L taurocholate had no effect on
the rate of migration after wounding, but 5-20 mmol/L
taurocholate retarded migration dose dependently
(migration speed 16.8±0.6, 14.5±0.8 (P = 0.01), 12.7±0.4
(P<0.001) and 1.6±0.8 (P<0.001) µm/h for 0 mmol/L
(control), 5, 10 and 20 mmol/L taurocholate, respectively;
P values are given in comparison with control, n = 6).

DISCUSSION
The gastric mucosa is normally exposed to a large number
of ulcerogenic compounds, including ethanol, ASA (aspirin)
and bile salts. The effects of these agents on cell cytoskeleton
have not been thoroughly studied. In the healing of superficial
gastric mucosal lesions, intact actin cytoskeleton is essential
for cell migration and survival. The normal wound healing
process in gastric mucosa is initiated by epithelial restitution
whereby the surviving epithelial cells around wound edge
migrate over the injured area to cover it with a flattened
neo-epithelium. The migrating cells form lamellipodia and
vinculin, RhoA and Rac are strongly expressed along the
wound edge[19]. Ulcerogenic agents can profoundly modulate
this healing process.
Ethanol promotes narrowing of lamellipodia as well as
retards cell migration and inhibits cellular proliferation after
wounding in rabbit gastric mucosa[20,21]. Exposure to 50100 mL/L ethanol causes extensive disorganization and
fragmentation of the actin cytoskeleton leading to its
complete collapse in an intestinal epithelial cell line[22,23]. We
have previously shown that 50 mL/L luminal ethanol causes
the opening of basolateral potassium channels leading to
cell volume shrinkage[24]. In the present work we demonstrated
that the same concentration of ethanol affects also various
components of the cytoskeleton. The changes in the structure
and arrangement of the cytoskeleton are in line with cell
shrinkage and the consequent increase in the gaps between
the cells. Since an intact cytoskeleton is of utmost importance
for the epithelial integrity and function, these minor changes
may be the first manifestations of the ethanol-induced damage
to the epithelial cells. At 100 mL/L ethanol concentration,
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there was an extensive distortion of the actin cytoskeletal
network, and even stronger ethanol (150 mL/L) caused
severe damage to the cells with complete degradation of all
actin filaments.
The zonula adherens-associated belt-like actin bundles
of adjacent cells were diverged from each other already
during exposure to a rather low (10 mL/L) concentration
of ethanol. This divergence was prevented with 2 mmol/L
allopurinol treatment. Allopurinol is a cell membrane
permeable xanthine oxidase inhibitor, which blocks endogenous
intracellular enzymatic generation of superoxide radicals
from purines. This suggests that superoxide radicals are
involved in ethanol induced divergence of the actin belts.
Ethanol also perturbed the distribution of the zonula adherens
junction-associated protein, vinculin, but only after exposure
to 50 mL/L ethanol. Further, this change was moderately
opposed by allopurinol treatment. The damage in zonula
adherens-associated vinculin became apparent only with
higher ethanol concentrations than was needed for changes
in zonula adherens-associated actin bundles, which suggests
that the changes in the actin belts might precede the zonula
adherens junction damage. Allopurinol also opposed the
ethanol provoked decrease in cell migration after artificial
monolayer wounding, a further indication of the involvement
of superoxide radicals in ethanol induced cytoskeletal
damage.
The above findings suggest that oxidative stress might
underlie the observed ethanol induced changes in actin
cytoskeleton. Epithelial cells exposed to ethanol increase
superoxide production[25] and superoxide dismutase activity
is decreased in rat stomach exposed to pure ethanol[26]. Also,
oxidative stress and mitochondrial damage precede death
in gastric mucosal cells exposed to ethanol[15]. The number
of propidium iodide positive cells, indicating loss of cell
viability, was increased following exposure to 50 mL/L
ethanol and ethanol caused mitochondrial cell membrane
depolarization and mitochondrial permeability transition,
indicating mitochondrial dysfunction[15].
It has been suggested, that NSAIDs, including ASA,
damage gastrointestinal tract both by direct local effects
and by systemic inhibition of prostaglandin synthesis.
Davenport first demonstrated that ASA diffuses into the
gastric mucosa as an undissociated molecule leading to
disruption of the gastric mucosal barrier and backdiffusion
of luminal acid into the mucosa, which, in turn, leads,
presumably via generation of an inflammatory cascade, to
break-down of the mucosal tissue[27]. Although prostaglandins
contribute to cell migration in several cell types[28,29], addition
of exogenous prostaglandins or inhibition of endogenous
prostaglandin synthesis had no effect on gastric epithelial
cell migration[18]. On the other hand, NSAIDs may directly
retard cell migration and decrease actin staining in gastric
epithelial cell (RGM1) monolayer[30].
The present results with ASA are well in accordance
with our earlier finding that ASA causes major cell shape
deformations in Necturus gastric antrum (unpublished results).
The shrinkage of actin cytoskeleton probably contributes to
cell-cell detachment, which was shown to occur at higher ASA
concentrations. ASA decreased migration at 10 mmol/L
concentration and degradation of actin filaments was visible
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at 20 mmol/L ASA concentration. Zonula adherensassociated actin bundles were moderately damaged with
10 mmol/L ASA and this was not affected by allopurinol
treatment, suggesting a mechanism different from ethanolinduced divergence of these actin bundles.
To our knowledge there is very little information about
the actions of ASA on cellular actin cytoskeleton in the
gastric epithelium. Electrophysiological measurements have
shown that there is a slight initial increase in transepithelial
resistance following exposure to 10 mmol/L ASA (at pH
3), which is, however, due to increase in apical cell membrane
resistance. However, during more prolonged exposure to
ASA the transepithelial resistance decreased, which might
be a consequence of tight junction disruption, widening of
intercellular space and/or loosening of cell-cell adhesions[31].
The changes in the zonula adherens-associated actin bundles
observed in the present study might contribute to the
previously observed decrease in transepithelial resistance.
In earlier studies bile salts have been shown to retard
wound restitution and repair in cultured rabbit gastric
epithelial cells[32]. In the present study, taurocholate caused
similar effects in cell migration reducing it dose dependently
in concentrations of 5 mmol/L and higher. The mechanism
of taurocholate induced decrease in migration speed is still
unclear, but bile salts are known to increase intracellular
calcium levels[33,34] and this might have an effect on cellular
migration.
Taurocholate is known to interact with cell membranes
and as a lipophilic compound it may diffuse into the cell membranes increasing its permeability to extracellular agents[35].
Taurocholate may also act as a detergent dissolving cell
membrane phospholipids eventually breaking up the cell
membrane[36]. Apical cell membrane resistance was decreased
significantly with 10 mmol/L taurocholate in Necturus
antrum[31], suggesting that cell membranes may be the main
target in taurocholate induced cellular damage. Zonula
adherens associated actin bundles were moderately damaged
with 10 mmol/L taurocholate, but this was not affected by
allopurinol treatment suggesting, again, a mechanism
different from ethanol induced damage. Previously, it has been
shown that bile salts induce depolarization of mitochondrial
membrane potential, which might be due to disturbed
oxidative phosphorylation in mitochondria[37]. In the present
study, the possible oxidative damage was not prevented with
allopurinol exposure, suggesting that xanthine oxidase is not
involved in taurocholate-induced cellular injury.
In conclusion, our results show that deformations of
the actin cytoskeleton are involved in the epithelial cell
damage caused by the three ulcerogenic agents tested.
Reactive oxidative species seems to underlie ethanol, but
not ASA or taurocholate, induced cytoskeletal damage.
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Abstract
AIM: Irritable bowel syndrome (IBS) is a common disorder
and many patients fail to find adequate relief from conventional
therapies for their symptoms. This study tests the claim that
acupuncture is effective for a majority of these patients.
METHODS: A prospective, blinded, sham acupuncturecontrolled trial of traditional Chinese acupuncture was
performed at a single postgraduate teaching hospital in
Europe. Sixty patients with well-established IBS were
recruited. The blinded comparator was sham acupuncture
administered by the second of two acupuncturists who
alone was aware of the randomization, and who otherwise
followed the prescription of the first. The primary endpoint was a defined fall in the symptom score at 13 wk
(by intention to treat). The prior expectation was a 30%
placebo response, and a response rate of 70% from
acupuncture, for which the study was adequately powered.
RESULTS: Patients in treated and sham groups improved
significantly during the study-mean improvement in scores
being equal (minus 1.9) and significant for both (P<0.05;
one-tailed t test). There was a small numeric but nonsignificant difference between the response rate in patients
receiving acupuncture (40.7%) and sham treatment
(31.2%). Several secondary end-points marginally favored
active treatment, but an improved symptom score of any
degree of magnitude occurred more often with sham
therapy (65.6% vs 59.2%). For no criterion was statistical
significance approached.
CONCLUSION: Traditional Chinese acupuncture is
relatively ineffective in IBS in the European hospital setting,
and the magnitude of any effect appears insufficient to
warrant investment in acupuncture services.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Acupuncture has been utilized for a variety of conditions,
by up to 19% of the European population, and with as
many as 12 million treatments per year in the USA [1] .
Gastrointestinal problems are addressed[2], and in addition
to publications in the traditional Chinese medicine (TCM)
literature there has been support in more mainstream
journals[3,4]. Not all reviewers have been so positive however[5].
Irritable bowel syndrome (IBS) is common, and many
patients fail to find adequate relief from conventional
therapies. It is claimed that acupuncture is effective for a
majority of patients with IBS, but there are few data to
support this. Case reports do not adequately address the
large placebo response in this condition, the often substantial
inter-subject variability in response, nor the differing systems
of nomenclature in acupuncture. The US NIH consensus
did not include IBS amongst 12 conditions for which it
found evidence favoring acupuncture[4]. The only paper
specific to acupuncture in IBS that we have found is a pilot
study of seven patients, which recorded improvements in
bloating and general well-being[6]. A complex Austrian study
in which acupuncture or sham acupuncture (inter alia) was
used for irritable colon demonstrated benefit at 1 mo
(43.7% vs 26.7% relief; P<0.01)[7]. However, the definition
of response, the nature of the randomization, and the
mechanism of blinding are unclear. Evidence in favor of
acupuncture for IBS cannot be considered definite.
Previous attempts to assess the placebo response in
acupuncture therapy have been criticized. Orthodox clinicianscientists object to poor blinding, while acupuncturists argue
that attempts to blind therapy negate the diagnostic and
therapeutic process, and confound the individualization of
the chosen regime necessary for the TCM paradigm. The
present study addresses a single hypothesis and tackles the
issues of methodology in a novel and creative fashion.
MA
TERIALS AND METHODS
MATERIALS
Patients and consent
Patients were selected by personal approach in the St Mark’s
Hospital clinics. Eligibility required a confident clinical
diagnosis of IBS and age of over 16 years. Patients were to
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satisfy the Rome criteria[8] and the Manning criteria[9]. The
Rome II criteria[10] became available during the study; their
fulfillment was noted but not required. Patients were to
have had symptoms for at least 3 mo and to have failed to
respond to standard therapies including: increased dietary
fiber, reduction of lactose-containing foods, antispasmodics,
simple laxatives (in those with predominant constipation),
and opioids (in those with predominant diarrhea). Other
physical disease was required to be absent or inactive. Formal
psychiatric disease was an exclusion criterion. Patients were
not permitted to use psychotropic drugs during the study
period unless these had been commenced at least 3 mo
before recruitment and were maintained at static dose
throughout. Potentially fertile women were required to use
effective contraception.
Normality of routine hematology, renal, hepatic and
thyroid biochemistry, and of inflammatory markers was
required. All subjects had a normal sigmoidoscopic
examination within 3 mo of entry. Those over 40 years of
age were required to have had colonoscopy, or flexible
sigmoidoscopy and barium enema within 2 years of entry.
All were given an information leaflet and were required to
provide written informed consent.
Study methodology
The study was a double blind, sham-controlled trial of TCM
acupuncture therapy. Two acupuncturists, fully trained in
traditional Chinese acupuncture and accredited to the British
Acupuncture Council, were responsible for the active and
sham interventions. Recruited patients were allocated
according to computer-generated random numbers concealed
in sealed envelopes. Ten treatments were administered, at
approximately 1-wk intervals.
Technical aspects of active and sham acupuncture
The first acupuncturist was the “diagnosing acupuncturist”
(DA), whom the patient saw for the initial consultation, and
before and after each treatment. A full case history was
taken by the DA, together with tongue and pulse examination,
to arrive at an individual diagnosis in accordance with the
principles of TCM, with an additional lesser emphasis on
Five Element Acupuncture[11-14]. Although all patients in the
study had IBS, this corresponded to a wide range of TCM
patterns, making individual diagnosis essential. Dietary and
lifestyle advice (important in treatment according to TCM
principles) was given to all patients by the DA, who then
selected acupuncture points.
The second “treating acupuncturist” (TA) opened the
randomization envelope, and for the duration of the study
remained the only individual aware of treatment allocation.
The TA carried out the treatment-either according to
instructions issued by the DA or using sham points, depending
on the randomization.
In TCM meridian-based acupuncture the aim is to
manipulate or remove blocking of the “Qi”. A variety of
needling techniques is necessary, both to achieve requisite
‘deqi’ or ‘needling sensation’, and, subsequently, a range of
therapeutic effects. Eight to sixteen needles were inserted
at 4-8 specified acupuncture sites, bilaterally, in each session.
Needles were left in place momentarily, or for up to 25 min,

4041

depending on the desired effect. For active patients the TA
implemented the instructions of the DA, including the needle
technique, and the length of time of their retention.
‘Sham’ acupuncture points were chosen from three
different areas on the body (the anterior thigh distally, the
posterior thigh, and the lateral aspect of the lower back),
which do not correspond to recognized acupuncture points
and are deemed to have no therapeutic value. These were
varied to some degree each week as in genuine treatment,
including variation in needle technique and length of time
of retention. No deqi needling sensation was sought or
obtained at sham points.
Sterile single-use ‘Carbo’ brand needles were used (mostly
0.22 mm×25 mm, some 0.25 mm×40 mm). Insertion may
be uncomfortable but is not normally painful (less discomfort
than venepuncture). Needles were generally well tolerated,
and were gently stimulated, as required, by the acupuncturist
during treatment.
Moxibustion (therapeutic burning of the herb Artemisia
vulgaris) is integral to the practice of traditional Chinese
acupuncture, but was not used during the study, although
there were a number of patients for whom it was considered
indicated. This reflected hospital fire regulations and added
difficulties with blinding.
The DA re-examined the patients’ pulses at the end of
every session, as pulse changes during treatment are considered
important indicators of efficacy. On the basis of these,
and the verbal, pulse and tongue feedback at the start of
the next session, the DA varied the emphasis on different
treatment principles and the choice of acupuncture points
prescribed for the next treatment.
Outcome measures and data analysis
Patients completed weekly symptom diaries, supplemented
by psychological and quality of life scales at entry and at
12th wk (or prior exit). Therapeutic effects were judged from
the diaries and questionnaires, and by physician assessment.
The symptom diary is based on the Bristol scale[15] and has
been previously validated[16]. It employs eight Likert scales
relating to abdominal symptomatology and their interference
with activities (Appendix), and permits the compilation of
a numerical (non-linear) global “symptom score” between
0 and 30. Patients also completed the Hospital Anxiety and
Depression (HAD) scale[17], and the EuroQol[18] quality of
life questionnaire.
The principal outcome measure was a change in the
symptom score. A reduction of four is considered indicative
of a clinically useful response, and was expected from sham
or placebo therapy in approximately 30% of eligible patients.
Acupuncturists expect to obtain a useful response in around
70% of patients with IBS (informal enquiries of several
practitioners), with the proviso that limitations imposed by
the experimental protocol might reduce this a little.
Secondary outcome measures included assessment by
one of the blinded investigators at the end of the study
period, which made a simple categorization of patient status
as “improved”, “unchanged” or “worse”. Secondary outcomes
also included changes on the HAD and EuroQol instruments.
As the principal objective is to reduce symptomatology
and to improve quality of life, the patients’ perceptions of
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these are the outcomes of critical interest to them. The
end-points recorded are comparable to those utilized in
respected studies of this condition.
Statistical calculations for 60 subjects provided for a
study with 60% power to demonstrate a 30% numerical
(not relative) difference between the two groups, if a placebo
response of 30% is assumed. Results were analyzed by
intention to treat.
Apart from the hospital notes all data were retained
anonymously. The study complied with the requirements
of the Declaration of Helsinki (1996 modification), the
British Data Protection Act (1984), the International
Conference on Harmonization Tripartite Guideline for
Good Clinical Practice, and had approval from the Harrow
Research Ethics Committee.
Patients
Sixty patients (40 female) were recruited; one female withdrew
after recruitment but before randomization. Results are
therefore recorded for 59 individuals (Table 1). Twentyeight patients were allocated to acupuncturist A as the DA
and to acupuncturist B as the TA, with the converse in the
other 31. There was a good balancing of the two groups:
for no parameter was there a statistically significant
difference at study entry (Table 1).
Role of sponsors: None in either design of the study or
in the writing of the report.

Table 1 Patient characteristics at study entry
Acupuncture group

Sham group

Number
Number female

27
16

32
23

Mean age (yr)
Age range (yr)

43.0
19–67

44.4
17–79

Predominant symptom
Pain

11

10

7
7

11
9

Bloating
Diarrhea
Constipation
Mean symptom score

2
13.5

2
13.1

Mean anxiety score (HAD)
Mean depression score (HAD)

10.2
5.8

11.2
6.8

Mean EuroQol LAS score (%)

59

64

30

30

25

25

20
15
10
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20
15
10
5

5

0

0
Acupuncture: 0-13 wk
Figure 1 Change in the global symptom score from entry to 13 wk. The upper
panel shows the individual values for the actively treated patients and the lower
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RESUL
TS
RESULTS
The mean global symptom score in the acupuncture-treated
patients fell from 13.5±4.51 to 11.6±5.13, and in the sham
group from 13.1±4.30 to 11.2±4.17 (P<0.05 for one-tailed
t test for the improvements in both study groups) (Figure 1).
A reduction in symptom score was observed in 16
acupuncture subjects (59.2%), and by at least four points in
11 (40.7%). The equivalent figures for the sham group were
21 (65.6%) and 10 (31.2%). The differences between sham
and actively treated groups did not approach statistical
significance.
The blinded clinician considered 13 of the acupuncture
group (48.1%) improved, compared to 10 of the sham
group (31.2%) (NS). These were predominantly the same
patients who considered themselves improved (reduction
in symptom score of four or more). Similar proportions in
the two groups were considered to have deteriorated or
had withdrawn (18.5% vs 21.9%; NS).
For those with pain predominance at enrollment the
median score of 13 remained at 13 in the actively treated
group, and fell from 15 to 10 in the sham group; for bloating
the equivalent figures were 14 to 9, and 14 to 11; for diarrhea
11 to 8 compared to 11 to 10.5; and for constipation 16 to
15 vs 11 to 8.
There were no significant differences between the HAD
scores for the sham and active groups, but a slightly higher
proportion of the sham-treated group had anxiety scores in
the “probable” ( 12) range (47% vs 41%). The response
rate (drop of 4 symptom points) was 27% in the subset
of anxious patients receiving sham treatment and 54% in
those on active therapy (NS).
The EuroQol score rose slightly (improvement) in the
actively treated (59.4-64.6%) and the sham treated (64.665.6%); neither change was significant. There was no
correlation between initial EuroQol score and the likelihood
of a response.
Acupuncturist A (as TA) treated 31 patients, of whom
19 were allocated to sham therapy. Their mean score of
13.6±4.84 fell to 12.3±4.56; the score fell by 4 in 7
(36.8%). In the 12 patients who received active acupuncture
the mean score fell from 14.3±4.68 to 11.6±6.69, with a
fall of 4 in 6 (50%). Acupuncturist B (as TA) treated 28
patients of whom 13 were allocated to sham; the score fell
by 4 in 3 (23.1%) of these. In the 15 patients randomized

Symptom score

Symptom score

HAD = hospital anxiety and depression scale. LAS = linear analog scale.
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panel those for sham-treated patients.
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to active acupuncture a “qualifying” fall in score occurred
in 5 (33.3%). Overall 41.9% of patients “diagnosed” by
acupuncturist B and “treated” by acupuncturist A responded
with a qualifying fall in score, compared to 28.6% of those
with the acupuncturists filling the alternative roles (NS).
Adverse events and non-completing patients
No direct adverse events were elicited. One patient was
commenced on antidepressants after psychiatric consultation,
and another on beta-blockers for anxiety. Six other patients
failed to complete the study period. Of these eight withdrawals,
five belonged to the acupuncture group and three to sham.
These patients have been included in the above analyses by
intention to treat. If the principal outcome measure is
applied only to those completing the intended therapy the
results are unchanged: the mean symptom score at
completion of the acupuncture course was 11.4 compared
to 10.9 in the sham group (NS).

DISCUSSION
As expected there was a response to TCM acupuncture
and to sham treatment. The number of responding patients
in the sham group and the magnitude of the responses
were in line with our prior expectations (31.2% good
responders compared to an anticipated 30% placebo
response). The study group is therefore likely to be generally
representative. Formal acupuncture failed to elicit significant
advantage (40.7% responders). There were several areas in
which numeric advantage lay with acupuncture, including
the clinician’s assessment and the proportion achieving at
least a four point reduction in symptom score, but sham therapy
had the numeric advantage if responses of any degree of
magnitude are included (65.6% vs 59.2%). There was no
obvious trend according to predominant symptom at study
entry, but initial anxiety possibly predicts a better response.
The inference that TCM acupuncture is of very limited
value in IBS is supported by the absence of positive data in
the literature, its absence from the conclusions of the NIH
consensus[4], and from a small study which showed no effect
on colonic motility in constipation[19]. We are confident that
our sham technique was performed with retention of
complete blinding of the DA, the gastroenterologist and
the patient. This necessarily unblinded nature of the treating
acupuncturist clearly had important effects on the two
practitioners concerned, who felt uncomfortable “deliberately
denying” the patient, a therapy in which they had confidence.
It is possible that this proved a confounding factor. The
close similarity of the outcome from sham therapy to that
expected from placebo suggests that neither positive nor
negative effects predominate. In consequence, it is not clear
that anything would have been gained by the use of sham
needles, as has been advocated[20], since while this strategy
has the potential to conceal sham administration from the
TA it may unblind the patient. It is acknowledged that the
use of sham needling probably elicits important physiological
effects (such as increased endorphin activation), but the
absence of an obvious difference in response rate in our
sham group from that anticipated from “other” placebos
indicates that the effect is not one of lasting clinical consequence.
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The combination of acupuncturist B as diagnostician
with acupuncturist A as acupuncturist appeared “better”
than the converse. This was probably a direct consequence
of the individualization of therapy (by the TA as well as
that planned by the DA), but represents a post hoc and
non-significant observation. We deliberately chose to permit
both acupuncturists to engage in therapy so as to increase
the generalizability of the study, hence avoiding results
dependent on the consequences of a unique pairing of
practitioners.
The outcome may have included systematic bias against
acupuncture. The specific dietary and lifestyle advice
considered important to TCM was given to all patients
regardless of randomization. It is unlikely that this was a
major influence as the sham response was closely similar to
that expected for placebo. The proscription of moxibustion
would be expected to have placed the actively treated group
at a disadvantage compared to those treated outside the
study context. However, this technique cannot easily be a
practical proposition in health service premises in which
fire regulations and the presence of smoke detectors are
ubiquitous. The third factor potentially disadvantageous to
acupuncture therapy was the impossibility of completely
individualized therapy in a formal trial, and perhaps adverse
influences from other constraints of the hospital environment.
This drawback was considered carefully during the devising
of the study and felt to be an acceptable compromise
between Western scientific method and traditional Chinese
practice. The possibility that simplified acupuncture as
delivered by Western-medicine-trained acupuncturists might
have given a different result is intriguing and may warrant
further study.
The study was underpowered to demonstrate a small benefit,
but it was of sufficient size to confirm the large difference
that was anticipated. If such an effect has been missed by the
present study it is our opinion that it is of insufficient clinical
relevance to justify de novo investment in provision of
acupuncture services to hospital patients with IBS.
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Abstract
AIM: To investigate the effects of adeno-associated virus
(AAV) mediated expression of human interferon-γ for gene
therapy in experimental hepatic fibrosis in vitro and in vivo.
METHODS: We constructed the recombinant AAV
encoding human INF-γ (rAAV- INF-γ) and took the primary
rat hepatic stellate cells and carbon tetrachloride induced
rats as the experimental hepatic fibrosis model in vitro
and in vivo. Immunocytochemistry analysis was used to
reveal the expression of α-SMA, the marker protein
expressed in hepatic stellate cells. The mRNA expression
of TGF-β, TIMP-1, and MMP-13 were analyzed by RT-PCR
method. In vivo study, the hydroxyproline content in liver
and serum AST, ALT were also detected.
RESULTS: In vitro study, AAV vector could mediated
efficient expression of human INF-γ, which inhibit the
activation of hepatic stellate cells, decrease the expression
of α-SMA and mRNA of TIMP-1, TGF-β, with the MMP-13
unchanged. In vivo study, the histological examination
revealed that rAAV- INF-γ could inhibit the progression
of the hepatic fibrosis. In the rAAV-INF-γ induced group,
the hydroxyproline content and serum AST, ALT level
were decreased to 177±28 µg/g wet liver, 668.5±140.0,
458.4±123.5 U/L, compare with the fibrosis control group
236±31 µg/g wet liver, 1 019.1±276.3, 770.5±154.3 U/L,
respectively (P<0.01). mRNA expression of TIMP-1 in the
rAAV-INF-γ induced rat liver was decreased while no
significant change was observed in TGF-β and MMP-13.
CONCLUSION: All these results indicated that rAAV-INF-γ
has potential effects for gene therapy of hepatic fibrosis,
which could inhibit the progression of hepatic fibrosis.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Liver fibrosis is a very common disease in China and other
countries, it is a wound-healing response to chronic liver
injury, results from viral hepatitis, ethanol and drug abuse,
which if persistent can lead to cirrhosis or liver failure. The
main feature of the fibrosis is the increased deposition of
extracellular matrix (ECM) caused by activated hepatic
stellate cells (HSCs, Ito cells or fat-storing cells)[1,2].
In normal liver, HSCs undergo the quiescent state,
contain retinoid lipid droplets and synthesize low levels of
matrix proteins. But, as a result of liver injury, HSCs are in the
process of activation, proliferate and transform to myofibroblast
like cells. Activated HSCs are characterized by loss of retinoid,
appearance of α-smooth muscle actin (α-SMA) and
procollagen I, III, which are known to be the primary source
of excess ECM deposited in liver fibrosis[3-5]. Meanwhile,
the balance between generation and degradation of ECM
is broken, cytokines and proteases secreted by hepatocytes,
Kupffer cells and leukocytes make up a complicated pathways
enhance the activation of HSCs[6,7]. Some growth factors
such as transforming growth factor-β (TGF-β) is enhanced
in both availability and activity, stimulate the transcription
of procollagen, fibronectin and other ECM genes. Also
effect of the matrix metalloproteinase (MMP-13), the key
enzyme in the degradation of ECM, is decreased by over
expression of its inhibitor, the tissue inhibitors of matrix
metalloproteinase (TIMP-1). Furthermore, the accumulation
of ECM in turn increase not only the number of HSCs but
also their capacity to synthesiz the matrix proteins, which
ultimately results in cirrhosis[1,3,5].
The interferons (INFs) are a family of cytokines with
several crucial biological functions, such as antiviral and
immunomodulatory activities, which have first been used in
the treatment of chronic hepatitis. Among the INFs, INF-α
and INF-β (INF type I) are widely used to treat hepatitis C
virus (HCV) infection in clinics, whereas INF-γ (INF type
II) has a 10-100 fold lower specific antiviral activity than
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INF type I, but 100-10 000 times more immunomodulatory
activities[8,9]. Recently, more and more studies have shown
that INF-γ could inhibit the proliferation and activation of
HSCs, thus prevent the production of ECM and decrease
the expression of procollagen and other cytokines [10-12].
However the serum elimination half-life of INF-γ is only
2-3 h[12]. To make the therapeutic concentration in target
organ, administration of INF-γ through a subcutaneous route
may results in a much higher level of INF-γ in the serum,
which could cause the adverse effects of flu-like symptoms,
leucopoenia and mental depression[13].
Therefore, vector mediated local INF-γ expression in
the liver could expand the clinical use of INF-γ in hepatic
fibrosis. In this study, the AAV was introduced as the delivery
vector for gene therapy. AAV is a number of small single
stranded DNA viruses of the genus Dependovirus in the
Parvoviridae family. Not only is AAV non-pathogenic and
of minimal immune responses, but it could also infect both
dividing and terminally-differentiated cells with high efficiency,
expressing the transgene for at least 6 mo. Moreover it has
a broad range of host cells and tissues[14-18]. We constructed
the recombinant AAV coding human INF-γ and examined
its potential effects for gene therapy of hepatic fibrosis in
vitro and in vivo.

MA
TERIALS AND METHODS
MATERIALS
Generation of recombinant AAV virion
The plasmid of AAV vector, rAAV-eGFP and packaging
helper plasmids pAd, pAAD are kindly provided by Prof
Rui-An Xu (University of Hong Kong, Genome Research
Center). The recombinant plasmid rAAV-INF-γ contains a
hybrid of the cytomegalovirus immediate-early enhancer
and the chicken β-actin/rabbit β-globin promoter (CAG),
inserted with the reporter gene, a 511bp EcoRI/XhoI
fragment of complementary DNA (cDNA) encoding fulllength human INF-γ. Also the woodchuck hepatitis B virus
post-transcriptional regulatory element is inserted to boost
expression levers (Figure 1).
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calcium phosphate precipitate. The cells were harvested
60 h after transfection and lysed by incubating with 5 g/L
deoxycholate in the presence of 50 U/mL benzonase (Sigma,
St. Louis, MO, USA), then isolated the recombinant AAV
particles by using heparin affinity column chromatography
(Amersham, HiTrap). The titles of the rAAV-INF-γ and
rAAV-eGFP preparations were determined by AAV Titration
ELISA kit (Progen). The virions were stored at -80 before
experimental use.
Primary cell culture of rat HSCs
Primary rat HSCs were extracted from Sprague-Dawley rat
(450-550 g, Animal Center of China Pharmaceutical University,
Nanjing, China) liver by sequential in situ perfusion with
collagenase and pronase followed by density gradient
centrifugation and then cultured in 20% FBS DMEM,
maintained in a humidified 50 mL/L CO 2 incubator at
37 [19,20] . Experiments described in this study were
performed on HSCs between the second and ninth serial
passages with highly activated cells as tested. HSCs were
cultured in 10 cm culture plates at a density of 2×104 cells/cm2.
After changing the medium, HSCs were maintained in
presence or absence of rAAV-INF-γ and rAAV-eGFP at
5×104 v.g./cell for 72 h, meanwhile collect the medium every
12 h to analysis the expression of human INF-γ by ELISA.
Then HSCs were in preparation for RNA isolation and
immunocytochemistry analysis.
ELISA assay of INF-γ
We used the ELISA kit (R&D systems) to quantitative
determine the expression of human INF-γ in the cell
culture supernatant. The antibody specific for human
INF-γ has been pre-coated onto a microplate. Pipette the
samples into the wells, any present INF-γ was bound by
the immobilized antibody. Then washed away the unbound
substances, an enzyme-liked antibody was added to the wells.
After washing any unbound antibody-enzyme reagent, a
substrate solution was added to the wells and color developed
in proportion to the amount of INF-γ bound in the initial
step. Finally, stop the reaction and determined the optical
density of each well at 540 or 570 nm within 30 min.

ITRs
CAG promoter
XhoI
AMP

AAV-INF-γ
6 069 bp

hINF-γ

WPRE

EcoRI

BGH polyA
ITRs
Figure 1 Structure of recombinant plasmid AAV-INF-γ. Human INF-γ cDNA
obtained from RT-PCR was cloned into AAV plasmid, which contains a CAG
promoter, WPRE enhancer and BGH polyA.

To generate the rAAV virions, we cotransfect the recombinant plasmid AAV-INF-γ or AAV-eGFP and two packaging
helper plasmids into HEK 293 cells (ATCC CRL 1573) by

Immunocytochemistry
HSCs were washed with PBS and fixed in the slides with
40 g/L phosphate buffered paraformaldehyde (PFA) at 4
for 20 min. Then eliminated endogenous peroxidase activity
by adding 30 mL/L H2O2 in PBS at room temperature for
30 min to permeabilized and blocked with goat serum
blocking solution at room temperature for 1 h. After
blocking, cells were incubated with primary antibody, antiovernight.
α-SMA (diluted 1:200 in PBS, Sigma) at 4
Washed the slides thrice in PBS, incubated the cells with
secondary antibody biotinylated anti-mouse IgG from goat
for 30 min, washed five times and added the solution of
avidin-biotin peroxidase. Incubating for 30 min, the cells
were then stained with DAB (3,3’-diaminobenzidine
tetrahydrochloride, Sigma) peroxidase substrate solutionbrown and counterstained with hematoxylin (Sigma). Finally,
dehydrate the slides, clear in xylene and coverslip with
permanent mounting medium.
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RNA extraction and RT-PCR
Total RNA was extracted from HSCs and snap-frozen liver
tissue using TRIzol Reagent (Gibco BRL) according to the
method of Chomczynski and Sacchi[21]. Then 4 µg RNA of
each sample was used for cDNA synthesis using a RevertAid
First Strand cDNA Synthesis Kit (Fermentas). The amplification was carried out with 1 µL of synthesized cDNA in
a 50 µL PCR mixture containing 20 pmol of a primer pair,
1.5 mmol/L MgCl 2, 0.2 mmol/L dNTPs and 1 U of
recombinant Taq DNA polymerase. In total, 30 cycles of the
reaction were carried out at 95 for 1 min, 57 for 1 min
and 72 for 2 min. The PCR products were electrophoresed
on a 20 g/L agarose gel and stained with ethidium bromide.
The primers used in this study are listed in Table 1. The
density of the band was analyzed using a BIO-RAD Gel
Doc 2 000 densitometer.
Animal model of hepatic fibrosis
Hepatic fibrosis was induced in male Sprague-Dawley rats
(140-150 g) by carbon tetrachloride (CCl4) administration[22].
Animals were maintained on standard chow and water. A
total of 48 rats administered 500 mL/L CCl4 dissolved in
olive oil at a dose of 1 mL CCl4/kg body weight twice weekly
(every Monday and Thursday) via gastrogavage for 8 wk.
One group of six rats received olive oil as control. This method
reproducibly results in early fibrosis within 3-4 wk, and
advanced fibrosis by 6-8 wk[23]. After 3 wk, six rats of CCl4
treated and untreated group were killed for examination of
hepatic fibrosis development. After 6 wk, the remaining
model rats were injected via the hepatic portal vein with a
single infusion of 500 µL of either saline (n = 8), 3×1011 v.g./mL
rAAV-INF-γ (n = 8), and 3×1011 v.g./mL rAAV-eGFP (n = 8).
After 8 wk, all the rats were killed and the liver were fixed
in 40 g/L PFA for histological examination or snap-frozen
in liquid nitrogen in preparation for measurement of
hydroxyproline and RNA isolation. Also the blood samples
were taken immediately before the rats were sacrificed for
biochemical analysis.
Histological examination
For light-microscopic examination, the fixed liver specimens
were embedded in paraffin. Sections were cut at a thickness
of 4 µm and stained with hematoxylin-eosin for routine
examination.
Measurement of hydroxyproline content
The liver tissue was finely minced and then homogenized
in nine volumes of ice-cold PBS, hydrolyzed in HCl and
the hydroxyproline content was determined by the method
of Sakaida et al.[24], with minor modifications.
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Measurement of AST and ALT
Blood was collected from femoral artery, allow the samples
to clot for 30 min before centrifugation for 10 min at
1 000 r/min. Remove serum for aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) determination.
Statistical analysis
The data presented are the mean±SD of each group. A
statistical analysis was performed using the Student’s t test,
P<0.05 was considered to be statistically significant.

RESUL
TS
RESULTS
Effect of recombinant AAV-INF-γ on the primary cultured HSCs
Freshly isolated HSCs could emit blue-green fluorescence,
which is easily quenched, stimulated by radiation of 328 nm
laser source. Five days after isolation, HSCs exhibited expanded
cytoplasmic processes and enlarged nuclei corresponding
to the intermediate stage of the activation process. After
10 d culture, HSCs could undergo a totally activated process.
To confirm that AAV-INF-γ was transcriptional active,
total RNA of infected HSCs was isolated and examined by
RT-PCR analysis. Human INF-γ mRNA transcripts were
detected in HSCs infected with rAAV-INF-γ, but undetectable
in sham-infected or rAAV-eGFP infected HSCs (Figure 2A).
Also the expression and secretion of human INF-γ was
next evaluated by ELISA. In the group of rAAV-eGFP
infected HSCs, 24 h after infection, human INF-γ expression
was 265±67 pg/mL in the supernatant and its level reaches
the peak value, 1 211±178 pg/mL at 60 h after infection
(Figure 2B).
Because α-SMA is the marker protein of activated HSCs,
the immunocytochemistry examination was introduced to
evaluate the effects of rAAV-INF-γ on activated HSCs. The
results revealed that the expression of α-SMA was suppressed
by supplementation with rAAV-INF-γ (Figure 3A-D).
Additionally, INF-γ has a notable feature of immunomodulatory activity, which could affect the cytokines and
proteases expression in HSCs. The mRNA expression of
TGF-β, MMP-13 and TIMP-1 between the activated HSCs
and HSCs infected with rAAV-eGFP and rAAV-INF-γ were
examined by RT-PCR method (Figure 4A). There was no
significant difference in the mRNA expression between the
untreated and rAAV-eGFP infected HSCs. But the levels
of TGF-β and TIMP-1 mRNA were decreased in the rAAVINF-γ infected HSCs, with an unchanged expression in MMP13 in contrast to those two groups of HSCs (Figure 4 B).
Histology of CCl4 induced hepatic fibrosis and AAV-INF-γ
treatment
Histological analysis confirmed that CCl4 could cause the

Table 1 Primer pairs for RT-PCR used in this study
Gene

Forward primer

INF-γ

5’-CCGCTCGAGATGAAATATACAAGTTATATC-3’

Reverse primer
5’-CGGAATTCTTACTGGGATGCTCTTCGACC-3’

TGF-β

5’-CTTCAGCTCCACAGAGAAGAACTGC-3’

5’-CACGATCATGTTGGACAACTGCTCC-3’

TIMP-1

5’-CCGCAGACGGCGTTCTGCAA-3’

5’-TCGAGACCCAAGGGATTGCC-3’

MMP-13

5’-TGACTATGCGTGGCTGGAA-3’

5’-AAGCTGAAATCTTGCCTTGGA-3’

GAPDH

5’-GTCAACGGATTTGGTCGTATT-3’

5’-AGTCTTCTGGGTGGCAGTGAT-3’
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in Glisson’s sheath, pseudolobule formations and formation
of fibrotic septa and thickened reticulin fibers joining central
areas. In contrast, the rat liver that received rAAV-INF-γ
showed only light bridging fibrosis and diminished fibrosis
in both the periportal and centrilobular liver (Figures 5C-E).

rAAV-INF-γ

Hydroxyproline content in liver
In collagen, 13.4% of total amino acid is hydroxyproline,
whereas little content in elastin and inexistence in other proteins.
So hydroxyproline content could reflect the collagen content
in connective tissue. Determination of hydroxyproline content
in different groups of rat liver confirmed the histological
studies that hydroxyproline content in the rAAV-INF-γ treated
group was significantly reduced to 177±28 µg/g wet liver,
compare with the fibrosis control group 236±31 µg/g wet
liver (Table 2).
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Figure 2 The expression of INF-γ in rAAV-INF-γ infected HSCs. A: RT-PCR
analysis of INF-γ expression in rAAV-INF-γ infected HSCs. The untreated and
rAAV-eGFP infected HSCs did not show any PCR band; B: Time course of the
INF-γ expression in the HSC supernatants after rAAV-INF-γ infection. (Data are
mean±SD, n = 6).

hepatic fibrosis. After 3 wk, the mature collagen fibrils bridging
vascular structures were obviously presented in the CCl4
treated group, showing a early stage of hepatic fibrosis
(Figures 5 A and B). At the end of 8 wk, the saline and
rAAV-eGFP treated model group revealed cirrhotic-like
structural patterns: fibrous connective tissue components

Measurement of AST and ALT
The serum AST and ALT levels in the group of rats treated
with CCl4/saline and CCl4/rAAV-eGFP were 1 019.1±276.
3, 770.5±154.3 U/L and 985.4±241.6, 727.2±175.0 U/L,
respectively. No significant difference was observed between
those two groups. In contrast to the CCl4/saline control
group, the serum AST and ALT level of CCl4/rAAV-INF-γ
treated rats were reduced to 668.5±140.0, 458.4±123.5 U/L,
suggesting that the INF-γ gene expression inhibited the
hepatic toxicity caused by CCl4 (Table 2).
mRNA expression of TGF-β, TIMP-1, and MMP-13 in the liver
The mRNA expression of TGF-β, MMP-13 and TIMP-1
between the control group and the group induced with
rAAV-INF-γ were analyzed by RT-PCR method (Figure 6A).
There was a similar result between the in vivo and in vitro

A

B

C

D

Figure 3 The expression of α-SMA in different group of primary cultured HSCs.
Expressions of α-SMA were determined by immunocytochemical method. A:
Immunocytochemistry of untreated HSCs without primary antibody as the negative

control; B: Immunocytochemistry of untreated HSCs; C: Immunocytochemistry
of rAAV-eGFP infected HSCs; D: Immunocytochemistry of rAAV-INF-γ infected
HSCs.

B

TGF-β
TIMP-1
MMP-13
GAPDH
Figure 4 The mRNA expression of fibrosis related cytokines and proteases in
different group of primary cultured HSCs. A: mRNA expression of TGF-β, MMP13 and TIMP-1 in HSCs were examined by RT-PCR method; B: Densitometric
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units were calculated by dividing the density of individual bands by that of
GAPDH. Closed column, untreated. Lined column, rAAV-eGFP induced. Dotted
column, rAAV-INF-γ induced. (Data are mean±SD, n = 8, aP<0.05).
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Figure 5 Improvement of CCl4 induced experimental hepatic fibrosis by rAAVINF-γ treatment in histology analysis. Rat liver section in each group stained

with Hematoxylin Eosin: A: No treatment; B: CCl 4 (3 wk); C: CCl 4/saline; D:
CCl4/rAAV-eGFP; E: CCl4/rAAV-INF-γ. (Magnification 200×).

study, with one difference that mRNA expression of TGF-β
were unchanged in three groups of rat liver (Figure 6B).

to understand fibrosis may focus primarily on events that
lead to the early accumulation of ECM in hopes of identifying
therapeutic targets to slow its progression[25,26]. Endogenous
INF-γ is a lymphokine produced by natural killer cells and
T lymphocytes, which plays a central role in the control of
the immune response. It is also known for its regulatory
effects on collagen synthesis. Tissue repair is characterized

DISCUSSION
Liver fibrosis is reversible, whereas cirrhosis, the end stage
consequence of fibrosis, is generally irreversible. Thus, efforts
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Table 2 Serum markers of hepatic fibrosis and damage
Number

Hydroxyproline
(µg/g wet liver)

AST (U/L)

ALT (U/L)

No treatment

6

96±11

76.3±6.3

53.0±6.9

CCl4 (3 wk)
CCl4/Saline

6
8

162±14
236±31

561.2±81.4
1 019.1±276.3

358.0±85.4
770.5±154.3

CCl4/rAAV-eGFP
CCl4/rAAV-INF-γ

8
8

249±37
177±281

985.4±241.6
668.5±140.02

727.2±175.0
458.4±123.53

CCL4/rAAVINF-γ

A

CCL4/rAAVeGFP

CCL4/Saline

Hydroxyproline content and serum AST, ALT are shown with mean ±SD for each group. There are no significant differences between group of CCl4/saline and
CCl4/rAAV-eGFP in all three markers. The group of CCl4/rAAV-INF-γ vs CCl4/saline: 1P = 0.0015; 2P = 0.0064; 3P = 0.0032.

TGF-β
TIMP-1
MMP-13
GAPDH

B

Untreated

80

Densitometric units
(% of control)
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rAAV-INF-γ
a
40

0
TGF-β

TIMP-1
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Figure 6 The mRNA expression of fibrosis related cytokines and proteases in
different group of rat liver. A: mRNA expressions of TGF-β, MMP-13 and TIMP1 in the rat liver were examined by RT-PCR method; B: Densitometric units
were calculated by dividing the density of individual bands by that of GAPDH.
Closed column, untreated. Lined column, rAAV-eGFP induced. Dotted column,
rAAV-INF-γ induced. (Data are mean±SD, n = 8, aP<0.05).

by infiltration of inflammatory, immune and mesenchymal
cells in injured areas accompanied by release of cytokines,
followed proliferation of mesenchymal cells involved in
synthesis and deposition of collagen. The effects of INF-γ
on collagen production have been the objects of a number
of studies suggest that INF-γ acts as an endogenous mediator
reducing collagen synthesis[27,28].
In this study, rAAV-INF-γ could infect the primary
cultured HSCs effectively. The expression of INF-γ reached
the peak level, 1 211±178 pg/ml, at 60 h after infection
with 5±104 v.g./cell rAAV-INF-γ. α-SMA expression and
mRNA of TGF-β, TIMP-1 were down regulated with the
expression of INF-γ, attenuated the HSCs activation and
proliferation in vitro. Also, rAAV-INF-γ could inhibit the
development of experimental hepatic fibrosis induced by
CCl4 administration in vivo, though it seemed hard to reverse
it. The histology results revealed that hepatic fibrosis rats
treated with rAAV-INF-γ showed light fibrosis compared
with the control groups. In the rAAV-INF-γ induced group,

the hydroxyproline content and serum AST, ALT level
were decreased to 177±28 µg/g wet liver, 668.5±140.0,
458.4±123.5 U/L, compare with the fibrosis control group
236±31 µg/g wet liver, 1 019.1±276.3, 770.5±154.3 U/L,
respectively (P<0.01). mRNA expression of TIMP-1 in the
rAAV-INF-γ induced rat liver was decreased while no
significant change was observed in TGF-β and MMP-13.
There is a difference between in vitro and in vivo study,
expression of TGF-β mRNA was inhibited in HSCs infected
with rAAV-INF-γ, but keeps unchanged in AAV-INF-γ
treated rat liver compare with the control group. TGF-β is
the important mediator involved in the transdifferentiation
of HSCs from quiescent to activated phenotypes and
biosynthesis of collagens type I, resulting in production of
ECM[29]. In liver, Kupffer cells are another main source of
TGF-β besides HSCs. Since INF-γ could also activate
macrophages including Kupffer cells, the total effect of
INF-γ in liver does not change the mRNA expression of
TGF-β [30]. Thus the protein production and receptor
expression of TGF-β should be investigated to make a more
elaborate description of the change about TGF-β modulated
by INF-γ.
The majority of clinical use of INF-γ up to date has
been conducted with subcutaneous route of purified
recombinant INF-γ protein. The cost of standard INF-γ
regimen is very expensive that limits its access to the patients.
So gene therapy appears to be the more powerful strategy
than other forms in gene therapy of hepatic fibrosis. Potential
advantages of gene therapy are sustained expression of
transgene and highly localized delivery within a single
injection. The advantages of localized vector delivery are
obvious because it can induce a high level of transgenic
proteins in situ to achieve potential efficient activity and
reduce adverse effects compared with systemic delivery. In
resent studies, several gene delivery systems were reported
for gene therapy targeting the liver disease. Adenoviruses
are the vectors used most commonly for gene therapy, but
its effective host immune response and the toxic/anaphylactic
reaction limits its clinical use[31-32]. Protzer et al.[33], demonstrated
that INF gene transfer by the hepatitis B virus vector
efficiently suppressed wild-type virus infection, however the
gene transfer efficiency in the liver is comparatively low.
Compare with those two vectors, AAV vectors have little
immunogenicity and far higher transfer efficiency.
Furthermore, AAV vectors can mediate the long-term in
vivo expression in host cells, with persistent expression up to
6 mo[18,34,35]. Actually, the human clinical trials for cystic
fibrosis and for hemophilia B have been enrolling patients

Chen M et al. AAV mediated INF-γ inhibits hepatic fibrosis

since 1996 and 1999, respectively, via recombinant AAV
vectors. While comprehensive reviews exist of the current
scope of clinical conditions for AAV vectors are being
developed, it is likely that clinical trials involving delivery to
the liver will commence in the near future[15].
Taking all these results together, rAAV-INF-γ has
potential effects for gene therapy of hepatic fibrosis. We
believe that this system could now be applied in clinical trials,
though we must continue to explore critical pre-clinical
evaluation of risks in the age of clinical trials.
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MPO, MDA and GSH mucosal contents, without interfering
with the decrease in PGE2 levels or indomethacin-induced
cyclooxygenase-2 expression. However, both lansoprazole
doses markedly inhibited acid secretion in pylorus-ligated
rats. Lansoprazole concentration-dependently reduced the
oxidation of LDLs in vitro.

Abstract

© 2005 The WJG Press and Elsevier Inc. All rights reserved.

AIM: This study investigated the mechanisms of protection
afforded by the proton pump inhibitor lansoprazole against
gastric injury induced by different non-steroidal antiinflammatory drugs (NSAIDs) in rats.
METHODS: Male Sprague-Dawley rats were orally treated
with indomethacin (100 µmol/kg), diclofenac (60 µmol/kg),
piroxicam (150 µmol/kg) or ketoprofen (150 µmol/kg).
Thirty minutes before NSAIDs, animals were orally
treated with lansoprazole 18 or 90 µmol/kg. Four hours
after the end of treatments, the following parameters
were assessed: gastric mucosal PGE2, malondialdehyde
(MDA), myeloperoxidase (MPO) or non-proteic sulfhydryl
compounds (GSH) levels; reverse transcription-polymerase
chain reaction (RT-PCR) of mucosal COX-2 mRNA; gastric
acid secretion in pylorus-ligated animals; in vitro effects
of lansoprazole (1-300 µmol/L) on the oxidation of low
density lipoproteins (LDLs) induced by copper sulphate.
RESULTS: All NSAIDs elicited mucosal necrotic lesions
which were associated with neutrophil infiltration and
reduction of PGE2 levels. Increments of MPO and MDA
contents, as well as a decrease in GSH levels were
detected in the gastric mucosa of indomethacin- or
piroxicam-treated animals. Indomethacin enhanced
mucosal cyclooxygenase-2 expression, while not affecting
cyclooxygenase-1. At the oral dose of 18 µmol/kg
lansoprazole partly counteracted diclofenac-induced
mucosal damage, whereas at 90 µmol/kg it markedly
prevented injuries evoked by all test NSAIDs. Lansoprazole
at 90 µmol/kg reversed also the effects of NSAIDs on

CONCLUSION: These results suggest that, besides the
inhibition of acid secretion, lansoprazole protection against
NSAID-induced gastric damage depends on a reduction
in mucosal oxidative injury, which is also responsible for
an increment of sulfhydryl radical bioavailability. It is also
suggested that lansoprazole does not influence the downregulation of gastric prostaglandin production associated
with NSAID treatment.

Key words: Lansoprazole; Gastric injury; Non-steroidal
anti-inflammatory drugs
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INTRODUCTION
Non-steroidal anti-inflammatory drugs (NSAIDs) are among
the most commonly prescribed drugs due to their high
efficacy in the treatment of pain, fever and inflammation.
However, the use of these drugs is associated with the
occurrence of adverse digestive effects, consisting most
notably of gastric erosions, ulceration, bleeding and
perforation[1]. It is widely accepted that both the beneficial
and detrimental effects of NSAIDs are attributable to their
ability to inhibit prostaglandin synthesis through a direct
blockade of cyclooxygenase (COX)[2]. In particular, the
sequelae of suppressed prostaglandin production, which may
contribute to the pathogenesis of gastroduodenal ulceration,
include a decrease in mucus synthesis and secretion of
mucus, an inhibition of bicarbonate secretion, a reduction
of mucosal blood flow, an alteration of microvascular
structure and an increase in acid and pepsinogen secretion[1,3].
The pathogenesis of NSAID-induced gastrointestinal
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damage may also depend on prostaglandin-independent
mechanisms, such as uncoupling of oxidative phosphorylation,
alterations of mucosal cell turnover as well as neutrophil
activation followed by enhanced endothelial adhesion[1,4].
These mechanisms, in combination with those related to
prostaglandin suppression, lead to microvessel occlusion and
subsequent hyperproduction of reactive oxygen metabolites.
Such substances are then able to induce oxidative tissue
injury which seems to play a prominent role in the development
of mucosal ulceration caused by NSAIDs[3,5].
The impairment of mucosal defence allows gastric acid
to cause injury. Therefore, gastric acid is regarded as a
pivotal step in the pathogenesis of gastroduodenal
ulceration, and acid suppression is viewed as a main option
in the treatment of NSAID-induced mucosal damage[6]. For
these reasons, proton pump inhibitors (PPIs), including
lansoprazole and other related compounds, have been
investigated in clinical studies in patients under treatment
with NSAIDs, and proven to be effective in both prevention
and healing of NSAID-induced gastric lesions[7]. Indeed,
PPIs can markedly reduce gastric acidity through the
blockade of H+, K+-ATPase, the enzyme responsible for
the final step in the secretion of hydrochloric acid by parietal
cells[8]. However, there is also evidence to suggest that
these drugs can activate gastric protective mechanisms
independent of acid reduction[9,10]. For instance, in previous
studies omeprazole and lansoprazole prevented gastric
injury elicited by acidified ethanol or hemorrhagic shock
through an enhancement of mucosal defence[9].
At present, a large variety of endogenous factors,
including prostaglandins, growth factors, digestive hormones,
sensory peptides, nitric oxide, and sulfhydryl compounds,
has been implicated in the mechanisms through which gastric
mucosa counteracts ulcerative stimuli[11], and some of these
factors have been proposed to account for the
gastroprotective effects of PPIs [9,10]. Nevertheless, the
possible contribution of acid-independent mechanisms to
the protective effects of these drugs against NSAID-induced
gastric injury remains to be clarified. Overall, the present
study was designed to: (1) examine the influence of
lansoprazole on gastric mucosal damage induced by different
NSAIDs; (2) evaluate to what extent factors and mechanisms
related to gastric mucosal defence are involved in the
protective actions of lansoprazole; (3) assess whether
lansoprazole is endowed with direct antioxidant properties.

MA
TERIALS AND METHODS
MATERIALS
Animals and experimental design
Albino male Wistar rats, with 200-220 g body weight, were
used throughout the study. They were fed standard
laboratory chow and tap water ad libitum and were not used
for at least one week after their delivery to the laboratory.
The animals were housed, four in a cage, in temperatureand
controlled rooms on a 12-h light cycle at 22-24
50-60% relative humidity. They were deprived of food
24 h before the experiment. However, free access to water
ad libitum was allowed until 1 h before the beginning of
experiments. Experiments were performed in accordance
with the provisions of the European Community (EC)
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Council Directive 86-609, recognized and adopted by the
Italian Government.
In experiments on gastroprotection, lansoprazole (18 or
90 µmol/kg) or its vehicle was administered by intragastric
gavage. The following NSAIDs, which are associated with
moderate to high levels of risk for gastric injury in clinical
settings[4], were then administered by intragastric gavage at
doses known to induce gastric lesions in rats: indomethacin
(100 µmol/kg[12]), diclofenac (60 µmol/kg[13]), piroxicam
(150 µmol/kg[14]), and ketoprofen (150 µmol/kg[15]). In all
cases, a 30 min interval was allowed between lansoprazole
and NSAID administration. Four hours after treatment with
NSAIDs, the animals were sacrificed by cervical dislocation,
their stomachs were rapidly removed and processed for the
evaluation of the following parameters: (1) histomorphometric
analysis of gastric mucosal damage; (2) quantitative estimation
of mucosal inflammatory activity; (3) assay of malondialdehyde
(MDA), non-proteic sulfhydryl compounds and prostaglandin
E2 (PGE2) in the mucosal layer; (4) assessment of mucosal
expression of COX isoforms (COX-1, COX-2).
In an additional set of experiments, the effects of
lansoprazole (18 or 90 µmol/kg) or its vehicle were assayed
on gastric acid secretion in rats subjected to pylorus ligation.
Dose levels of lansoprazole were selected on the basis of
previous studies in rat models of gastric injury, showing that
this PPI exerted maximal protective actions at 90 µmol/kg[9].
Animals subjected to NSAID-induced gastric mucosal damage
Histomorphometric evaluation of gastric mucosal
damage The histomorphometric estimation of gastric
mucosal damage was carried out as previously described[16].
Briefly, the stomach was opened along the greater curvature,
gently washed with saline (154 mmol/L NaCl), pinned upon
a cork plate with the mucosal surface turned upwards, and
fixed in 10% formalin buffered with phosphate for 24 h at
4 . Each stomach was dissected in parallel strips
perpendicular to the lesser curvature at a distance of 2 mm.
The strips from each stomach were sequentially placed on
a glass slide and oriented with the side of each strip distal to
the pylorus upwards. A solution of melted 3% agar was
to
gently poured on the strips and quickly cooled at 4
induce solidification. The agar block was then removed from
the glass slide, dehydrated, and embedded in paraffin wax.
Three micrometers thick paraffin sections were cut using a
microtome and stained with hematoxylin and eosin. Sections
were examined by light microscopy and the length of both
total and damaged mucosa was evaluated by means of a
micrometric scale. The lesion index was estimated as the
length fraction of damaged mucosa over the total length
of mucosa, and expressed in percentage values.
Determination of mucosal myeloperoxidase content
Myeloperoxidase (MPO) was assayed as previously reported
by Pacheco et al.[17], and assumed as a quantitative index to
estimate the degree of mucosal infiltration by polymorphonuclear cells elicited by treatment with test NSAIDs.
Briefly, specimens of mucosa were rapidly scraped from
the underlying tissue layers of gastric wall using two glass
slides kept cold on ice. Mucosal samples (300 mg) were
with a polytron
homogenized 3 times (30 s each) at 4
homogenizer (Cole Parmer Homogenizer, Vernon Hills,
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IL, USA) in 1 mL of ice-cold 50 mmol/L phosphate buffer
(pH 6.0) containing 0.5% of hexadecyltrime-thylammonium
bromide to prevent the pseudoperoxidase activity of
hemoglobin as well as to solubilize membrane-bound MPO.
The homogenate was sonicated for 10 s, frozen-thawed
3 times and spun by centrifugation for 20 min at 18 000 g.
The supernatant was then recovered and used for
determination of MPO concentration by means of enzymelinked immunosorbent assay (ELISA) (Bioxytech, Oxis
International Inc., Portland, OR, USA). All samples were
assayed within 2 d after collection. The results were expressed
as ng of MPO per 100 mg of gastric mucosa.
Quantitative evaluation of mucosal oxidative damage
MDA concentrations in samples of gastric mucosa were
determined to obtain quantitative estimations of membrane
lipid peroxidation evoked by test NSAIDs. For this purpose,
specimens of mucosa were scraped from the underlying
tissue layers of gastric wall using two glass slides kept cold
on ice. The mucosa was weighed, minced by forceps,
homogenized in 2 mL of cold buffer (Tris-HCl 20 mmol/L,
pH 7.4) using a polytron homogenizer (Cole Parmer
Homogenizer), and spun by centrifugation at 1 500 g
for 10 min at 4 . Aliquots of supernatants were then
used for subsequent assay procedures. Mucosal MDA
concentrations were estimated by colorimetric assay
(Calbiochem-Novabiochem Corporation, San Diego, CA,
USA), and the results were expressed as nmol of MDA per
milligram of gastric mucosa.
Assay of sulfhydryl compounds in gastric mucosa The
concentrations of reduced glutathione (GSH) in specimens
of gastric mucosa were determined to estimate the tissue
content of non-proteic sulfhydryl compounds[18]. For this
purpose, samples of mucosa were scraped from the
underlying layers of gastric wall using two glass slides kept
cold on ice. The scraped mucosa was weighed, minced by
forceps, homogenized in 2 mL of cold buffer [0.4 mol/L
2-(N-morpholino)-ethanesulfonic acid, 0.1 mol/L
phosphate, and 2 mmol/L ethylendiaminotetracetic acid
(EDTA), pH 6] using a polytron homogenizer (Cole Parmer
Homogenizer), and spun by centrifugation at 10 000 r/min
for 15 min at 4 . Aliquots of supernatants were deproteinated
by a solution containing 1.25 mol/L metaphosphoric acid
and 4 mol/L triethanolamine, to avoid interferences due to
particulate components or proteic sulfhydryl groups, and
then used for the subsequent assay procedures. Gastric
mucosal levels of GSH were determined by enzyme
colorimetric assay (Cayman Chemicals, Ann Arbor, MI,
USA), and the results were expressed as nmol of GSH per
milligram of gastric mucosa.
Assay of PGE2 in gastric mucosa
Enzyme immunoassay of PGE2 in gastric mucosa was
performed by means of a commercial kit (Cayman Chemical
Company, Ann Arbor, MI, USA). Briefly, specimens of
mucosa were rapidly scraped from the underlying tissue
layers of gastric wall using two glass slides kept cold on ice.
The mucosa was weighed, minced by forceps, and
homogenized in 1 mL of cold phosphate buffer (PBS
0.1 mol/L, pH 7.4, containing 1 mmol/L EDTA and
10 µmol/L indomethacin) per gram of tissue using a polytron
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homogenizer (Cole Parmer Homogenizer, Vernon Hills, IL,
USA). The resulting homogenate was added with an equal
volume of absolute ethanol, and stirred with vortex. After
5-min incubation at room temperature, the homogenate was
spun by centrifugation at 1 500 r/min for 10 min at 4 .
The supernatant was added with 1 mol/L HCl until pH 4.
Before the assay, samples were subjected to purification by
means of superclean LC-18 SPE columns (Sigma Co., St.
Louis, MO, USA). For this purpose, 0.5 mL of sample was
added to 2 mL of ethanol and vortexed. After incubation
at room temperature for 5 min, the sample was spun by
centrifugation at 3 000 r/min for 10 min. The supernatant
was then removed and applied to the LC-18 SPE column
which was previously activated with 5 mL of methanol and
then with 5 mL of ultrapure water. The column was
subsequently washed with 5 mL of ultrapure water and 5
mL of hexane. PGE2 was then eluted with 5 mL of ethyl
acetate containing 1% methanol. The eluted ethyl acetate
fractions were collected and evaporated to dryness with
nitrogen. Aliquots were then used for subsequent enzyme
immunoassay. PGE2 concentration was expressed as
nanogram per gram of mucosal tissue.
Western blot assay of COX-1 and COX-2 in gastric mucosa
Specimens of mucosa were scraped from the underlying
tissue layers of gastric wall using two glass slides kept cold
on ice. Mucosal samples were weighed and homogenized
in lysis buffer containing: HEPES 10 mmol/L, NaCl
30 mmol/L, EDTA 0.2 mmol/L, phenylmethylsulphonyl
fluoride 2 mmol/L, leupeptin 10 µg/mL, aprotinin 10 µg/mL,
sodium fluoride 1 mmol/L, sodium orthovanadate 1 mmol/L,
glycerol 2%, MgCl 2 0.3 mmol/L, and Triton-X 100 1%,
using the polytron homogenizer. Mucosal homogenates were
spun by centrifugation at 20 000 g for 15 min at 4 , and
the resulting supernatants were then separated from pellets
and stored at -80 . Protein concentration was determined
in each sample by the Bradford method (Protein Assay kit,
Bio-Rad, Hercules, CA, USA). To perform Western blot
analysis of COX-1 and COX-2, equivalent amounts of
protein lysates (50 µg) were separated by electrophoresis
on sodium dodecylsulfate polyacrylamide gel (8%) and
transferred onto a nitrocellulose membrane. The blots were
then blocked overnight with 5% non-fat dried milk in
phosphate buffered saline, and incubated overnight at room
temperature with goat polyclonal antiserum raised against
rat COX-1 or COX-2 (dilution 1:1 000). After repeated
washings with 0.1% Tween-20 in Tris-buffered saline, a
peroxidase-conjugated rabbit anti-goat antibody (dilution
1:10 000) was added for 1 h at room temperature. After
repeated washings with 0.1% Tween-20 in Tris-buffered
saline, the immunoreactive bands were visualized by
enhanced chemiluminescence (ECL, Amersham Biosciences
Europe GmbH, Cologno Monzese, Italy). The relative
expression of COX-1 or COX-2 was quantified by
densitometric analysis with NIH Image computer program
(Scion Corporation, USA).
Animals subjected to pylorus ligation
Pylorus ligation was carried out as previously described[19].
Briefly, during a short anesthesia with diethyl ether, the
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abdomen was opened by a midline laparotomy and the
duodenum was exteriorized. Then, lansoprazole (18 or
90 µmol/kg) or its vehicle was directly injected into the
distal portion of duodenum by means of a 25-gauge needle,
the pylorus was ligated, the abdominal incision was closed
with clips, and the animals were allowed to recover from
anesthesia for 10 min. Two hours after pylorus ligation,
the esophageal-gastric junction was ligated, and the whole
stomach was excised. The gastric content was emptied,
carefully collected in graduated centrifuge tubes, and spun
by centrifugation at 3 000 r/min for 10 min. Samples with
more than 0.5 mL of sediment were discarded. The level
of acidity was measured by automatic potentiometric
titration to pH 7.0 with 0.01 mol/L NaOH, using an
Autotitrator pH Meter PHM82 (Radiometer, Copenhagen,
Denmark), and evaluated as H+ output. The effect of
lansoprazole was expressed as µEqH+/2 h.
In vitro assay of antioxidant activity of lansoprazole
To evaluate whether lansoprazole is endowed with direct
antioxidant properties, the drug was incubated in a reaction
mixture where human native low density lipoproteins (LDLs)
were subjected to oxidation upon exposure to CuSO4 at
for 120 min, in accordance with a standardized
37
method [20]. Lansoprazole was assayed at concentrations
ranging from 1 to 300 µmol/L. The reaction mixture
consisted of 2 mL of a phosphate buffer (10 mmol/L
KH2PO4/K2HPO4, pH 5.3) containing LDLs 150 µg/mL
and CuSO 4 1 µmol/L. At the end of incubation, the
oxidative reaction was stopped by addition of buthyldihydroxytoluene 0.5 mol/L in acetonitrile, and the extent of
LDL oxidation was estimated by measurement of 8-isoprostaglandin F2α (8-iso-PGF2α) concentrations. For this
purpose, 100-µL aliquots of the reaction mixture were used
to assay 8-iso-PGF2α by means of a commercial kit for
competitive enzyme-linked immunoassay (Cayman
Chemicals, Ann Arbor, MI, USA). The results were expressed
as pg of 8-iso-PGF2α per mL.
Statistical analysis
The results are given as mean±SE. The statistical significance
of data was evaluated by one-way analysis of variance (ANOVA)
followed by post hoc analysis by Student-Newman-Keuls test,
and P values lower than 0.05 were considered significant;
“n” indicates the number of experiments. All statistical
procedures were performed by personal computer programs.
Drugs The following drugs and reagents were used:
indomethacin, ketoprofen, diclofenac, piroxicam, human
native low density lipoproteins, butyldihy-droxytoluene, HEPES,
EDTA, phenylmethylsulphonyl fluoride, leupeptin, aprotinin,
sodium orthovanadate, glycerol, Triton-X, Tween-20,
sodium dodecylsulfate, hexadecyltrimethylammonium
bromide (Sigma Chemicals Co., St. Louis, MO, USA);
lansoprazole (kindly provided by Takeda Italia Farmaceutici,
Rome, Italy); diethyl ether (Mallinckrodt Baker BV,
Deventer, The Netherlands); polyacrylamide (Bio-Rad,
Hercules, CA, USA); goat anti-rat COX-1 and COX-2
antibodies, peroxidase-conjugated rabbit anti-goat antibody
(Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA).
Other reagents were of analytical grade. Lansoprazole and
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test NSAIDs were suspended in 1% methocel and
administered in a volume of 0.5 mL.

RESUL
TS
RESULTS
Animals subjected to NSAID-induced gastric mucosal damage
Effects of lansoprazole on gastric mucosal damage
induced by NSAIDs Intragastric administration of test
NSAIDs caused various degrees of macroscopically evident
mucosal damage (not shown). Histological examination of
gastric sections showed that treatment with test NSAIDs
elicited necrotic mucosal lesions associated with widespread
areas of infiltration by polymorphonuclear cells in the upper
part of the submucosal layer and the lower part of mucosa
(Figure 1). Histomorphometric analysis of gastric tissue
revealed negligible lesions of surface epithelium in control
animals, as well as those receiving lansoprazole alone, with
a total damage accounting for (0.27±0.12)% (control),
(0.18±0.11)% (lansoprazole 18 µmol/kg) and (0.09±0.03)%
(lansoprazole 90 µmol/kg). By contrast, in animals treated
with indomethacin, diclofenac, piroxicam or ketoprofen,
histomorphometry displayed a necrotic damage affecting
(6.38±0.32)%, (4.48±0.26)%, (6.43±0.54)%, and (5.62±0.39)%
of gastric mucosa, respectively (Figure 2). Under these
conditions, pretreatment with lansoprazole (90 µmol/kg)
caused marked reductions of NSAID-induced gastric
mucosal injury (Figure 2), which was associated with a
concomitant decrease in the degree of infiltration by
polymorphonuclear cells (Figure 1). When assayed at the dose
of 18 µmol/kg, lansoprazole exerted a slight influence on
NSAID-induced mucosal damage, achieving a level of statistical
significance only in animals exposed to diclofenac (Figure 2).

A

B

C

D

Figure 1 H&E-stained sections of rat gastric mucosa. A, treatment with indomethacin
100 µmol/kg, A: severe lesion with necrosis of gastric mucosa; B: several
polymorphonuclear cell scan be detected (arrows); C and D: Rats treated with
lansoprazole 90 mmol/kg plus indomethacin 100 µmol/kg, C: less severe lesion
with lysis of mucosal cells; D: few polymorphonuclear cells can be evidenced
(arrows). A and C: original magnification 100; bar = 150 µm. B and D: original
magnification 170 x; bar = 60 µm.
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Figure 2 Histomorphometric evaluation of gastric mucosal damage in rats
subjected to intragastric administration of indomethacin (IND, 100 µmol/kg),
diclofenac (DIC, 60 µmol/kg), piroxicam (PIR, 150µmol/kg) or ketoprofen (KET,
150 µmol/kg) either alone or in the presence of lansoprazole (LAN, 18 and
90 µmol/kg). Each column indicates the mean value obtained from 6-8
animals±SE (vertical lines). a P<0.05 vs control values; cP<0.05 between the
respective values obtained in animals treated with a test NSAID alone.

Assay of MPO, MDA, and GSH in gastric mucosa
MPO levels in the gastric mucosa of control animals were
3.57±0.78 ng/100 mg, and this value was not significantly
affected by treatment with lansoprazole alone (90 mmol/kg).
In this set of experiments, indomethacin, and piroxicam
induced marked increments of mucosal MPO concentrations
(+116.8% and +131.1%, respectively), which no longer
occurred after pretreatment of animals with lansoprazole
(Figure 3A).
MDA levels in the gastric mucosa of control rats were
5.6±1.4 nmol/mg tissue. Lansoprazole alone (90 µmol/kg)
did not influence basal MDA concentrations. Treatment
with indomethacin or piroxicam caused a significant
increase in mucosal MDA concentrations (+148.2% and
+112.5%, respectively), and pretreatment with lansoprazole
significantly prevented the tissue accumulation of MDA
promoted by test NSAIDs (Figure 3B).
In control animals, mucosal GSH levels reached
0.064±0.006 nmol/mg. Under these conditions, lansoprazole
alone (90 µmol/kg) did not significantly affect the mucosal
concentration of endogenous sulfhydryl compounds. Treatment
with indomethacin or piroxicam elicited a significant reduction
of mucosal GSH levels (-70.3% and -79.7%, respectively).
However, the decrease in gastric GSH concentration caused

Control

IND+LAN

LAN 90 µmol/kg

PIR 150 µmol/kg

IND 100 µmol/kg
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DIC 60 µmol/kg
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Figure 3 MPO (A), MDA (B) and GSH (C) levels in the gastric mucosa of rats
treated with indomethacin (IND, 100 µmol/kg) or piroxicam (PIR, 150 µmol/kg),
either alone or in the presence of lansoprazole (LAN, 90 µmol/kg). Each column

c
c

Figure 4 PGE2 levels in the gastric mucosa of rats treated with indomethacin
(IND, 100 µmol/kg), diclofenac (DIC, 60 µmol/kg), piroxicam (PIR, 150 µmol/kg)
or ketoprofen (KET, 150 µmol/kg), either alone or in the presence of lansoprazole
(LAN, 90 µmol/kg). Each column represents the mean value obtained from 6 to 8
animals±SE (vertical lines). aP<0.05 vs control values; cP<0.05 between the
respective values obtained in animals treated with a test NSAID alone.

Western blot assay of COX-1 and COX-2 in gastric mucosa
The protein expression of COX isoforms was evaluated by
Western blot analysis of gastric mucosal samples obtained
from animals subjected to vehicle, indomethacin, lansoprazole
or lansoprazole plus indomethacin administration. Western
blot assay revealed the expression of both COX-1 and
COX-2 in the gastric mucosa of control animals as well as in
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Assay of PGE2 in gastric mucosa
Basal PGE2 levels in the gastric mucosa of control animals
accounted for 151.9±13.3 ng/g, this value being not
significantly affected by administration of lansoprazole alone
(90 µmol/kg). All test NSAIDs caused a significant reduction
in mucosal PGE2 levels. Marked inhibitory effects were
observed in animals treated with indomethacin, piroxicam
and ketoprofen (-74.8%, -79% and -86.6%, respectively),
whereas a moderate inhibitory action could be detected in
diclofenac-treated rats (-48.4%). Pretreatment with
lansoprazole did not significantly interfere with the inhibitory
actions of test NSAIDs on mucosal PGE2 production
(Figure 4).

B

16

Volume 11

by test NSAIDs no longer occurred upon pretreatment of
animals with lansoprazole (Figure 3C).
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A
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0.06
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a
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represents the mean value obtained from 7 to 10 animals±SE. aP<0.05 vs
control values; cP<0.05 between the respective values obtained in animals
treated with indomethacin or piroxicam alone.
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rats treated with lansoprazole alone (90 µmol/kg) (Figure 5).
The densitometric analysis of immunoreactive bands
showed that the relative expression of COX-1 or COX-2,
in the presence of lansoprazole, did not differ significantly
from that estimated in control animals. Treatment with
indomethacin was followed by a marked enhancement of
COX-2, but not COX-1, expression in the gastric mucosa.
A similar effect was exerted by indomethacin upon pretreatment of animals with lansoprazole (Figure 5).

CON

IND

LAN

LAN+IND

COX-1 isoform (arbitrary units)

COX-1
3.0
2.5
2.0
1.5
1.0
0.5
0.0

COX-2 isoform (arbitrary units)

COX-2
3.0
a

2.5

a

2.0
1.5
1.0
0.5
0.0

Figure 5 Western blot analysis of COX-1 and COX-2protein expression in
gastric mucosal lysates obtained from animals treated with indomethacin (IND),
lansoprazole (LAN, 90 µmol/kg) or lansoprazole plus indomethacin (LAN+IND).
a
P<0.05 vs the control values (CON).
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Animals subjected to pylorus ligation
In control animals subjected to pylorus ligation for 2 h and
pretreated with lansoprazole vehicle the gastric acid output
accounted for 153.7±5.8 µEqH+/2 h (n = 6). The
administration of lansoprazole (18 or 90 µmol/kg) at the
time of pylorus ligation caused a significant decrease in
acidity (-81.4% and -93.1%, respectively; Figure 6).
In vitro assay of antioxidant activity of lansoprazole
In control experiments, 8-iso-PGF2α generation promoted
by CuSO4-induced oxidation of LDLs accounted for
1 261.3±113.7 pg/mL. When the oxidative reaction was
carried out in the presence of increasing concentrations of
lansoprazole (1-300 µmol/L), the production of 8-isoPGF2α underwent a progressive decrease. Under these
conditions, the antioxidant activity of lansoprazole achieved
a significant level at 3 µmol/L (-17%), and a maximal
effect could be detected at the concentration of 100 µmol/L
(-85.9%, Figure 7).

DISCUSSION
It is currently acknowledged that the ability of PPIs to
prevent NSAID-associated gastric ulcers in clinical settings
results from their inhibition of acid secretion[1]. However,
several lines of evidence indicate that acid-independent
mechanisms may contribute to the antiulcer actions of
PPIs[9,10]. In the present study, the protective properties of
lansoprazole were examined in a rat model of mucosal injury
evoked by NSAIDs associated with high risk of adverse
digestive events in clinical practice[4]. The histomorphometric
analysis of gastric sections showed that the damaging effects
of test NSAIDs were prevented by lansoprazole, and
evidence was also obtained that the ability to interfere with
the oxidative and inflammatory injuries evoked by NSAID
treatment plays a relevant role in the gastroprotective action
of this benzimidazole derivative.
NSAIDs assayed in the present investigation elicited
areas of mucosal necrosis which were associated with
destruction of glandular architecture, submucosal edema,
and extensive infiltration by polymorphonuclear cells. This
pattern of gastric damage was also characterized by a marked
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Figure 6 Rats subjected to pylorus ligation. Effect of lansoprazole (LAN, 18
and 90 µmol/kg) on gastric acid secretion. Each column represents the mean
value obtained from six experiments ±SE(vertical lines). a P<0.05 vs the
control values.

Figure 7 8-Iso-PGF2α levels generated in vitro upon oxidation of native
LDLs by CuSO4, either in the absence (C, control) or in the presence of
increasing concentrations of lansoprazole (LAN). Each column represents the
mean value obtained from 5-6 experiments±SE (vertical lines). aP<0.05 vs
the control values.
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increase in mucosal MPO levels, regarded as a reliable
marker of tissue neutrophil infiltration, which occurred
together with an increment of mucosal MDA content and
a decrease in GSH concentration. MDA is an end product
resulting from peroxidation of polyunsaturated fatty acids
and related esters within cell membranes, and the
measurement of this substance represents a suitable index
of oxidative tissue injury[21]. On the other hand, sulfhydryl
compounds are involved in the maintenance of gastric
integrity, particularly when reactive oxygen species are
implicated in the pathophysiology of tissue damage[22,23].
Indeed, GSH participates in many aspects of oxidative
metabolism, including the neutralization of hydroperoxides
and the maintenance of the physiological sulfhydryl status
of proteins[23,24]. Overall, the present findings are consistent
with previous evidence indicating that NSAIDs, acting
through both local and systemic mechanisms, promote
ischemic and inflammatory alterations which result in gastric
neutrophil infiltration, release of oxygen metabolites, and
cell membrane peroxidation[1,3]. In particular, focal ischemia,
characterized by neutrophil adherence to vascular
endothelium, capillary congestion and intravascular fibrin
deposition, has been recognized as an early event in the
pathogenesis of NSAID-induced gastric oxidative injury,
and these alterations are further amplified by subsequent
tissue infiltration with polymorphonuclear cells, the activation
of which causes a massive release of reactive oxygen radicals
and other inflammatory mediators responsible for epithelial
damage[1,25]. In these respects, rat models, as that adopted
in the present study, can be regarded as predictive of
NSAID-induced gastric alterations occurring in clinical
settings, since gastric erosions elicited by aspirin in healthy
volunteers were accompanied by marked increments of
mucosal MPO activity and lipid peroxidation[5].
It is recognized that acid secretion can facilitate or
exacerbate the damage to gastric mucosa evoked by
exogenous agents, including NSAIDs, and acid suppression
is then regarded as the main target of most pharmacological
treatments designed to prevent or heal gastric ulcers[26].
However, NSAID-induced ulcers result mainly from
alterations of protective mechanisms, and some arguments
suggest that acid secretion may not represent a pivotal step
in the pathophysiology of NSAID gastropathy [1,3]. For
instance, achlorhydria does not protect patients against upper
digestive ulcers during NSAID use [27], and H 2 receptor
antagonists appear to be scarcely effective in preventing
NSAID-associated gastric ulcers under both experimental
and clinical conditions[28]. In the present study, NSAIDinduced gastric lesions were extensively prevented by
lansoprazole 90 µmol/kg, whereas rather weak effects were
detected with 18 µmol/kg, a dose shown to ensure a marked
blockade of acid secretion in pylorus-ligated rats. On these
bases, it can be proposed that acid-independent mechanisms
concur with inhibition of acid secretion for gastric protection
afforded by lansoprazole against NSAIDs. In particular,
since in our experiments lansoprazole prevented mucosal
MDA generation elicited by test NSAIDs, it is conceivable
that this drug is endowed with antioxidant properties
accounting for its gastroprotective actions.
At least two mechanisms can be advocated to explain
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the defence exerted by lansoprazole against gastric oxidative
damage associated with NSAID treatment, as this drug
might directly scavenge reactive oxygen species or interfere
with the oxidative metabolism arising from the activation of
polymorphonuclear cells. To address this issue, we carried
out a series of experiments on an in vitro model, and evidence
was obtained that lansoprazole directly protects native LDLs
from copper-induced oxidation. These results agree with
the experiments performed by Lapenna et al.[29], where
omeprazole was shown to significantly scavenge
hypochlorous acid as well as to inhibit iron- and copperdriven oxidative reactions in appropriate in vitro systems.
When taking into account indirect antioxidant mechanisms,
it is important to consider that the increased output of free
oxygen radicals, arising from activated polymorphonuclear
cells, requires the acidification of phagolysosomes, and
that such a process is accomplished by a proton pump
which is fully susceptible to blockade by benzimidazole
derivatives[30,31]. Indeed, omeprazole blocked the oxidative
burst of isolated polymorphonuclear cells[30,32]. In addition,
lansoprazole inhibited the output of free oxygen radicals
from neutrophils activated by Helicobacter pylori[33], and
counteracted the increase in plasma levels of peroxidated
lipids in patients with duodenal ulcer[34]. Overall, it can be
proposed that lansoprazole, acting via both direct and indirect
antioxidant mechanisms, protects the gastric mucosa against
oxidative injury caused by NSAID-induced focal ischemia
and neutrophil activation.
Sulfhydryl radicals take a significant part in mechanisms
deputed to the defence of tissues against oxidative injury,
and there is evidence to suggest that sulfhydryl donor drugs
can afford protection against gastric mucosal injuries elicited
by various necrotizing agents, stress or ischemia[22]. Adequate
levels of sulfhydryl compounds appear also to be an
important requirement for prevention of NSAID-induced
gastropathy, since previous reports showed that a mucosal
depletion of endogenous sulfhydryl radicals contributed to
the pathogenesis of gastric lesions evoked by different
NSAIDs[14,15], and GSH concentrations were significantly
decreased in mucosal bioptic specimens obtained from
patients with NSAID-induced gastric bleeding[35]. Consistent
with these observations, in the present study animals treated
with indomethacin or piroxicam displayed a marked
reduction in mucosal GSH levels, and in both cases the
decreasing action could be reversed by pretreatment with
lansoprazole. The latter finding can be interpreted in light
of the antioxidant properties of lansoprazole, through which
this drug is expected to preserve mucosal sulfhydryl
compounds from the excess of gastric scavenging activity
required to counteract NSAID-induced oxidation, and
therefore it is likely that an increased bioavailability of
endogenous sulfhydryls plays a significant role in the
prevention afforded by lansoprazole against gastropathy
associated with NSAID therapy. In keeping with this view,
lansoprazole was previously shown to interfere with the
decrease in mucosal GSH concentrations in a rat model of
gastric necrosis and oxidative injury caused by intraluminal
application of acidified ethanol[36].
The implication of prostaglandins in the antiulcer effects
of PPIs is currently debated. In previous studies in rat
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models, single-dose administration of lansoprazole did not
influence gastric prostaglandin production[36,37]. Furthermore,
omeprazole failed to affect the release of prostaglandins
from cultured gastric mucosal cells[38]. More recently, Tsuji
et al.[10], observed that, after a treatment course of 14 d,
lansoprazole promoted a gastrin-dependent increment of
both gastric COX-2 expression and PGE2 concentration in
rats. In the present study, a series of experiments was
designed to evaluate PGE2 levels and the expression of
COX isoforms in the gastric mucosa. PGE2 mucosal
concentrations were consistently decreased after
administration of test-NSAID, as expected, but such
inhibitory effects were not influenced by pretreatment with
lansoprazole. Moreover, indomethacin enhanced the
mucosal expression of COX-2, but not COX-1, in line
with previous findings[39], whereas the expression of both
isoforms was not modulated by lansoprazole neither in the
absence nor in the presence of indomethacin. Therefore,
lansoprazole does not appear to exert positive influences
on gastric PGE2 levels, at least upon blockade of COX
isoforms by NSAID treatment. In agreement with these
observations, omeprazole prevented indomethacin-induced
gastric ulcers in rabbits, without interfering with the
concomitant decrease in mucosal PGE2 formation[40].
In conclusion, the present results support the view that,
besides the inhibition of acid secretion, the protective effects
exerted by lansoprazole against NSAID-induced gastric
damage can be ascribed to a reduction of gastric oxidative
injury, which is also responsible for an increased
bioavailability of mucosal sulfhydryl compounds. It is also
suggested that lansoprazole does not exert any modulator
influence on the down-regulation of gastric prostaglandin
formation associated with NSAID treatment.
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Abstract
AIM: This report gives a comprehensive overview of
ultrasonography of splenic abnormalities. Certain ultrasonic
features are also discussed with pathologic correlation.
METHODS: We review the typical ultrasonic characteristics
of a wide range of splenic lesions, illustrating them with
images obtained in our institution from 2000 to 2003.
One hundred and three patients (47 men, 56 women),
with a mean age of 54 years (range 9-92 years), were
found to have an abnormal ultrasonic pattern of spleen.
RESULTS: We describe the ultrasonic features of various
splenic lesions such as accessory spleen, splenomegaly,
cysts, cavernous hemangiomas, lymphomas, abscesses,
metastatic tumors, splenic infarctions, hematomas, and
rupture, based on traditional gray-scale and color Doppler
sonography.
CONCLUSION: Ultrasound is a widely available, noninvasive,
and useful means of diagnosing splenic abnormalities. A
combination of ultrasonic characteristics and clinical data
may provide an accurate diagnosis. If the US appearance
alone is not enough, US may also be used to guide biopsy
of suspicious lesions.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
By structure and function, the spleen resembles two separate
organs combined in one. On the one hand, it is an organ of
the immune system, with the white pulp involved in the
maturation of lymphocytes and plasma cells and in the
generation of antibodies. On the other had, it has a phagocytic
role, with the red pulp removing particulate matter from
the blood and participating in the destruction of senescent
red blood cells. In early life the red pulp also plays a role in
hematopoiesis and the storage and sequestration of blood.
The length of the spleen is variable, averaging 11 cm[1].
The weight varies from 50 to 300 g, with an average of
150 g. The normal adult spleen decreases in size with age[2].
The normal appearance of the parenchyma on ultrasound
(US) is very homogeneous and uniform, with an echogenicity
slightly greater than that of normal hepatic parenchyma. In
comparison with other solid abdominal organs, the spleen
is relatively rarely the primary site affected by disease. By
contrast to the widely studied lesions of the liver, the US
appearance of disease in the spleen is rather nonspecific.
An understanding of the history and associated symptoms
may help narrow the differential diagnosis. The ability of
US to detect focal or diffuse splenic lesions depends on
numerous factors: spleen size; size, number, and echogenicity
of focal lesions; and ancillary adjacent findings.
MA
TERIALS AND METHODS
MATERIALS
Ultrasonographic data of abdominal imaging with a diagnosis
of splenic abnormalities from 2000 to 2003 at Mackay
Memorial Hospital were reviewed retrospectively. In this
period, 103 patients (47 men, 56 women), with a mean age
of 54 years (range 9-92 years), were found to have an
abnormal US pattern of spleen (exclusion of splenomegaly in
patients with cirrhosis and thalassemia) from about 100 000
US evaluations. The indications for patient to undergo
abdominal US were abdominal pain referred from emergency
room in 13% of evaluations, abdominal relating symptoms
referred from ordinary wards or intensive care units in 11%
of evaluations, screening of viral hepatitis, abnormal liver
function, liver cirrhosis, hepatoma or other malignancy
referred from out-patient departments in 76% of evaluations.
The spleen was scanned by a real time ultrasound using a
3.5 to 6 mHz transducer and color Doppler imaging was
applied in some cases. The final diagnosis of each lesion in
our patients was determined by pathologic, bacteriology
examination or clinical history and serial imaging study.
RESUL
TS
RESULTS
These 103 splenic abnormalities were accessory spleen in 5
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patients, true cysts in 22 and pseudocysts in 9 patients,
splenic calcification and Gamna-Gandy bodies in 10
patients, cavernous hemangiomas in 15 patients, abscesses
is 8 patients, lymphomas in 8 patients, metastatic tumors in
5 patients, splenic infarctions in 10 patients, hematomas
and rupture in 11 patients.
Diseases of the spleen
Congenital abnormalities Some congenital anomalies
of the spleen are common, such as splenic lobulation and
accessory spleen, while other conditions are rare, such as
wandering spleen[3] and polysplenia[4]. Failure of fusion of
splenic tissue results in the formation of an accessory spleen.
US appearances usually present as a homogenous, less than
4 cm round contour near the hilum and an echogenicity
identical to that of adjacent spleen. Pathologic processes
affecting the spleen also affect the accessory spleen,
indicating that they have the same developmental origin
(Figure 1). An intrapancreatic or intrahepatic accessory
spleen is a homogenous mass in the parenchyma of the
pancreas or liver that may mimic a neoplastic lesion[5,6]. As
it poses no danger, accurate diagnosis is necessary to avoid
unnecessary treatment. The diagnosis of ectopic splenic
tissue is best made by technetium-99m colloid scintigraphy[7].
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spleen suggests lymphoma, metastases, or abscesses.
Splenic calcification and Gamna-Gandy bodies Foci
of hemosiderin and calcium deposits in the splenic
parenchyma secondary to intraparenchymal hemorrhage are
called Gamna-Gandy bodies (Figure 2). They are commonly
seen in patients with liver cirrhosis and portal hypertension
and are also found in patients with splenic vein thrombosis,
hemolytic anemia, hemochromatosis, or trauma[10]. Echogenic
foci with acoustic shadowing indicating calcification are found
in chronic granulomatous infections such as tuberculosis,
harmatomas, sickle cell disease[11] and trauma.

Figure 2 Multiple tiny calcified spots involving almost the entire spleen are
found in a 58-year-old female with liver cirrhosis, called Gamna-Gandy bodies.
CYST
SPLEEN
AS
CYST
K

Figure 1 There is a homogenous, round contour near the hilum, identified as an
accessory spleen (AS) in a 62-year-old female. One anechoic cyst is noted
within the accessory spleen. The pathologic process affecting the spleen (small
cyst) also affects the accessory spleen (large cyst).

Splenomegaly and portal hypertension As the spleen
is an irregularly shaped organ, no completely satisfactory
technique has been developed to measure the volume
accurately. Estimating the volume with the formula 0.524
×W×T×(ML+CCL)/2 (where ML = maximum length,
W = width, T = thickness, and CCL = craniocaudal length)
provides better overall accuracy[8]. The differential diagnosis
for splenomegaly includes infection, portal hypertension,
storage disorders, blood dyscrasias, and neoplasm. Mild
splenomegaly can be seen in infections and portal
hypertension. Moderate splenomegaly suggests leukemia,
lymphoma, or infectious mononucleosis. Massive splenomegaly
is seen in myelofibrosis or chronic myeloid leukemia. The
presence of portosystemic collateral vessels, ascites, and
cirrhosis of the liver indicates portal hypertension[9]. The
presence of space-occupying lesions within an enlarged

Splenic cysts Splenic cysts are rarely seen, but they are
still probably the commonest splenic lesions. They are much
less common than those arising in the kidney, liver, or ovary.
They can be true cysts, pseudocysts, or hydatid cysts. The
true cyst, also known as an epidermoid cyst, is defined by
the presence of an inner endothelial lining. Pseudocysts that
lack such a lining are usually secondary to old trauma, a
resolved infection, or infarction. Hydatid cysts are formed
by the larval stage of the dog tapeworm Echinococcus
granulosus. Simple cysts pose less diagnostic problems if they
have the classic ultrasonic features of being anechoic and
thin-walled with posterior echo enhancement. Splenic cysts
usually are located completely within the spleen, thus
differing from hepatic or renal cysts which may have an
exophytic component. Infection or hemorrhage may cause
debris and echogenic contents within thick-walled
pseudocysts (Figure 3). Brightly foci with acoustic shadow
due to calcification within the wall is also a correlative US
feature to pseudocysts. A rare complication of pancreatic
pseudocyst may be erosion into the adjacent spleen, where
it mimics a huge simple splenic cyst (Figure 4). Rupture of
an intrasplenic pancreatic pseudocyst can result in massive
hemoperitoneum. Miele stated that internal septa are more
frequent in true cysts while parietal calcifications are typical
of pseudocysts[12]. However, the final diagnosis is made
histologically.
Splenic abscess A splenic abscess is a collection of pus,
most commonly caused by hematogenous spread of infection
from elsewhere. Intravenous drug abusers are predominantly
affected. Other causes include penetrating wounds or
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complications of a hematoma resulting from infarction or
trauma. A pyogenic abscess is typically hypoechoic and often
has thick, irregular walls. Other findings include gas,
progressive enlargement of the lesion, subcapsular extension
and collections of extracapsular fluid[13]. If gas has formed
within the abscess, hyperechogenicity with distal dirty shadowing
can be seen. Through transmission indicates the cystic nature
of an abscess even when it contains echogenic material.
Color Doppler examination may reveal hypervascularity in
the thick wall. The clinical triad suggestive of splenic abscess
consists of fever, left upper quadrant pain, and leukocytosis.
The typical triad was seen in 44% of patients in one series
of 34 cases[14]. Although splenic abscess is rare, there is a
high mortality if diagnosis and treatment are delayed.
Percutaneous drainage of a single abscess and splenectomy
for multiple abscesses are recommended. Fine-needle
aspiration is useful when an abscess is suspected, as this
may confirm the diagnosis as well allowing culture of the
pathogen. In the series noted above, multiple or gascontaining abscesses had a poor prognosis[14].
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incidentally. The US appearance varies widely from a
predominately solid to mixed to a pure cystic lesion.
Hemangiomas usually have a periphery and a hypoechoic
center with a through transmission character similar to
cavernous hemangioma of the liver. Color Doppler may
show blood flow within the solid portions. Atypical features
are commoner in larger lesions and include heterogeneous
echogenicity with hypoechoic areas due to necrosis,
hemorrhage, and thrombosis (Figure 5). Rarely, hemangiomas
may be large or multiple and can involve the whole spleen
(Figure 6). The most frequent complications are rupture
and bleeding. Although up to 14% of patients in autopsy
series have been reported to have splenic hemangiomas[2],
but they are less frequently identified on imaging.

Figure 5 An atypical hemangioma can have mixed echogenicity with a
dominant cystic portion. Mild through transmission points to the cystic nature of
the hemangioma.

Figure 3 A pseudocyst cyst of the spleen after trauma reveals debris or
echogenic contents within the thick wall (arrows) in a 60-year-old female.

Figure 6 Large and multiple hemangiomas occupy the entire spleen. The
hypoechoic areas shown in Figure 5 are filled with blood clots and thrombosis.
The 48-year-old male received splenectomy due to LUQ pain caused by
venous thrombosis in spleen.

Figure 4 Pancreatic pseudocyst eroding into the adjacent spleen and mimicking
a huge splenic simple cyst was noted after an episode of acute alcoholic
pancreatitis in a 32-year-old male patient.

Hemangioma A hemangioma is characterized by a
proliferation of blood-filled spaces lined and separated by
endothelium. Cavernous hemangiomas are the most
common solid benign lesion seen in the spleen and are found

Lymphoma Primary malignant tumors of the spleen are
uncommon, with primary lymphoma and angiosarcoma
being the most frequently reported. Splenomegaly is a
frequent finding in lymphoma, but a normal sized spleen
does not exclude the diagnosis [15] . The US patterns
correspond to the three macroscopic morphologies: (1)
infiltrative and diffuse, (2) miliary and nodular, and (3) focal
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and cyst-like (Figure 7) [16]. In cyst-like lymphoma, the
appearance of a distinct boundary is an important clue in
distinguishing lymphoma from cyst[17]. Indistinct boundary
echo pattern indicated splenic lymphomas. Hodgkin and
non-Hodgkin lymphoma can not be distinguished by the
US appearance.
Metastatic tumor Metastatic involvement of the spleen
is very uncommon, usually seen in patients with widespread,
terminal malignant disease. The most frequent metastases
arise from lymphoma and melanoma, followed by carcinoma
of the ovary, breast, lung, and stomach in decreasing order
of frequency[2]. Target lesions with a hypoechoic halo suggest
metastasis (Figure 8). This appearance is said to be a sign
of aggressive behavior, but other authors have postulated
that it is due to necrosis or hemorrhage. Miliary tuberculosis,
atypical mycobacteria, and pneumocystis carinii, especially in
immunocompromised patients, can also result in multiple
hypoechoic focal lesions[18]. These should be differentiated
from splenic metastases.
Splenic infarction Infarction can result from either
occlusion of the splenic artery or venous thrombosis in the
splenic sinusoids. Splenic infarction is typically seen in
patients prone to embolic phenomena or, more recently, as
a complication of transcatheter arterial embolization of a
hepatoma. In splenic vein thrombosis, the entire spleen may
be involved, resulting in massive splenomegaly. US typically
show a peripheral, wedge-shaped region of hypoechogenicity

A
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(Figure 9). Color Doppler imaging may show a lack of
perfusion; however, the presence of flow within a lesion
does not exclude the diagnosis because the embolus may
subsequently lyse. Splenic infarcts may initially be large and
then become small and echogenic as fibrosis occurs.
Hematoma and rupture The spleen, liver, and kidney
are the three intraperitoneal organs most commonly injured
by blunt trauma. If the capsule of the injured spleen remains
intact, an intraparenchymal or subcapsular hematoma
(Figure 10) may result. Echogenicity of a hematoma depends
on the stage at which the scan was performed. Fresh blood
is liquid and initially echo-free but over the course of several
days becomes more echogenic and thus more difficult to
identify. Free fluid in the left upper quadrant is strongly
suggestive of splenic injury, which must be excluded in
such a case [19]. Less frequently, a splenic laceration or
rupture is identified as a blood-filled cleft with capsular
rupture. (Figures 11 and 12).
Biopsy procedures In many cases, pathologic confirmation
is necessary to provide a definitive diagnosis. The traditional
dry cytologic aspiration is relatively safe but provides only a
small sample. Siniluoto et al. reported false-negative results
for malignancy is about 31% of biopsies using a 22-gauge
fine needle aspiration technique[20]. Core-needle biopsies with
and 18 or 20-gauge cutting-biopsy needle may increase the
diagnostic accuracy by obtaining a sufficiently large

B

Figure 7 An enlarged spleen (A) demonstrates a diffusely coarse echotexture
with several mixed echoic lesions (B) in a 58-year-old male patient.

Figure 9 A peripheral wedge-shaped hypoechoic region (arrows) was noted
at the upper pole of spleen from an infarction after transcatheter arterial embolization
in a 45-year-old male with hepatoma.

Figure 8 Splenic metastasis from a lung carcinoma in a 68-year-old male is
seen as a hypoechoic mass with a target sign.

Figure 10 A subcapsular crescent-shaped hypoechoic lesion is noted at the
upper pole of spleen.

Chen MJ et al. Ultrasonography of splenic abnormalities

specimen. And Katsumi et al.[21], reported the safety of this
procedure in four cases. All procedures should be carefully
planned in advance to avoid hitting the intestine, pancreas,
kidneys or pleura as the needle is advanced. Color Doppler
imaging helps avoid passing the needle through a large vessel.
Endoscopic ultrasound-guided fine needle aspiration may
be used in if the lesion is adjacent to the hilum or too small
for a CT- or US-guided biopsy. A linear echo endoscope
and 22-gauge needles are used to obtain specimens for
cytology[22]. To avoid unnecessary morbidity and mortality,
laparotomy and splenectomy for pathologic confirmation
should be used only when absolutely required.

SPLEEN

Figure 11 Several linear hypoechoic foci and a subcapsular fluid accumulation
are noted in a spleen. Loss of the normal architecture was seen after a traffic
accident in a 38-year-old male.

Figure 12 A splenic laceration and rupture (in Figure 11) is identified as a bloodfilled cleft (lower arrow) and capsular rupture (upper arrow) on contrast CT.

DISCUSSION
Because splenic abnormalities are relatively rare, the clinician
is unlikely to be as familiar with them as with those of the
liver. Although some of the experience gained with hepatic
US is useful in examining the spleen, there are some
differences that must be noted. The classic US finding of
posterior echo enhancement suggesting a cyst in the liver
or kidney is noted in only 25% of splenic cysts according
to Ishida[17] and in our experience (6/22) as well. While the
reason for this discrepancy is not known for sure, Ishida
suggested it might relate to differences in the acoustic
patterns of the parenchyma of the two organs[17]. Splenic
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cysts are reportedly located completely within the spleen,
and we have never found one of 28 cases that extends
outside the capsule. Because the spleen is closely surrounded
by other organs, it might be difficult for an exophytic cyst
to develop. Another difference is that cystic portions occur
more commonly and prominently in splenic hemangiomas
compared with liver hemangiomas, which are more likely
to be solid, in contrast with the variable appearance of
hemangiomas in the spleen.
While there have been to differentiate benign from
malignant focal lesions in the spleen based on US appearance,
the results have been disappointing. There is too much
overlap between the echo patterns[23]. Therefore, US should
be supplemented with other diagnostic techniques in such
cases. However, certain criteria have been proposed that
are at least suggestive. For example, malignant lesions are
more likely to be multifocal, as with metastatic lesions, or
to be diffuse and ill defined because of rapid growth. A
soft tissue lesion associated with calcification usually indicates
a long term process. Gas in the parenchyma usually originates
from bacterial infection and indicates benign disease. Wan
et al. said that solitary lesions with an anechoic pattern or
echogenic foci with gas or calcification are more likely benign,
while multifocal or diffuse solid lesions associated with a
target sign or extrasplenic abdominal masses are suggestive
of malignancy[24].
Over the past decade, great efforts have been made to
improve both tissue harmonic imaging and contrast
sonography. The former is a gray-scale imaging technique
that uses information from harmonic signals generated by
non-linear propagation. This minimizes artifacts from the
body, side lobe, and scatter and thus improves the signalto-noise ratio. Contrast imaging uses gas microbubbles[25],
which has dramatically extended the ability of liver US to
assess blood flow in a tumor[26]. Preliminary experience with
this modality has produced spleen-specific enhancement[27].
Thorelius et al. suggested that contrast enhanced sonography
might be useful in the detection of lesions in which blood
flow is reduced such as infarctions, hematomas, necrotic
tissue, and non-vascular cysts in the spleen[28].
In conclusion, US is a widely available, noninvasive, and
useful means of diagnosing splenic abnormalities. A
combination of ultrasonic characteristics and clinical data
may provide an accurate diagnosis, particularly for such
disorders as hemangiomas, splenomegaly secondary to portal
hypertension, simple cysts, malignant lesions with a target
sign, or lesions associated with other obvious intra-abdominal
pathology. In many cases, pathologic confirmation is
necessary to make a definitive diagnosis. Fine needle
aspiration, core-needle cutting biopsy, and endoscopic
ultrasound-guided fine needle aspiration have been
developed to assist diagnosis.
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Abstract
AIM: To systematically evaluate the efficacy of H2-receptor
antagonists (H2RAs) and proton pump inhibitors in healing
erosive esophagitis (EE).
METHODS: A meta-analysis was performed. A literature
search was conducted in PubMed, Medline, Embase, and
Cochrane databases to include randomized controlled
head-to-head comparative trials evaluating the efficacy
of H2RAs or proton pump inhibitors in healing EE. Relative
risk (RR) and 95% confidence interval (CI) were calculated
under a random-effects model.
RESULTS: RRs of cumulative healing rates for each
comparison at 8 wk were: high dose vs standard dose H2RAs,
1.17 (95%CI, 1.02-1.33); standard dose proton pump
inhibitors vs standard dose H2RAs, 1.59 (95%CI, 1.44-1.75);
standard dose other proton pump inhibitors vs standard
dose omeprazole, 1.06 (95%CI, 0.98-1.06). Proton pump
inhibitors produced consistently greater healing rates than
H2RAs of all doses across all grades of esophagitis, including
patients refractory to H2RAs. Healing rates achieved with
standard dose omeprazole were similar to those with other
proton pump inhibitors in all grades of esophagitis.
CONCLUSION: H2RAs are less effective for treating patients
with erosive esophagitis, especially in those with severe
forms of esophagitis. Standard dose proton pump inhibitors
are significantly more effective than H2 RAs in healing
esophagitis of all grades. Proton pump inhibitors given at

the recommended dose are equally effective for healing
esophagitis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastro-esophageal reflux disease (GERD) is one of the
most common chronic conditions affecting 20-40% of adult
populations and has a major adverse impact on the quality
of life[1-3]. About 40-60% of patients with symptoms of
GERD may have substantial injury of esophageal mucosa
ranging from mild inflammation and erythema to various
grades of erosions. The major complications of GERD are
esophageal ulcer and bleeding, esophageal stricture, and
Barrett’s esophagus[1-4].
Reflux esophagitis is generally considered to be the result
of prolonged and repeated exposure of the distal esophageal
mucosa to acidic gastric contents[5,6]. It is increasingly clear
that the key to reducing symptoms and to healing erosive
esophagitis is to decrease the duration of exposure to the
acidic refluxate. Acid-suppressing drugs that have been used
to treat GERD include H2-receptor antagonist (H2RAs) and
proton pump inhibitors. The efficacy of medical treatment
depends on the ability to increase and maintain the intragastric
and intra-esophageal pH above 4.0 over the 24-h period[7,8].
H2RAs are limited in their ability to inhibit postprandial gastric
acid secretion and are ineffective in controlling reflux symptoms
and healing esophagitis[9,10]. In contrast to H2RA, proton
pump inhibitors block the final step of acid secretion,
resulting in a profound and long-lasting acid suppression
regardless of the stimulus[11,12]. Results from 33 randomized
clinical trials with over 3 000 patients showed that symptomatic
relief could be anticipated in 83% of proton pump inhibitorstreated patients compared with 60% of patients receiving
H2RAs. Similarly, esophagitis was healed in 78% and 50%
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of patients treated with proton pump inhibitors and H2RAs,
respectively[13]. Previously there have been several systematic
reviews and meta-analyses of clinical trials assessing the
effects of medical treatments for erosive esophagitis[14-17].
Chiba and colleagues[14], and Caro and colleagues[15] compared
the effectiveness of proton pump inhibitors and H2RAs in
the healing of esophagitis, whereas the comparative efficacy
among proton pump inhibitors was analyzed by Sharma
et al.[16], and Edwards et al.[17]. However, comparison of the
effects between treatments with proton pump inhibitors and
H2RAs in patients with esophagitis has been difficult because
of the difference in the study design. For example, studies
included in the previous meta-analyses were not all headto-head comparative trials[14,15]. The overall estimates of
healing rate calculated by one-step pooling from different pairs
of comparatives, may produce bias due to the ignorance
of study differences such as sample size and differential
difference in effect sizes. In addition, healing of esophagitis
is significantly influenced by the initial grade of esophagitis,
with healing rate being lower for the severe form of
esophagitis than for the mild form of esophagitis[18-20]. However,
no meta-analysis has been published to systematically evaluate
the impact of the initial grading of esophagitis on esophagitis
healing rates in head-to-head comparative trials. Therefore,
the objectives of the current study were firstly to evaluate
any difference in healing erosive esophagitis between proton
pump inhibitors and H2RAs in head-to-head comparative
trials, and secondly to estimate the impact of baseline grade
of esophagitis on esophagitis healing rates.

MA
TERIALS AND METHODS
MATERIALS
Literature search
A computerized literature search was performed in the
PubMed, Medline, Embase and Cochrane databases for
clinical trials published in English up to May 2004 with the
following MeSH terms and/or text words in various
combinations: gastroesophageal reflux, GERD, GORD,
esophagitis, and healing, as well as the name of each
respective drug (H 2-receptor antagonists: cimetidine,
ranitidine, famotidine, nizatidine, roxatidine; proton pump
inhibitors: omeprazole, lansoprazole, pantoprazole, rabaprazole, esomeprazole). The title and abstract of all potentially
relevant studies were screened for their relevance before
retrieval of full articles. Full articles were also scrutinized for
relevance if the title and abstract were ambiguous. Fully
recursive searches were performed from the reference list
of all retrieved articles to ensure a complete and comprehensive
search of the published literature. All searches were
conducted independently by at least two reviewers.
Study selection
The inclusion criteria were as follows: (1) Randomized,
controlled clinical trials in adults with an endoscopically
confirmed diagnosis of GERD. (2) Two or more treatment
arms: high dose vs standard dose H2RA, or an H2RA vs a
proton pump inhibitor, or a proton pump inhibitor vs a
proton pump inhibitor. (3) Healing of esophagitis was
documented by endoscopy. (4) Studies with explicit information
about the number of patients treated in each group, drug
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dosage and schedule, and healing rate of esophagitis.
We excluded studies that only assessed symptom relief
without endoscopic documentation of esophagitis healing.
Also excluded were studies dealing only with relapsed or
recurrent esophagitis, studies of pediatric patients, duplicate
publications or studies published only in abstract form, or
those focusing on pharmacokinetics and pharmacodynamics.
Combination treatments such as an anti-secretory agent and
a prokinetic drug were also excluded.
Data extraction
Data was extracted from each study independently and
entered into a computerized database. Differences were
resolved by discussion to reach consensus between the
reviewers. The information retrieved covered country of
study, study design, characteristics of population, grading
of esophagitis, treatment regimen, number of patients
treated, evaluated and healed, and confounding variables
such as alcohol use, cigarette smoking, and caffeine use,
where applicable. Healing data, up to 12 wk were extracted
for both intention-to-treat (ITT) and per-protocol (PP) analyses.
Data on healing based on the initial grade of esophagitis
were also extracted, if applicable. In studies where only
per-protocol healing rates were reported, we calculated the
ITT healing rates based on the initial randomized number
of patients. Articles that did not specify the type of analysis
were assumed to report per-protocol data.
Quality assessment
Study quality was assessed by a series of validity criteria,
including study design, level of blinding, method of
randomization, patient selection, baseline characteristics,
severity of esophagitis, definition of healing, compliance,
and analysis by intention to treat criteria. Discrepancies in
quality assessment were resolved by consensus among the
authors. No quality score was assigned to any study to avoid
possible introduction of subjectivity by the authors.
Statistical analysis
The data were grouped as follows: high dose vs standard
dose H2RAs; proton pump inhibitors vs H2RAs, or one proton
pump inhibitor vs another proton pump inhibitor. We defined
standard dose of each drug as: ranitidine 300 mg/d, famotidine
40 mg/d, nizatidine 300 mg/d, cimetidine 800 mg/d,
omeprazole 20 mg/d, lansoprazole 30 mg/d, pantoprazole
40 mg/d, rabeprazole 20 mg/d, esomeprazole 40 mg/d.
The newer proton pump inhibitors include lansoprazole,
pantoprazole, rabeprazole and esomeprazole.
The outcomes considered were healing rates of
esophagitis for each group at different time points (2, 4, 6, 8,
and 12 wk), based on initial grade of esophagitis, if applicable.
Healing rate was calculated by pooling raw data from
qualified studies within each group. These data were then
expressed as a healing-time curve that plotted the cumulative
percentage of patients healed vs the end point in weeks.
Relative risk (RR) and 95% confidence interval (CI),
under a random-effects model[21], were calculated using raw
data of the selected studies at specified time points (2, 4, 6,
8, and 12 wk). The potential effect of publication bias was
assessed using a funnel plot suggested by Egger et al.[22].
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RESUL
TS
RESULTS
Study characteristics
We identified a total of 485 citations with the computerized
search. Screening of the title and abstract of the citations
identified 72 potentially relevant studies for full article retrieval.
Of these, 52 studies met the inclusion criteria[19,20,23-72], and
20 studies were subsequently excluded for the following
reasons: 17 were not head-to-head comparative studies[73-89],
1 duplicate publication [90], 1 without raw data [91], and 1
with a confusing treatment allocation [92]. The manual
search of the reference list of the retrieved articles did
not yield any additional studies. Of the 52 studies, the
majority were double blind studies (51/52, 98.1%). Ten
(19.2%) compared high dose H 2RA with standard dose
H2RA[23-32], 26 (50.0%) compared a proton pump inhibitor
with an H2RA[33-57,71], and 16 (30.8%) compared a proton pump
inhibitor with another proton pump inhibitor[19,20,58-70,72]. Only
25 (48.1%) reported raw healing data by the initial grade of
esophagitis[19,20,23,24,30,32,35,38,43-47,49,52,53,55-58,60,61,69-71].
The proportion of patients with a smoking history was
reported in 61.5% of studies, alcohol consumption was
reported in 48.1% of studies. The initial grade of esophagitis
was reported in 58% studies. However, only 48.1% studies
provided raw data on healing by the initial grade of
esophagitis.

indicating that high dose H2RAs healed significantly more
esophagitis than did standard dose H2RAs (Table 1).
No comparative study reported data on the healing of
esophagitis at 2 wk. Only one study[29] reported healing rates
at 3 wk, of 17.2% (29/169) for high dose H2RAs and 19.6%
(33/168) for standard dose H 2RAs (RR 0.87, 95%CI
0.56-1.37) (Table 1).
Proton pump inhibitors vs H2RAs There were 14 studies
with 28 treatment arms comparing standard dose proton
pump inhibitors (n = 861 patients) with standard dose H2RAs
(n = 752 patients)[33-45,71]. The pooled healing rates achieved
with the standard dose proton pump inhibitors were superior
to that of H2RAs at all given time points (Table 2). Similar
findings were observed when the comparison was made
between high dose H2RAs (n = 234 patients) and the standard
dose proton pump inhibitors (n = 237 patients)[50,51] (Table 2).
Three studies compared low dose proton pump inhibitors
(n = 279 patients) with standard dose H2RAs (n = 276
patients) for healing esophagitis[52,53,71]. The pooled healing
rates of the low dose proton pump inhibitors were higher
than that of the standard dose H2RAs at both 4 and 8 wk
(Table 2).
Omeprazole 20 mg daily vs other proton pump inhibitors
Eleven studies with 23 treatment arms reported comparative
results on the healing of esophagitis between omeprazole
20 mg daily (n = 3 137 patients) and other proton pump
inhibitors at standard doses (n = 3 397 patients)[20,59-68]. No
significant difference in the healing rate was observed
between omeprazole 20 mg daily and other proton pump
inhibitors at 2-8 wk (Table 3).
The esophagitis healing time curves are depicted in
Figures 1-3. As shown in Figure 1, high dose H2RA achieved
higher healing rates than standard dose H2RA. However,
the healing rate achieved with standard dose proton pump
inhibitors at 2 wk was even higher than that of H2RAs at
wk 8 (63.4% vs 52.0%), suggesting that proton pump
inhibitors healed esophagitis significantly faster than did
H2RAs (Figure 2). Similar healing rates were also observed
when the newer proton pump inhibitors were compared
with omeprazole 20 mg daily (Figure 3).

Healing of esophagitis
High dose H2RAs vs standard dose H2RAs Ten studies
involving 27 treatment arms compared high dose (n = 2041
patients) with standard dose H2RAs (n = 1967 patients)[23-32].
Table 1 summarizes the pooled healing rates of esophagitis
in patients treated with high dose H2RAs vs standard dose
H2RAs. Statistical significance was achieved at 4, 8 and 12 wk,

Refractory esophagitis
Refractory esophagitis was defined as treatment failure with
a standard dose of H2RAs given for at least 12 wk[55-57].
Three studies compared the effectiveness of proton pump
inhibitors with ranitidine for the treatment of refractory
esophagitis [55-57] (Table 4). Two of them reported that
lansoprazole 30 mg daily achieved significantly higher healing

Statistical heterogeneity between studies was assessed using
the Q value calculated from the Mentel-Haenszel method.
In the presence of statistical heterogeneity, we searched for
the sources of any possible clinically important heterogeneity,
i.e., methodological or biological heterogeneity. We did not
simply exclude outliers on the basis of statistical test of
heterogeneity. Furthermore, to test the robustness of the
analysis, we performed sensitivity analyses to evaluate
whether exclusion of a single study substantially altered the
result of the summary estimate.
All analyses were carried out using EasyMa software
for meta-analysis written by M Cucherat, Lyon, France
(EasyMa, 2001).

Table 1 Healing rate of esophagitis by ITT with standard dose vs high dose of H2RA at 3, 4, 6, 8, 12 wk
3-wk

4-wk

6-wk

8-wk

1
29/169

5
297/669

9
607/1 294

5
413/669

12
1 142/1 729

Pooled healing rate (%)
Pooled data

17.2
33/168

44.4
198/573

46.9
584/1 361

61.7
309/573

66.0
920/1 520

Pooled healing rate (%)

19.6
0.874

34.6
1.281

42.9
1.096

53.9
1.165

60.5
1.084

0.557-1.371

1.036-1.583

0.930-1.293

1.020-1.329

Number of comparisons
High dose
Pooled data
Standard dose
Summary RR
95% CI
ITT, intention-to-treat analysis; No, number; RR, relative risk; 95%CI.

12-wk

1.019-1.152
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Figure 1 Healing-time curve of esophagitis in patients treated with H 2RA.
Statistical significance was achieved at 4, 8, and 12 wk, indicating that high
dose H2RAs achieved significantly better healing rates for erosive esophagitis
than standard dose H2RAs.

0

2

4
Time (wk)

8

Figure 3 Healing-time curve of esophagitis in patients treated with standard
dose of the newer proton pump inhibitors vs omeprazole. No significant difference
in the pooled healing rates between the newer proton pump inhibitors and
omeprazole was observed.

other study indicated that treatment with high dose
omeprazole (40 mg/d) in patients refractory to H2RAs
therapy significantly improved esophagitis healing when
compared to high dose ranitidine (600 mg/d) (RR 3.69,
95%CI 2.30-5.90 at 4 wk; and RR2.03, 95%CI 1.54-2.67
at 8 wk)[57].

H2RA

100

Cumulative healing
rate (%)

Cumulative healing
rate (%)

80

80
60
40
20
0

0

2

4

8

Time (wk)
Figure 2 Healing-time curve of esophagitis in patients treated with standard
doses of proton pump inhibitors vs H2RAs. At wk 2, 4, 8, proton pump inhibitors
significantly healed more patients than did H2RAs.

rates than ranitidine 300 mg, daily at 4 wk (RR 1.38; 95%CI
1.31-1.83) and 8 wk (RR 2.54; 95%CI 1.86-3.46)[55,56]. The

Healing by initial grade of esophagitis
Twenty-five studies[19,20,23,24,30,32,35,38,43-47,49,52,53,55-58,60,61,69-71] with
54 treatment arms provided raw data on healing by the initial
grade of esophagitis (Tables 5-7). Because data by intentionto-treat analysis were not available from the majority of
trials, the healing rate by per-protocol analysis was therefore
used.
When the healing rate was adjusted according to the
initial severity of esophagitis, no significant differences in
the healing rates was observed when patients with the severe

Table 2 Healing rate of esophagitis by ITT at 2, 3, 4, 8, 12 wk comparing proton pump inhibitors (PPIs) with H2RA
PPIs

sd PPIs vs sd H2RA
Number of arms
Pooled data
Pooled healing rate (%)
Summary RR
95%CI
hd PPIs vs sd H2RA
Number of arms
Pooled data
Pooled healing rate (%)
Summary RR
95%CI
sd PPIs vs hd H2RA
Number of arms
Pooled data
Pooled healing rate (%)
Summary RR
95%CI
ld PPIs vs sd H2RA
Number of arms
Pooled data
Pooled healing rate (%)
Summary RR
95%CI

H2RA

2-wk

4-wk

8-wk

12-wk

2-wk

4-wk

2
116/183
63.4
1.759
1.398-2.213

13
577/824
70.0
1.832
1.622-2.070

12
640/783
81.7
1.586
1.438-1.749

4
150/204
73.5
1.722
1.464-2.027

4
175/201
87.1
1.623
1.417-1.859

2
60/163
36.8

13
271/713
38.0

12
350/673
52.0

4
79/211
37.4

4
106/207
51.2

2
152/235
64.7
1.744
1.442-2.110

2
208/235
88.5
1.336
1.206-1.481

2
87/234
37.2

2
155/234
66.2

3
187/279
67.0
1.605
1.156-2.229

3
219/279
78.5
1.374
1.081-1.744

3
120/276
43.5

3
161/276
58.3

1
72/80
90.0
1.488
1.230-1.800

hd: high dose; sd: standard dose; ld: low dose; ITT, intention-to-treat analysis; No., number; RR, relative risk; 95% CI, 95% CIs.

8-wk

12-wk

1
49/81
60.5
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Table 3 Healing rate (ITT) of esophagitis at 2, 4, 8 wk comparing PPIs with omeprazole
Other PPIs

Omeprazole

2-wk

4-wk

8-wk

2-wk

4-wk

8-wk

Number of arms
Pooled data

1
264/421

12
2 615/3 412

12
3 050/3 411

1
257/431

12
2 229/3 217

12
2 719/3 216

Pooled healing rate (%)
Summary RR

62.7

76.6

89.4

59.6
1.052

69.3
1.044

84.5
1.061

0.945–1.171

0.983-1.109

0.979-1.055
2
707/811

sd PPIs vs sd Omeprazole

95%CI
ld PPIs vs sd Omeprazole
Number of arms
Pooled data

2
590/822

2
724/822

2
551/811

Pooled healing rate (%)
Summary RR

71.8

88.1

67.9
1.026

95%CI
sd PPIs vs hd Omeprazole

87.2
0.981

0.904-1.164

0.870-1.105

Number of arms
Pooled data

2
310/440

1
284/337

2
302/434

1
282/332

Pooled healing rate (%)
Summary RR

70.5

84.3

69.6
1.031

84.9
0.985

0.937-1.015

0.883-1.099

95%CI
hd: high dose; sd: standard dose; ld: low dose; ITT, intention-to-treat analysis; No., number; RR, relative risk; 95% CI, 95% CIs.

Table 4 Healing rate of refractory esophagitis at 2, 4, 6, 8, 12 wk comparing PPIs with H2RA
PPIs
Number of
Author
sd PPIs vs sd H2RA
Feldman (55)
Sontag (56)
Pooled data
Pooled rate (%)
hd PPIs vs hd H2RA
Lundell (57)

Drug

Dose

Patient

Lan
Lan

30 o.d.
30 o.d.

61
105
166

Ome

40 o.d.

51

H2RAs
Healing rate ( ITT )
4 wk

8 wk

Number of

12 wk

54/61
75/105 84/105
75/105 138/166
71.4
83.1
32/51

35/51

46/51

Drug

Dose

Patient

Ran
Ran

150 b.d.
150 b.d.

32
54
86

Ran

300 b.d.

47

Healing rate ( ITT )
4 wk

8 wk

28/54
28/54
51.9

12/32
16/541
28/86
32.6

8/47

18/47

12 wk

22/47

Ome: omeprazole; Lan: lansoprazole; Ran: ranitidine; o.d.: once daily in the morning; b.d.: twice daily; h.d.: high dose; sd: standard dose. †This study did not report
cumulative healing rate at 8 wk. All patients’ endpoint was at 8 wk. The decreased healing rate at 8 wk for ranitidine group may be due to subsequent relapse of esophagitis.

of esophagitis, irrespective of the dose and duration of
treatment (Table 6). With a wide range of CI, the superiority
of proton pump inhibitors over H2RAs was even greater
when the initial grade of esophagitis was considered in
studies of patients with refractory esophagitis (Table 6)
despite that one study reported the same effects on grade I
esophagitis at 12 wk, when omeprazole 40 mg daily was
compared with ranitidine 300 mg daily[47]. The healing rates

form of esophagitis ( grade III) were treated with either
high dose or standard dose H2RAs. However, a significant
difference was obser ved for patients with grade II
esophagitis at 4 wk (Table 5). No patients with grade IV
esophagitis were included in any of the studies comparing
high dose with standard dose H2RAs.
Proton pump inhibitors achieved consistently and
significantly higher healing rates than H2RAs across all grades

Table 5 Healing by grade with standard dose vs high dose of H2RA at 4, 6, 8, 12 wk (PP rate)
4-wk
II
Number of arms

I

II
4

8-wk
III

II

12-wk
III

II

III

3

4

4

3

4

6

6

Pooled data
Pooled rate (%)

84/190
44.2

22/105
21.0

86/137
62.8

102/266
38.3

42/180
23.3

126/187
67.4

37/105
35.2

107/129
82.9

264/383
69.0

119/256
46.5

High dose

Pooled data
Pooled rate (%)

177/325
54.4

60/198
30.3

112/157
71.3

120/272
44.1

60/214
28.0

226/323
70.0

92/198
46.5

122/153
79.7

400/532
75.2

190/376
50.5

1.231

1.430

1.136

1.150

1.039

1.316

0.962

1.032

1.059

1.200

3

I

Standard dose

Summary RR
95% CI

3

6-wk
III

1.020-1.486 0.941-2.202 0.966-1.337 0.939-1.408 0.854-1.686 0.919-1.174 0.977-1.774 0.860-1.076 0.961-1.108 0.913-1.229
PP, per-protocol analysis; No., number; RR, relative risk; 95%CI.
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Table 6 Healing by grade at 4, 8, 12 wk comparing PPIs with H2RAs (PP rate)
4 wk
I
Number of arms

II

8 wk
III

IV

I

2

4

3

1

53/60
88.3

128/162
79.0

20/54
37.0

23/23
100.0

166/178
93.3

28/47
59.6

2/3
66.7

sd H2RAs

Pooled data
Pooled rate (%)

27/54
50.0

65/172
37.8

2/41
4.9

16/25
64.0

101/182
55.5

6/34
17.6

0/2
0

2.037
5.588
1.631-2.545 1.701-18.363

5

IV

Pooled data
Pooled rate (%)

1.760
1.329-2.332

2

III

sd PPIs

Summary RR
95%CI

3

12 wk

II

I

II

1.502
1.648
2.766
2.525
1.107-2.038 1.440-1.885 1.284-5.916 1.046-6.093

No. of arms
hd PPIs

Pooled data

2
40/46

4
88/123

2
21/30

2
46/46

4
104/120

2
24/30

1
29/29

1
42/46

sd H2RAs

Pooled rate (%)
Pooled data

87.0
26/50

71.5
49/126

70.0
3/28

100.0
37/49

86.7
62/121

80.0
6/28

100.0
28/32

91.3
19/35

Pooled rate (%)

52.0
1.665

38.9
1.835

10.7
6.110

75.5
1.300

51.2
1.689

21.4
3.626

87.5
1.111

54.3
1.676

Summary RR
95%CI
Number of arms

1.248-2.222
2

1.436-2.345 2.138-17.459
1
1

1.102-1.534 1.400-2.036 1.772-7.418
2
1
1

ld PPIs

Pooled data
Pooled rate (%)

144/175
82.3

34/42
81.0

9/28
32.1

162/175
92.6

42/44
95.5

15/28
53.6

sd H2RAs

Pooled data
Pooled rate (%)

104/175
59.4

15/50
30.0

1/22
4.5

132/175
75.4

27/49
55.1

2/21
9.5

Summary RR
95%CI

1.384
1.202-1.592

2.698
7.071
1.724-4.224 0.967-51.707

Refractory esophagitis
Number of arms

0.957-1.291 1.222-2.298

1.227
1.732
5.625
1.116-1.349 1.335-2.249 1.440-21.980

1

1

2

1

2

sd PPIs

Pooled data
Pooled rate (%)

62/77
80.5

11/22
50.0

105/116
90.5

13/15
86.7

18/29
62.1

sd H2RAs

Pooled data
Pooled rate (%)

20/40
50.0

1/11
9.1

26/61
42.6

2/8
25.0

0/14
0

Summary RR
95%CI

1.606
1.158-2.228

5.500
0.835-25.337

2.117
3.229
35.881
1.575-2.845 1.034-10.091 0.728-1767.6

sd: standard dose; ld: low dose.

were similar between omeprazole and the newer proton
pump inhibitors across all grades of esophagitis (Table 7).
Testing for between-study heterogeneity and sensitivity
analyses
In the comparison of the healing rates achieved with omeprazole
and the newer proton pump inhibitors, a significant
heterogeneity was found at 4 and 8 wk (P<0.001). However,
no further heterogeneity (P = 0.43 at 4 wk, and P = 0.92 at
8 wk) was found after exclusion of the studies from Kahrilas
et al.[67], and Richter et al.[68], suggesting that the heterogeneity
was caused by these two studies. Further scrutiny of these
two studies revealed that Helicobacter pylori (H pylori) positive
patients were excluded in both studies, whereas other studies

did not use H pylori status as an exclusion criterion. No
additional confounding factors such as the study design,
level of blinding and compliance of patients were identified.
Sensitivity analysis showed no difference in the healing rates
of erosive esophagitis between omeprazole and the newer
proton pump inhibitors (RR 1.00, 95% CI 0.96-1.04 at 4 wk;
and RR 0.99, 95% CI 0.97-1.02) when the data from the
two studies were excluded. There was no evidence of
heterogeneity in any other comparisons.
Publication bias
Tests for publication bias were assessed with funnel plots
using RRs against the sample size of each study. Due to the
inadequacy of the number of studies in each comparison,

Table 7 Healing by grade at 4, 8 wk comparing standard dose of other PPIs vs omeprazole
4-wk

Number of arms
sd PPIs
sd omeprazole
Summary RR
95%CI
sd: standard dose.

8-wk

I

II

III

IV

II

III

IV

Pooled data

3
195/239

3
302/362

3
148/210

1
3/7

3
214/235

3
329/360

3
175/209

1
2/4

Pooled rate (%)
Pooled data

81.6
190/238

83.4
315/393

70.5
132/195

42.9
3/5

91.1
214/233

91.4
345/390

83.7
159/188

50.0
1/2

Pooled rate (%)

79.8
1.022

80.2
1.041

67.8
1.041

60.0
0.733

91.8
0.992

88.5
1.033

84.6
0.990

50.0
1.000

0.936-1.116 0.973-1.113 0.914-1.186 0.250-2.147

I

0.938-1.048 0.985-1.084 0.927-1.057 0.213-4.694
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funnel plots did not demonstrate strong patterns. Therefore,
figures are not shown.

DISCUSSION
There have been a few systematic reviews and meta-analyses
summarizing the effect of medical treatments for reflux
esophagitis [14-17]. However, most of them suffered from
methodological flaws. The current study was the first attempt
to systematically evaluate the effects of antisecretory agents
in healing esophagitis based on head-to-head comparative
trials. We believe that analysis of comparative trials provides
more robust results than that obtained from simple pooling
of results from non-comparative trials because no stratification
was used in the latter form of analysis. We found that high
dose H2RAs was superior to standard dose H2RAs in healing
erosive esophagitis at wk 4, 8, and 12, and proton pump
inhibitors achieved significantly higher healing rates of
esophagitis than did H2RAs, irrespective of dose and treatment
duration. However, no statistically significant difference in
healing rates was observed between standard dose omeparzole
and the newer proton pump inhibitors after 4 and 8 wk of
treatment.
The difference in the rate of healing esophagitis between
proton pump inhibitors and H2RAs can also be expressed
as a healing-time curve for the ease of comparison[14]. Using
this method, we have shown that proton pump inhibitors
healed esophagitis at a rate approximately twice that of H2RAs
at all time points and the healing rate achieved at 2 wk with
proton pump inhibitors was greater than that obtained with
H2RAs at 8 wk. This is consistent with the findings from
previous meta-analyses using a different study design[14-17].
H2RAs are less effective for healing esophagitis because they
cannot effectively inhibit meal-stimulated acid secretion[9,10].
Moreover, tolerance may occur to H2RAs, resulting in a
significant decrease in their anti-secretory effect [93,94].
Therefore, patients with reflux esophagitis often require high
dose H2RAs to maintain an intragastric pH above the critical
threshold of 4.0 to achieve satisfactory symptom relief and
remission of esophagitis[7,8]. Proton pump inhibitors have
been proved to be effective in suppressing gastric acid
secretion throughout the 24-h period, including mealstimulated acid production[95,96]. So far, tolerance to proton
pump inhibitors has not been reported in the literature even
after long-term treatment.
The severity of esophagitis is a good predictor of a
successful treatment[97]. In this analysis, we have shown that
high dose H2RAs achieved a significantly better healing rate
of esophagitis than standard dose H2RAs. However, this
difference disappeared when the results were adjusted by
the initial grade of esophagitis except for the comparison at
4 wk when high dose H2RAs healed 10% more esophagitis
(Table 5). A possible explanation for the rapid loss of
superiority of anti-secretory effect of high dose H 2RAs
over standard dose H2RAs after 4 wk could be due to the
subsequent development of tolerance to the continuous
use of H2RAs[93,94].
Our study has confirmed that proton pump inhibitors
were significantly more effective than H2RAs in healing
erosive esophagitis across all grades. In patients with mild
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forms of esophagitis (grades I and II), the healing rate achieved
with proton pump inhibitors was significantly higher than
that with H2RAs (100.0% vs 64.0% for grade I, and 93.3%
vs 55.5% for grade II) at 8 wk (Table 6). This suggested
that, even in patients with the mild form of esophagitis,
H2RAs is a less effective treatment compared to proton
pump inhibitors. The difference was even greater in patients
with grade III/IV esophagitis. The healing rate achieved
with proton pump inhibitors at 8 wk was 59.6%, but only
17.6% with H 2RAs (Table 6). In patients refractory to
H2RAs, proton pump inhibitors healed 50.0% and 62.1%
of grade IV esophagitis after 4 and 8 wk of treatment,
respectively (Table 4). Thus, proton pump inhibitors are
significantly more effective than H2RAs for treating all grades
of esophagitis, including patients refractory to H2RAs.
It is known that individual proton pump inhibitors differ
with respect to the onset of action and duration of effect
because of the variability in their bioavailability. Although
omeprazole has a relative lower bioavailability than other
proton pump inhibitors[98-100], which may contribute to the
late onset of symptom relief, this has not been translated
into a disadvantage in healing rate of esophagitis of all grades
when compared with the newer proton pump inhibitors
according to the results of this analysis.
A statistically significant heterogeneity was found in
the overall analysis comparing the efficacy of healing
esophagitis among different proton pump inhibitors. Two
studies identified to have contributed to the heterogeneity,
compared esomeprazole to omeprazole and excluded
patients with H pylori infection in their analyses[67,68]. Although
a higher healing rate of reflux esophagitis has been observed
in patients with H pylori infection compared to uninfected
patients when treated with proton pump inhibitors[101,102],
there is no evidence that esomeprazole would work better
on H pylori negative patients. Therefore, there might in fact
be real difference in efficacy between esomeprazole and
omeprazole, because esomeprazole is the enantionmer of
omeprazole and the active compound is the achiral cyclic
sulfenamide. Comparing 40 mg of esomeprazole with
20 mg of omeprazole would be more or less the same, as
comparing double dose of omeprazole[103]. More data are
needed to further confirm the presumption.
There are several limitations in this meta-analysis. Firstly,
the quality of a meta-analysis , in general is dependent on
the quality of original studies, particularly the study design
and reporting. To correct reporting bias from original studies
is difficult and requires collaboration of investigators
involved. Because of the practical difficulties, such as lapse
in time between the time of publication and the time of
this analysis, we did not contact investigators for raw data
or clarification of unclear presentation. Secondly, three different
esophagitis grading systems were used in the individual
studies, which might have confounded the results of analyses.
Huang et al., previously reported that there is a systematic
difference in healing rates between studies using HetzelDent scoring system and those using Savary-Miller system[104].
Therefore, we considered that the impact of different
esophagitis scoring systems on the analysis of esophagitis
healing rates deserves a systematic evaluation in its own
right. This warrants an immediate consensus of using a
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standard esophagitis scoring system among investigators so
that a truly meaningful comparison of the efficacy of
different drugs can be made. Thirdly, the stratified analysis
by the initial grade of esophagitis may also be biased because
per-protocol data were used in the analysis. Fourthly, we
excluded meeting abstracts and non-English publications for
technical reasons such as inadequate reporting of outcomes
in meeting abstracts and no resources for translation of
non-English articles. This might have introduced selection
bias. To estimate the magnitude of possible impact, we
searched the literature and identified six articles published
in non-English literature, but with an English abstract[18,105-109].
Four studies compared a standard dose proton pump inhibitor
with an H2RA, one between two H2RAs and one between
two different doses of cimetidine. The conclusions of these
trials are consistent with those of this meta-analysis. Therefore,
we believe that the inclusion of non-English studies would
not change the conclusions of this analysis. Fifthly, relief
of reflux symptoms is another important aspect in the
management of patients with GERD. However, the large
variability in measuring and reporting symptom data in the
literature prohibited us from conducting a reliable metaanalysis of the effects of antisecretory agents on relieving
reflux symptoms. This requires an urgent attention to
establishing a standard instrument for the assessment of
symptom response in patients with GERD.
In conclusion, this meta-analysis of comparative trials
clearly identifies that H2RAs are not effective treatment
for patients with esophagitis of all grades irrespective of
dose. Proton pump inhibitors are significantly more effective
than H2RAs for healing esophagitis of all grades including
those refractory to H2RAs. No significant differences in
healing esophagitis exist among standard dose of different
proton pump inhibitors. Therefore, proton pump inhibitors
should be used for patients with esophagitis of all grades.
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Abstract
AIM: This paper aims to develop a data-based semiquantitative food frequency questionnaire (SQFFQ) covering
both urban and rural areas in the Chaoshan region of Guangdong Province, China, for the investigation of relationships
between food intake and lifestyle-related diseases among
middle-aged Chinese.
METHODS: We recruited 417 subjects from the general
population and performed an assessment of the diet, using
a 3-d weighed dietary record survey. We employed
contribution analysis (CA) and multiple regression analysis
(MRA) to select food items covering up to a 90% contribution
and a 0.90 R2, respectively. The total number of food
items consumed was 523 (443 in the urban and 417 in
the rural population) and the intake of 29 nutrients was
calculated according to the actual consumption by foods/
recipes.
RESULTS: The CA selected 233, 194, and 183 foods/recipes
for the combined, the urban and the rural areas, respectively,
and then 196, 157, and 160 were chosen by the MRA. Finally,
125 foods/recipes were selected for the final questionnaire.
The frequencies were classified into eight categories and
standard portion sizes were also calculated.

CONCLUSION: For adoption of the area-specific SQFFQ,
validity and reproducibility tests are now planned to
determine how the combined SQFFQ performs in actual
assessment of disease risk and benefit.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Lifestyle is the most important environmental factor related
to chronic diseases such as cardiovascular diseases, diabetes
and cancer[1-5], now the major causes of death in the developed
countries and also increasing their impact in the developing
world[6]. While genetic factors are also of interest in terms
of etiology, from the viewpoint of disease prevention,
environmental factors are more important, because they
are controllable and thus targetable for health promotion.
Unlike smoking, which only does harm to health[7], the diet
has two profiles: appropriate intake is necessary for life,
but excessive intake or imbalance may be deleterious. The
investigation of reliable internal associations between food
intake and health/diseases requires sufficient and accurate
information on diet intake.
Increasing interest in relationships between long-term
dietary intake and the occurrence of chronic disease has thus
stimulated the development of evaluation methods to assess
dietary factors among large groups of individuals. As a
relatively new but efficient method, the semi-quantitative food
frequency questionnaire (SQFFQ) has become widely used
worldwide, especially in the US and European countries[8,9].
Compared with other approaches, the SQFFQ has the following
advantages: (1) it is simple and convenient to implement;
(2) it has the ability to provide food information over a
relatively long time period; (3) it can be applied with focuses
on specific age groups[10]. At present, the SQFFQ is therefore
the best tool to obtain information for investigation of the
relationship between the diet and health or disease.
Recently, the economic status in China has greatly
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improved, but a nationwide survey of food and nutrient
intake in the country has revealed that geographical variations
between urban and rural areas still exist in most regions.
This variation demands the development of an appropriate
SQFFQ covering both urban and rural populations to
investigate the association between dietary factors and cancer
risk, cases naturally being recruited from both areas. To
develop a feasible combined SQFFQ, we here conducted a
survey of food and nutrient intake using a 3-d weighed
dietary record method (WDR) in urban and rural areas of
Chaoshan.

MA
TERIALS AND METHODS
MATERIALS
The Chaoshan region, including Shantou, Chaozhou and
Jieyang cities, is located in the east of Guangdong Province
of China, with a population of approximately 10 million.
People here still retain their own language and traditional
culture. We have demonstrated that Nan’ao county in Chaoshan
has the highest incidence and mortality rates of esophageal
cancer in all China[11]. We here selected Chaozhou and Jieyang
areas, including Nan’ao county, as representative of the
countryside, and Shantou as representative of the new city.
Study subjects
We initially recruited 520 healthy residents aged 30-55 years
for participation in our investigation, but only 417 (200 males
and 217 females) completed the 3-d WDR survey (70 in
Chaozhou, 247 in Shantou and 100 in Nan’ao). The remainder
dropped out because of their busy schedules or difficulties
in recording. The fraction of sampling for the whole region
was 41 per million.
Part juniors in the Chaozhou Normal College, staff of
the Shantou Disease Preventive and Control Center, the
Director General of the Nan’ao Board of Health and some
doctors of Nan’ao Hospitals joined in our research team
and were responsible for making contact with the subjects.
Supervisors examined the completeness and accuracy of
the information from the survey.
Dietary assessment
A 3-d WDR (2 weekdays and 1 weekend day) was performed
from December 2002 to August 2003, with a 24-h recall
method also used as a supplement. Foods/recipes were
individually weighed and recorded for their raw weights
before cooking, except with cooked foods bought from
markets. The completeness and accuracy of information
were also reviewed by the research nutritionists.
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(grams) by the nutrient content per gram of food listed in
the China Food Composition 2002, compiled by the Institute
of Nutrition and Food Safety, China CDC [12]. Where
necessary we also used data from the Japanese Standard
Tables of Food Composition, 5th revised edition[13] for the
nutrient content of foods which were not listed in the China
Food Composition.
The selection of food items for developing the SQFFQ
was performed using the same procedure as adopted by
Tokudome and his colleagues[14]. At first, contribution analysis
(CA) was performed for all nutrients of interest[14-16], and
each food item was listed according to the intake amount
of nutrient. We selected food/recipe items with up to a
90% cumulative contribution. Then, multiple regression
analysis (MRA) was carried out by adopting the total intake
of specific nutrient as the dependent variable and overall
amounts of this nutrient from the selected food/recipe items
by CA as the independent variables for 417 individuals and
secondly choosing foods/recipes with up to a 0.90 cumulative
square of the multiple correlation coefficient[14,16]. Finally,
we determined food items for the SQFFQ both by CA and
MRA. Some food items with up to 0.90 R2 but very small
% contribution were excluded, because they may be marginal
for total nutrient intake. The foods contributing less than
three nutrients, with relatively small % contributions, were
also excluded. The statistical package SPSS for Windows 10.0
(SPSS Inc., Chicago, IL, USA) was employed for the data analysis.
Intake frequency
The food intake frequencies in SQFFQ were classified into
seven categories: almost never; 1–3 times per month; 1-2
times per week; 3-4 times per week; 5-6 times per week; 12 times per day; and 3 times per day or more.
Portion size
The standard portion size of each food item per meal was
determined using the mean amount, typical/standard value
or the natural unit. Portion size in SQFFQ was divided into
six categories: none, 0.5, 0.75, 1.0, 1.5, 2.0 or more. As
estimation of condiment and oil consumption per meal was
difficult, four categories were employed: none, less than
normal, normal and more than normal. The normal intake
was determined as the mean amount in the 3-d WDR, and
allocation to less or more than normal was estimated with
reference to the standard deviation. We also took pictures
of the most representative foods with a standard portion
size and made a food model booklet for standardization of
the intake amount.

Nutrients of interest
The nutrients of interest comprised 29 items: energy, protein,
fat, carbohydrates, crude fiber, retinol, carotene, vitamin
C, vitamin E, folic acid, sodium, potassium, magnesium,
calcium, iron, zinc, copper, selenium, phosphorus, saturated
fatty acids (SFA), mono-unsaturated fatty acids (MUFA),
poly-unsaturated fatty acids (PUFA), oleic acid, linoleic acid,
arachidonic acid, linolenic acid, eicosapentaenoic acid (EPA),
docosahexaenoic acid (DHA) and cholesterol.

RESUL
TS
RESULTS
Characteristics of the subjects studied
Table 1 shows the characteristics of the investigated subjects.
The mean age was slightly older for the rural than the urban
subjects in both genders. Although the mean height was not
different, the mean weight and BMI in urban males were
larger than those in their rural counterparts, with statistical
significance. This was not the case for females.

Selection of foods/recipes
Nutrient intake was calculated by multiplying the food intake

Intake of energy and selected nutrients
Table 2 shows mean intake and standard deviations for energy,
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Table 1 Characteristics of the investigated subjects
Males
Rural
n = 115
Age (yr)
Height (cm)
Weight (kg)
BMI

Females
Urban
n = 102

P

Rural
n = 102

Urban
n = 98

P

43.1±6.9

42.4±7.1

0.803

42.9±6.8

41.3±7.7

0.245

169.7±6.0
62.0±6.4

170.3±3.7
65.9±6.8

0.496
0.004

158.6±4.2
53.5±6.3

158.6±4.4
53.8±6.9

0.417
0.175

21.8±2.2

22.6±2.3

0.003

20.9±2.4

21.5±2.4

0.072

Table 2 Intake of nutrients by the urban and rural subjects
Males

Females

Rural
n = 115

Urban
n = 102

P

Rural
n = 102

Energy (kcal)
Protein (g)

2 268±539
83.5±26.7

2 237±520
85.5±23.8

0.447
0.375

2 560±661
85.0±27.4

2 449±635
91.8±27.3

0.084
0.244

Fat (g)
Carbohydrate (g)

84.7±28.2
295.1±106.8

90.8±41.8
271.9±101.1

0.196
0.320

103.9±26.9
327.2±129.8

104.3±40.5
301.3±111.8

0.121
0.758

Crude fiber (g)
Cholesterol (mg)

10.2±4.7
389.1±221.0

10.0±3.7
352.7±165.2

0.707
0.174

9.5±3.6
344.7±249.8

12.0±9.8
441.3±217.7

0.017
0.004

2 576.7±2 105.7
118.0±84.0

2 693.8±2 009.1
116.6±118.8

0.675
0.92

2566.5±2132.6
90.4±78.6

3 487.0±1 872.2
137.1±86.5

0.001
0.000

Folic acid (mg)
Vitamin C (mg)

395.6±219.9
88.4±52.3

357.6±129.9
80.4±39.6

0.128
0.205

375.5±155.0
96.2±61.0

452.6±172.3
102.2±38.8

0.001
0.416

Vitamin E (mg)
Calcium (mg)

22.7±10.8
525.6±191.7

27.0±11.7
446.8±190.2

0.005
0.412

24.2±10.9
406.9±187.4

28.9±11.1
505.0±155.1

0.003
0.000

Phosphorus (mg)
Potassium (mg)

963.9±311.0
1 718.0±575.5

937.2±216.8
1 745.0±459.3

0.468
0.705

1 042.0±390.2
1 808.9±666.6

1 099.8±222.0
2 006.6±453.2

0.202
0.015

Sodium (mg)
Magnesium (mg)

4 584.7±1 856.1
298.8±93.4

4 460.9±2 297.6
280.2±63.2

0.66
0.09

6 091.1±2 436.2
311.4±104.2

4 733.4±1 590.2
326.7±64.4

0.000
0.215

Carotene (µg)
Retinol (µg)

Urban
n = 98

P

Iron (mg)
Zinc (mg)

23.3± 8.8
12.73± 4.78

22.9± 7.3
11.53±2.80

0.744
0.028

22.7±8.2
13.25±5.42

25.5±6.8
13.99±3.54

0.009
0.256

Selenium (µg)
Copper (mg)

64.92± 29.60
2.46±1.53

69.40±37.20
2.24±1.02

0.322
0.227

77.81±42.63
2.30±1.19

72.55±38.14
2.38±0.68

0.36
0.589

SFA (g)
MUFA (g)

21.14±7.51
32.05±10.68

22.83±7.92
35.83±10.47

0.107
0.009

24.12±10.56
36.53±15.36

25.84±8.78
42.34±10.26

0.215
0.002

PUFA (g)
Oleic acid (g)

18.62±8.27
29.40±9.79

23.01±9.70
33.12±9.76

0.000
0.005

21.90±15.58
33.50±13.74

26.41±8.92
38.46±9.39

0.013
0.003

Linoleic acid (g)
Linolenic acid (g)

16.76±7.41
1.64±1.30

20.89±8.76
1.67±1.46

0.000
0.895

18.93±8.63
1.74±1.62

23.92±8.12
2.76±2.06

0.000
0.000

Arachidonic acid (g)
EPA (g)

0.088±0.041
0.038±0.046

0.087±0.041
0.039±0.036

0.951
0.900

0.092±0.056
0.050±0.041

0.096±0.047
0.034±0.032

0.626
0.004

DHA (g)

0.079±0.100

0.069±0.063

0.385

0.118±0.095

0.072±0.073

0.000

SFA: saturated fatty acid; MUFA: mono-unsaturated fatty acid; PUFA: poly-unsaturated fatty acid; EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid.

protein, fat, carbohydrate and other nutrients. Geographical
variation of energy and major nutrient intake was not apparent
in either sex, except for greater intake of crude fiber in urban
males. Urban males and females consumed more vitamin
E, MUFA, PUFA, oleic acid, and linoleic acid than rural
subjects. In males, urban subjects consumed more cholesterol,
carotene, retinol, folic acid, calcium, potassium and linolenic
acid, whereas rural subjects had greater intakes of sodium,
DHA and EPA. In females, rural subjects took more zinc
and manganese.
We compared the consumption of each nutrient with the
Recommended Nutrient Intake (RNI) for the first and second
degree of work in China[17]. The energy consumption in our
urban and rural males was similar to RNI, but with females
the values were high. The consumption of protein and fat in
both genders of urban and rural areas was higher than the RNI,
especially for fat, but that for carbohydrate was relatively low.

Selection of food items
The total number of food/recipe items consumed by all
subjects over 3 d was 523 (443 and 417 in the urban and
rural cases, respectively). The numbers of food items with
up to 90% cumulative contribution for 29 nutrients were
233, 194, and 183 in the combined, urban and rural areas,
and those for up to 0.9 cumulative R2 were 196, 157, and
160, respectively. Then, we combined several food items
with similar nutrient contents. Finally, we selected 125 food
items for a combined SQFFQ. Alcohol beverages were not
included in them, because the number of regular drinkers
was very small. However, liquor and beer were intentionally
added in this SQFFQ, because they are important dietary
factors involved in the risk of diabetes and cancer[4,5].
The number of food items selected for each nutrient
by CA and MRA are listed in Table 3. The mean numbers
by CA were 58, 46, and 48 for the combined, the urban and
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Table 3 Numbers of foods contributing to 29 nutrients with up to 90 cumulative % and 0.9 cumulative r2
Cumulative r2

Cumulative %
Rural

Urban

Combined

Rural

Urban

Combined

Energy
Protein

49
79

51
85

60
94

33
51

22
26

37
55

Fat
Carbohydrate

23
26

23
29

25
33

150
3

11
8

17
77

Crude fiber
Cholesterol

65
31

61
36

74
37

74
47

13
10

21
12

Carotene
Retinol

23
25

21
30

38
33

47
28

12
7

8
55

Folic acid
Vitamin C

53
38

49
27

59
44

40
52

13
17

19
70

Vitamin E
Calcium

48
94

45
93

54
104

116
70

5
19

16
30

Phosphorus
Potassium

85
114

91
99

102
120

41
63

28
36

51
1

Sodium
Magnesium

13
86

16
98

16
109

145
41

4
31

3
58

Iron
Zinc

84
72

94
78

104
86

45
41

22
15

35
44

Selenium
Copper

73
76

88
75

96
88

82
91

8
9

22
31

SFA
MUFA

22
16

22
17

36
21

100
70

10
9

14
8

PUFA
Oleic acid

18
15

16
15

23
17

138
142

5
6

113
8

Linoleic acid
Linolenic acid

17
31

15
28

18
56

143
136

5
1

8
2

Arachidonic acid (g)
EPA

24
22

32
32

53
51

53
30

17
17

17
23

DHA
Mean

14
46

29
48

36
58

24
72

13
14

12
30

SFA: saturated fatty acid; MUFA: mono-unsaturated fatty acid; PUFA: poly-unsaturated fatty acid; EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid.

the rural cases, respectively, as compared with 30, 14, and
72 with the MRA.
List of food items
The percentage contributions of the top five foods/recipes
for energy, protein, fat and carbohydrate for rural, urban

and combined areas are listed in Tables 4 and 5. Rice was
the most important food source for energy, protein and
carbohydrate intake, accounting for more than one-third
of the energy, followed by peanut oil, pork, mixed oil, and
lard, this being similar in both urban and rural areas. Onefourth of protein and more than two-thirds of carbohydrates

Table 4 Percentage contributions of the top five foods for energy and protein
Energy
Rural

Protein

Urban
Rice

Combined
38.2

Rice

Rural

Urban

Combined

Rice

45.8

41.9

Rice

28.6

Rice

23.6

Rice

Pork

7.7

Peanut oil

8.9

Peanut oil

7.8

Pork

7.5

Pork

6.6

Pork

25.7
6.8

Peanut oil

6.9

Pork

6.9

Pork

7.1

Grass carp

3.4

Beef

4.0

Grass carp

3.6

Mixed oil

4.2

Mixed oil

6.4

Mixed oil

5.3

Egg

3.2

Grass carp

3.8

Egg

3.5

Lard

4.1

Lard

3.2

Lard

3.7

Fish

2.9

Egg

3.8

Beef

2.9

Table 5 Percentage contribution of the top five foods for fat and carbohydrate
Fat
Rural
Peanut oil
Pork
Mixed oil
Lard
Pork chops

Carbohydrate

Urban
21.7
20.2
13.3
13.1
3.7

Peanut oil
Mixed oil
Pork
Lard
Pork chops

Combined
24.2
17.6
15.7
11.0
3.6

Peanut oil
Pork
Mixed oil
Lard
Pork chops

22.9
17.4
15.6
11.0
3.6

Rural
Rice
Noodle
Bread
Rice noodles
White sugar

Urban
70.4
3.2
2.3
1.7
1.6

Rice
Noodle
Bread
Rice noodles
White sugar

Combined
67.5
3.3
3.0
2.1
1.9

Rice
Noodle
Bread
Rice noodles
White sugar

70.4
3.2
2.3
1.7
1.6
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were also contributed by rice. Peanut oil supplied more than
one-fifth of fats, followed by pork, mixed oil, lard, pig chops
and rice according to the CA. As for energy, the combined,
urban and rural data also demonstrated almost have the
same ranking for protein, fat and carbohydrate.
According to the category of the China Food Composition
2002, the 125 foods/recipes listed in the SQFFQ comprised:
cereals (11 items), legumes (6), fresh legumes (3), vegetables
(13), melons and nightshade (5), cauliflower (1), roots (7),
fruits (11), meats (11), poultry (5), milk (2), eggs (3), pickles
(4), marine products (16), mushrooms (5), nuts (2), cakes
(3), condiments (6), oils (3) and beverages (8).
Nutrition coverage in the SQFFQ
Table 6 shows the percentage coverage of 29 nutrients by
the SQFFQ. The selected food items covered 17, 19, and
16 nutrients with up to 90% of the total intake for the
rural, urban and combined SQFFQ, and the lowest coverage
percentage of the combined SQFFQ was still 82.7%, for
linolenic acid.

DISCUSSION
The present study showed that variation in nutrient consumption
between urban and rural subjects in the Chaoshan area was
small, and the selected food items for the rural and urban
SQFFQs were similar, covered all 29 nutrients with acceptable
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percentage values. The present results thus revealed that
development of a combined SQFFQ for rural and urban
populations is feasible.
The nationwide survey of China held in 1992 showed
the national average energy intake to be higher in urban
than in rural areas, especially in those with middle and high
incomes[18]. Recent economic improvement may have reduced
the variation in diet between rural and urban populations,
and increased the amount of nutrient intake in both, but
especially in rural individuals. The total energy intake in
males was 2.4% higher in the present urban area and 21.0%
higher in the rural area than those in the representative
urban and rural areas of the same province by nationwide
survey. The mean intakes of major nutrients in the present
study were 6.4% higher in the urban area and 25.9% higher
in the rural area for protein; 15.6% higher and 70.6% higher
for fat; 2.1% lower and 1.0% higher for carbohydrate; and
31.9% higher and 15.9% higher for crude fiber, compared
with the respective figures from the nationwide survey. The
present urban population took more unsaturated fatty acid
from vegetables, and the rural population took more animal
fat, although geographical variation in total fat intake was
not apparent.
Here we chose the 3-d WDR method as the “gold
standard” rather than others to develop a SQFFQ for
Chaoshan area, because it is the most efficient method for
collecting dietary information at present. To decrease the

Table 6 Percentage coverage of nutrients by the SQFFQ
% coverage
Rural

Urban

Combined

Energy

94.3

94.2

93.7

Protein
Fat

91.7
95.0

90.1
93.5

88.4
93.8

Carbohydrate
Crude fiber

94.3
86.5

95.4
87.3

94.6
87.5

Cholesterol
Carotene

93.3
88.7

88.9
93.9

86.3
90.3

Retinol
Folic acid

91.8
91.5

81.7
92.8

89.1
92.5

Vitamin C
Vitamin E

86.3
89.7

94.6
88.3

91.2
89.4

Calcium
Phosphorus

87.3
92.4

87.3
90.5

88.6
86.4

Potassium
Sodium

86.8
97.7

90.5
96.1

88.2
95.1

Magnesium
Iron

89.7
83.5

90.9
90.3

90.1
89.6

Zinc
Selenium

90.9
86.6

91.9
83.7

91.6
85.8

Copper
SFA

87.9
94.7

86.8
90.5

87.4
92.6

MUFA
PUFA

96.2
91.1

95.6
91.7

88.4
97.6

Oleic acid
Linoleic acid

96.5
94.2

95.7
92.1

90.2
97.6

Linolenic acid
Arachidonic acid (g)

91.2
90.3

92.2
88.5

82.7
92.7

EPA
DHA

82.4
88.4

80.2
81.9

87.6
82.9

Mean

90.7

90.2

90.0

SFA: saturated fatty acid; MUFA: mono-unsaturated fatty acid; PUFA: poly-unsaturated fatty acid; EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid.
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influence of seasonal variation on food survey, we conducted
the survey in three seasons of winter, spring and summer,
because there is no major climatic difference between the
fall and winter. Although the sample size was relatively small,
the number of subjects appeared sufficient from previous
studies to develop SQFFQs, including the ones conducted
in China[14,19,20].
We used the two contrasting methods of CA and MRA
to select representative food items for stable food intake.
Each method has its own particular advantages and disadvantages[13,14]. The former approach is based on the absolute
food and nutrient intake and is especially suitable for
investigation of the associations between absolute nutrient
intake and disease risk. The latter, in contrast, is based on
variance of nutrient intake, and is efficient for categorizing
individuals. Therefore, the combination of the two methods
for food selection should provide a more suitable SQFFQ
for the assessment of food and nutrient intake.
We selected 125 food items, including alcoholic
beverages, for the combined SQFFQ. Most were frequently
consumed by the local inhabitants. Although the coverage
rates of all 29 nutrients were over 80%, the potential for
overestimation or underestimation does exist, because of
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the incompleteness of the composition table, and the
exclusion of food items, such as some marine products, in
the selection for the SQFFQ.
We have already developed data-based SQFFQs in
Jiangsu, in the central coastal region of China, and Chongqing,
more than 1 000 km west inland from Jiangsu, using a
standardized method developed in Japan[14]. We compared
the top three food items of three SQFFQs developed in
Jiangsu [19] , Chongqing [20] and the present study area,
Chaoshan, more than 1 000 km south of Jiangsu, according
to the percentage contribution for energy, protein, fat and
carbohydrate by the urban and rural area (Table 7). Most
items were shared in common, except for fat. These
comparisons suggest the possibility to developing a common
SQFFQ to assess and compare dietary factors impacting
on cancer by the standardized method[21].
In summary, in the present investigation we clarified
common intake of foods and 29 nutrients in urban and rural
areas of Chaoshan, Guangdong Province, China, for adoption
in an area-specific SQFFQ. Validity and reproducibility
tests[22–24] are now planned to determine how the combined
SQFFQ performs in the actual assessment of disease risk
and benefit.

Table 7 Comparison of percentage contributions of the top three foods for energy, protein, fat, and carbohydrates in urban and rural areas
of Jiangsu, Chongqing and Chaoshan in China
Percentage contribution
Energy
Urban
Jiangsu

Rice

36.9

Salad oil

6.9

Flour

5.9

Chongqing
Chaoshan

Rice
Rice

30.1
45.8

Rape oil
Pork

10.2
7.7

Pork
Peanut oil

6.2
6.9

Jiangsu

Rice

39.5

Lard

14.2

Pork

5.3

Chongqing
Chaoshan

Rice
Rice

32.1
38.2

Rape oil
Peanut oil

12.2
8.9

Flour
Pork

7.7
6.9

Jiangsu
Chongqing

Rice
Rice

23.1
17.5

Pork
Horse bean

7.2
8.0

Egg
Pork

5.0
6.5

Chaoshan

Rice

28.6

Pork

7.5

Grass card

3.4

Jiangsu
Chongqing
Chaoshan

Rice
Rice
Rice

34.4
20.4
23.6

Pork
Pork
Pork

6.5
7.4
6.6

Egg
Flour
Beef

4.3
7.0
4.0

Jiangsu
Chongqing
Chaoshan

Salad oil
Rape oil
Peanut oil

22.1
30.0
21.7

Soybean oil
Pork
Pork

17.1
15.3
20.2

Pork
Salad oil
Salad oil

9.5
1.5
13.3

Jiangsu
Chongqing
Chaoshan
Carbohydrate
Urban
Jiangsu
Chongqing
Chaoshan
Rural
Jiangsu
Chongqing
Chaoshan

Lard
Rape oil
Peanut oil

45.8
32.3
24.2

Pork
Lard
Salad oil

16.4
13.5
17.6

Rape oil
Pork
Pork

11.7
12.2
15.7

Rice
Rice
Rice

57.1
55.1
73.7

Flour
Flour
Noodle

8.7
10.3
2.8

Noodle
Noodle
Bread

2.9
7.9
1.7

Rice
Rice
Rice

59.6
60.1
67.5

Noodle
Flour
Noodle

5.8
16.6
3.3

Corn
Peas
Bread

5.7
2.8
3.0

Rural

Protein
Urban

Rural

Fat
Urban

Rural
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Abstract
AIM: Recent studies in Iran has shown that prevalence of
hepatitis C virus (HCV) infection among Iranian prisoners
is high, in spite of low HCV seroprevalence in general
population.
METHODS: This study was carried out in the central prison
of Hamedan - Iran, in year 2002. Inmates were interviewed
using a standard questionnaire including demographic,
imprisonment history and HCV-related risk behaviors
items. Thereafter, the sera drawn from the participants
were tested for anti-HIV and anti-HCV antibodies.
RESULTS: A total number of 427 drug abuser inmates
participated in our study. Three hundred and ninety-seven
(93%) were men and 30 (7%) were women. Total number
of IV drug abusers (IDA) and non-IV drug abusers (NIDA)
was 149 (34.9%) and 278 (65.1%), respectively. The
overall rate of antibody positivity among inmates was
0.9% for HIV and 30% for HCV. Of all IDAs, 31.5% and of
NIDAs, 29.1% had serological evidence of HCV infection.
CONCLUSION: The seroprevalence of HCV infection among
drug abuser prisoners in comparison with the general
population in Iran, is very high (30% vs in italics 0.2%).
Our results indicate the importance of policies to prevent
transmission of HCV infection during and following
incarceration.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) infection is increasingly recognized
as a major health care problem throughout the world.
Approximately 85% of individuals infected with HCV will
develop chronic HCV infection[1,2]. Identified risk factors
for HCV infection include intravenous drug use, exposure
to infected blood/blood products, and intranasal drug use[3].
Surveys of HCV infection among IDU have reported
prevalence rates as high as 70-90% [4-6] among habitual
injectors. High risk sexual activity (multiple sexual partners),
history of sexually transmitted disease, tattooing, and skin
piercing have also been suggested to be associated with
increased risk for HCV; however, study results have been
contradictory[7].
Whereas the overall seroprevalence of HCV among
Iranian blood donors has been estimated to be 0.12%[8] the
prevalence of HCV has been shown to be as high as 45%
in populations of incarcerated IV drug users[9]. HCV seroprevalence among prison inmates varies markedly from country
to country[10,11]. Worldwide hepatitis C data similarly report
significant prevalence figures in high risk populations ranging
from 30% to 50%, with intravenous drug use being the
predominant risk factor[12-15]. High risk populations are individuals most at risk for hepatitis C, including those medically
underserved, have a history of IV drug injection and highrisk behaviors. A dramatic growth in the number of prisoners
associated with high-risk behaviors and high rates of
community re-entry emphasizes the need for detection and
treatment of hepatitis C virus infection in this unique group.
This study could be of particular interest, as in comparison
with worldwide hepatitis C data, the seroprevalence of hepatitis
C infection among Iranian general population is low. However,
recent studies in Iran has shown that the level of hepatitis
C infection among Iranian prisoners is as high as HCV
seroprevalence in incarcerated population of countries with
high prevalence of HCV infection in their general population.
MA
TERIALS AND METHODS
MATERIALS
This study was carried out in the central prison of Hamedan
(one of the largest penal institutions in Iran), from midJune to mid-September 2002. The study protocol conforms
to the ethical guideline of the 1975 Declaration of Helsinki,
as revised in 1983. The sample was selected by drawing the
numbered individual prison files, available to investigators,
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in intervals determined by a random number generator. There
were 427 drug abuser inmates in our study. Participation in
this study was voluntary and confidentiality was guaranteed.
All inmates were counseled about the study and they were
required to provide signed informed consent. Thereafter,
inmates were interviewed using a standard questionnaire
including demographic items, specific questions relative to
their imprisonment history and HCV-related risk behaviors
such as intravenous drugs abuse, having received blood
and/or blood products, tattoos, body piercing, sexual
activity, and history of sexually transmitted diseases.
Physical examination was performed on all participants
and afterward 8 mL of blood was taken. The sera were
tested for anti-HIV and anti-HCV antibodies by using an
enzyme-linked immunosorbant assay (ELISA) 3rd generation
(for anti-HCV antibodies we used HCV 3.0 ELISA Test System
with Enhanced SAVe; ORTHO, Raritan, NJ, USA). All
anti-HCV Ab positive sera were retested, using recombinant
immunoblot assay (RIBA) 2nd generation (HCV Blot 3.0;
Genelabs Diagnostics, Singapore) as a complementary test.
Patients with both ELISA and RIBA positive reports were
considered to be infected with HCV.
Microsoft Access 2000 database software was used
(Microsoft Corp., Redmond, WA, USA). Basic descriptive
statistics were performed using SPSS for Windows (version
11.0; SPSS Inc., Chicago, IL, USA) software. Risk factors
prevalences were generated using data from all consented
study participants. Standard χ 2 and χ2 trend tests were
perfor med to assess the univariate relationship of
demographic and behavioral variables and HCV
seroprevelance. Univariate ORs were computed with 95%
confidence intervals (CIs) for each risk factor.

RESUL
TS
RESULTS
A total number of 427 drug abuser inmates participated in
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our study. Three hundred and ninety-seven (93%) were
men and 30 (7%) were women. Total number of IV drug
abusers (IDA) was 149 (34.9%). The remaining 278
individuals (65.1%) were non-IV drug abusers (NIDA).
Demographic characteristics of drug abuser inmates are
depicted in Table 1.
The overall rate of antibody positivity among inmates
for HIV was 0.9% (4/427) and for HCV was 30% (128/427).
Of all IDAs, 31.5% (47/149) had serological evidence of
HCV infection and in NIDAs seropositivity for HCV was
29.1% (81/278). There were no significant statistical differences
for HCV seropositivity between the two groups.
About HIV infection in the two groups, only one inmate
(out of 149, 0.67%) was seropositive for HIV in IDA group
and in NIDA we found three inmates with anti-HIV
antibodies (3/278, 1.07%). Because the number of HIV
infected participants was small, no statistical comparisons
were conducted. Among three HIV positive individuals, all
were male and their ages were between 30 and 49 (mean
37.5), one was IV drug abuser for 36 mo, one reported
history of tattoos and one had received blood transfusion,
they spent 2-26 mo in prison.
As shown in Table 1, the pattern of HCV antibody
prevalence differed within each demographic characteristic.
The mean±SD of participants was 37.9±9.7 (range
15-77 years old). Most participants belonged to 30-39 years
old age group (34.7%) and HCV seropositivity in 20 years
and 40-49 years old age group was highest (40% and 31.6%,
respectively; P = 0.70).
None of the inmates had high risk job (health-care related)
be infected by HCV or HIV. 42.6% of HCV seropositive
participants were labourers and 41% had private business,
8.2% were farmers, 6.6% housekeepers, and 1.6% were
unemployed (no significant difference, P = 0.4).
As depicted in Table 2, we studied the association between
some behavioral characteristics and HCV seropositivity. The

Table 1 Demographic characteristics and their association with HCV seropositivity among drug abuser inmates, Hamedan, Iran
Variable

HCV positive1 (n = 128) 2

Total (n = 427)
n

%

n

%

397

93

119

93

30

7

9

7

Sex
Male
Female
Age group (yr)
<20

5

1.2

2

1.6

20-29

83

19.6

26

20.4

30-39

148

34.9

45

35.1

40-49

136

32.1

43

33.5

50-59

41

9.7

11

8.6

60 or more

11

2.6

1

0.8

Single

136

31.9

48

37.5

Married

291

68.1

80

62.5

Marital status

Education level
Uneducated

141

33

32

25

Primary school

191

44.8

60

46.9

High school

89

20.8

33

25.8

University

6

1.4

3

2.3

427

100

128

30

Total
1

We found no significant statistical difference. 2Basis of numbers and %s may be slightly smaller due to missing values.
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Table 2 Behavioral characteristics and their association with HCV seropositivity among drug Abuser prisoners in Hamedan, Iran
Variable

HCV positive1 (n = 128)2

Total (n = 427)
n (%)

n (%)

<12
12-23

49 (12.5)
75 (19.1)

11 (22.4)
26 (34.7)

24-35
36-47

70 (17.9)
57 (14.5)

19 (27.1)
14 (24.6)

48-59
60-71

42 (10.7)
21 (5.4)

13 (31)
7 (33.3)

72-83
84-95

25 (6.4)
9 (2.3)

10 (40)
1 (11.1)

6 (1.5)
2 (0.5)

5 (83.3)
2 (100)

36 (9.2)

8 (22.2)

300 (89)
47 (11)

110 (28.9)
18 (38.3)

387 (90.6)

115 (29.7)

40 (9.4)

13 (32.5)

238 (55.7)
189 (44.3)

75 (31.5)
53 (28)

378 (95.9)

113 (29.9)

Months of imprisonment

96-107
108-119
>120
History of blood transfusion
No
Yes
History of phlebotomy
No
Yes
History of getting wounded
No
Yes
History of STD4
No
Yes
History of tatooing
No
Yes
History of surgery
No
Yes
History of dental procedure
No
Yes
Months of IV drug abuse
<12
12
Sharing needles
No
Yes

P

(OR, 95%CI)3

0.02

16 (4.1)

6 (37.5)

184 (43.1)
243 (56.9)

54 (29.3)
74 (30.5)

285 (66.7)

80 (28.1)

142 (33.3)

48 (33.8)

26 (6.1)
401 (93.9)

8 (30.8)
120 (29.9)

104 (69.8)

29 (27.9)

45 (30.2)

18 (40)

77 (18.3)
72 (16.8)

26 (33.8)
22 (30.6)

0.1

(1.5, 0.8-2.8)

0.7

(1.1, 0.5-2.2)

0.4

(0.8, 0.5-1.2)

0.5

(1.4, 0.4-3.9)

0.8

(1.05, 0.7-1.6)

0.2

(1.3, 0.8-2.01)

0.9

(0.9, 0.4-2.2)

0.1

(1.7, 0.9-3)

0.6

(0.8, 0.4-1.7)

1

Hepatitis C Virus. 2Basis of numbers and %s may be slightly smaller due to missing values. 3Odds ratio, 95% confidence interval. 4Sexually transmitted disease.

seroprevalence of HCV was associated with duration of
imprisonment (P = 0.02). Remarkably, 100% of the
individuals who reported 108-119 mo of imprisonment were
infected with HCV.

DISCUSSION
High risk populations are individuals most at risk of
contracting hepatitis C, including those who come from
medically underserved and minority communities and /or
have a history of IV drug injection, alcohol abuse, and multiple
sex partners[16]. IV drug abusing remains the predominant
mode of HCV transmission risk in prison systems[17].
In this study we evaluated the seroprevalence of HCV
and HIV among drug abuser inmates (IV drug abusers (IDA)
and non-IV drug abusers (NIDA)). Prevalence of HCV
antibody positivity among all participants was 30%. HCV
seroprevalence in IDA and NIDA groups was 31.5% and
29.1%, respectively, and confirms the high prevalence of

blood borne disease in those with imprisonment history[18-20].
Different studies have estimated the seroprevalence of
HCV antibody among the general population (blood donors,
mostly) to be about 0.16-6% world-wide[8,21-24]. In high risk
population in comparison to the general population, IV drug
abusing, sharing needles and tattooing may increase risk
status.
We found only one published similar investigation on
Iranian prisoners. In Zali et al. study[9], the seroprevalence of
HCV among IDAs was 45%. In the studies on prisoners of
Australia, Brazil, France, India, Ireland, UK and United States
the HCV seroprevalence were about 38%, 6.3%, 30%, 16%,
37%, 30%, and 41%, respectively[25-28,10,12,13]. According to
other investigations worldwide, hepatitis C antibody positivity
prevalence in high risk ranges from 31% to 50%, while
intravenous drug abuse is the predominant risk factor[11,29-33].
Limited available data indicate the majority of HCV
infections are acquired before incarceration[16]. Blood serum
evaluations among 265 male prison inmates in Maryland
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(USA) revealed a hepatitis C prevalence of 38% at intake[34].
In our study, the overall rate of HIV antibody among
prisoners was 0.9% (4/427). In IDA and NIDA groups, we
found 0.67% and 1.07% positive HIV antibodies. The HCV
prevalence rate in our study was higher than HIV prevalence.
However, the findings are in accordance with those in many
countries - including Germany, Nederland, Switzerland and
Australia[35,36]. In Iran we have no similar investigation on
HIV seroprevalence of prisoners in comparison with our
results.
Prevalence of antibodies of HIV in Irish and Brazilian
prisoners was 2% and 3.2%, respectively [13,26]. The HIV
prevalence reported in prison studies from other developed
countries is similar[37-40].
Some limitations of our study should be considered.
As with any convenience sample, this study had the
limitation of being a self-selected group and may not be a
representative of all Iranian prisoners. In addition, because
of religious beliefs and security problems of prisons, many
individuals could not respond properly to the questions
containing sex behavior characteristics. Therefore we
excluded the sex behavior related risk factors from statistical
analysis. Because of financial problems we couldn’t perform
PCR on our samples.
In our investigation we studied some risk factors related
to HCV and HIV infection. Participants who had spent
more time in prison, however, and those who had history
of hospitalization were significantly more likely to be positive
for antibodies to HCV. Being in prison in Iran may be an
independent risk factor for hepatitis C infection. We found
no statistical association between HCV and other risk factors
and there was no significant difference in HCV seropositivity
prevalence between IV drug abusers and non IV drug abusers
recommending the possibility of some other unknown
etiologic factors. The high percentage of HCV positive cases
with no apparent risk factor further emphasizes the need
for further investigation on the routes of transmission and
other factors, which have not yet been concerned. It should
be noted that in some investigations, there were considerable
numbers of HCV infected cases with no apparent risk factors,
depicting the complex nature of HCV transmission[41-45].
Although the inmates participating in this study cannot
be considered representative of all prisoners in Iran, the
results obtained have important implications for penal and
public health administrators, indicating the importance of
policies to prevent transmission of these infections during
and following incarceration. These policies must include
primary concern on not only identification of those most at
risk but also on provision of appropriate treatment[8,12,16,26].
Specific harm-reduction strategies directed toward preventative
education and counselling are also crucial. In addition, testing
programs in prisons, which should be seen as an opportunity
to improve the health outcome of those infected and prevent
further transmission of infectious agents[46-48].
There are few studies involving large multicentre sampling
that provided epidemiological aspects of HCV infection
among prison inmates in Iran. In conclusion, prospective
studies with meticulous assessment of confounding risk
factors are required to assess the potential risk factors of
HCV and HIV infections in prisons of Iran, effectively.
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Abstract
AIM: To explore a novel mechanism for tumor necrosis factorrelated apoptosis-inducing ligand (TRAIL), upregulation
of CD4+ and CD8+ T lymphocytes participating in the pathophysiological process of chronic hepatitis B (CHB).
METHODS: The levels of serum soluble TRAIL (sTRAIL),
serum IFN-γ and membrane-bound TRAIL expression on
peripheral leucocytes from 58 CHB patients were examined
by ELISA and flow cytometry respectively. The levels of
TRAIL were compared with the baseline levels of 17 healthy
controls, and correlation analysis was performed between
ALT, TBIL, PT, morphological change in hepatic tissues, and
serum IFN-γ.
RESULTS: The results showed that TRAIL levels on
membranes of CD4+, CD8+ T cells in CHB patients were
much higher than those in healthy controls (P<0.001),
and were correlated with serum TBIL (r = 0.354, P = 0.008
for CD4+ and r = 0.522, P = 0.000 for CD8+, respectively),
ALT (r = 0.393, P = 0.003 for CD8 + ), PT (r = 0.385,
P = 0.004 for CD8+) and serum IFN-γ level (r = 0.302,
P = 0.011 for CD4+ and r = 0.307, P = 0.009 for CD8+).
On the contrary to membrane-bound TRAIL expression,
serum level of sTRAIL was not correlated with that of
TBIL and PT, though it was higher than that of the normal
population and was positively correlated with serum HBeAg
expression (r = 0.695, P = 0.001).
CONCLUSION: The expression level of TRAIL on the
membrane of lymphocytes was upregulated and associated
with the liver injury in CHB patients. These findings suggest
that upregulation of TRAIL expression may be induced by
virus antigen and inflammatory cytokine IFN-γ.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: HBV; CD8+ lymphocyte; CD4+ lymphocyte;
TRAIL; Liver function
Chen GY, He JQ, Lu GC, Li MW, Xu CH, Fan WW, Zhou C,
Chen Z. Association between TRAIL expression on peripheral
blood lymphocytes and liver damage in chronic hepatitis B.
World J Gastroenterol 2005; 11(26): 4090-4093

http://www.wjgnet.com/1007-9327/11/4090.asp

INTRODUCTION
The TNF-α and Fas systems as well as the perforin/
granzyme system have been implicated in hepatocyte
apoptotic processes in viral hepatitis. Tumor necrosis factorrelated apoptosis-inducing ligand (TRAIL), a type II
transmembrane protein[1], is a recently identified member
of the TNF family and is capable of inducing apoptosis in
virus-infected cells. This suggests that TRAIL may play an
important role in HBV immunopathology. Human CD4+
T cell clones exhibit TRAIL-mediated cytotoxicity against certain
target cells[2], indicating that TRAIL constitutes an additional
pathway of T cell-mediated cytotoxicity. The aim of this study
was to study a possible novel mechanism for TRAIL
upregulation of CD4+ and CD8+ T lymphocytes participating
in the pathophysiological process of chronic hepatitis B (CHB).
MA
TERIALS AND METHODS
MATERIALS
Patients
Fifty-eight patients seropositive for HBV marker (HBsAg)
for more than 6 mo were the subjects of this study. Thirty
were seropositive for HBV DNA, and all were negative for
other hepatitis virus and HIV markers in sera. None had
received any antiviral therapy or immunotherapy in the
preceding 6 mo. They were classified into four groups[3]: 13
cases with mild chronic hepatitis (CH1), 14 cases with
moderate chronic hepatitis (CH2-3), 15 with liver cirrhosis
(LC) and 16 with chronic severe hepatitis (CSH). Seventeen
healthy laboratory workers negative for HBsAg and normal
in liver functions were assessed at the same time and served
as controls. The demographic data of all participants are
summarized in Table 1. Serum specimens for antibody to
HAV, HCV, HDV, HEV, as well as antibody to HIV were
tested by enzyme immunoassay. Immunoassay for the in vitro
qualitative determination of serum HBsAg and HBeAg was
tested on Roche Elecsys immunoassay analyzers, HBV DNA
was assayed by quantitative PCR.
Leukocyte and flow cytometry
Citrated blood samples were obtained. Aliquots of 100 µL
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were incubated for 15 min with 20 µL antibody against
TRAIL-PE (eBioscience, Clone number RIK-2), CD4-FITC,
CD8-FITC, or isotype control (CALTAG, USA) at room
temperature. After labeling with the antibody, leukocyte
suspensions were washed and erythrocytes were lysed using
FACS brand lysing solution (Becton Dickinson, USA). Washed
cells were resuspended in 300 µL of PBS and analyzed. FACS
scan flow cytometer (Becton Dickinson, USA) and cell quest
software were used for acquisition and analysis of the data.
Populations of lymphocytes were identified from forward
and side scatter characteristics on dot plot profiles and were
analyzed for fluorescence intensity using fixed defined gate.
At least 10 000 cells per sample were acquired.
ELISA
Serum specimens collected were stored at -80 , and IFN-γ
and soluble TRAIL (sTRAIL) protein levels were determined
using immunoassay kit according to manufacturer’s specifications.
Statistical analysis
Statistically significant differences among groups of patients
were determined by ANOVA, correlation coefficients were
determined by Pearson (two-tailed) using SPSS10.0 software,
0.05 were considered as significant.
and P values

RESUL
TS
RESULTS
Changes of serum soluble TRAIL and modulation of membranebound TRAIL expression on peripheral T lymphocytes in
chronic hepatitis
The results showed that TRAIL levels in membranes of
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CD4+ and CD8+ T lymphocytes and the serum levels of
sTRAIL in CHB patients were much higher than those in
healthy controls (P<0.001). Membrane-bound TRAIL
expression was shown to correlate with the activity of viral
hepatitis, that of CD4+ and CD8+ T lymphocytes correlated
with serum TBIL (r = 0.354, P = 0.008 for TRAIL of
CD4 + vs TBIL and r = 0.522, P = 0.000 for TRAIL of
CD8 + vs TBIL) and that of CD8 + T lymphocytes was
correlated with serum ALT (r = 0.393, P = 0.003), and PT
(r = 0.385, P = 0.004). A positive relationship between serum
IFN-γ level and the degree of TRAIL antigen expressions
of CD4+ and CD8+ T lymphocytes (r = 0.302, P = 0.011
for TRAIL of CD4+ vs IFN-γ; r = 0.307, P = 0.009 for
TRAIL of CD8 + vs IFN-γ) was shown. Serum level of
sTRAIL was not correlated with TBIL and PT, though it
was higher than that in normal population. The related results
are shown in Table 2.
Positive correlation between liver histological findings and
membrane-bound TRAIL expression
In 30 samples from 58 HBV patients, with the aggravation
of liver inflammation grade, membrane-bound TRAIL
expression in peripheral T lymphocytes in chronic hepatitis
was upregulated. There was a positive correlation between
the inflammation grade and level of TRAIL antigen
expression (r = 0.677, P<0.01). Statistical analysis is shown
in Table 3.
Positive correlation between serum IFN-γ level and membranebound TRAIL expression
The serum level of IFN-γ in patients with CHB was
24.04±19.03 pg/mL for CH1, 76.02±84.35 pg/mL for

Table 1 Demographic data, HBV marker and histological findings of the liver in the study population
Characteristics

Normal control

Number
Male:female
Median age (range)
ALT (U/L)
TBIL (mmol/L)
Alb (g/L)
PT (s)
HBV DNA (positive cases)
Liver histological findings
Not done
(n)
(n)
G 0–1
G 2–3
(n)
(n)
G4

17
12:5
33.5 (26-50)
33±12
15±5.2

0

Chronic HBV infection
CH1

CH2–3

CSH

LC

13
9:4
34 (24-58)
57.8±73.6
22.4±20.1
40.78±5.3
13.7±3.4
9

14
10:4
36 (23-64)
190.3±207.8
70.0±46.7
35.4±6.8
17.4±5.2
10

16
11:5
33 (24-56)
238.3±381.2
405.8±132.9
31.8±3.6
32.1±10.9
4

15
11:4
44 (21-68)
85.5±60.4
64.4±47.4
34.9±4.5
21.8±6.4
7

8

11

9

5

6

17
11
2

6

Table 2 Changes of serum sTRAIL and modulations of membrane-bound TRAIL expression on peripheral T lymphocytes in chronic hepatitis
Group

n

CD4+ T lymphocyte
TRAIL expression (%)

CD8+ T lymphocyte
TRAIL expression (%)

sTRAIL
(pg/mL)

CH1
CH2–3

13
14

2.82±1.00b
4.64±2.08b

5.10±2.01b
6.56±3.56b

1 001.93±474.23
1 358.38±391.66b

CSH
Cirrhosis

16
13

5.33±2.38b
4.20±1.92b

8.31±3.62b
5.09±2.50b

969.56±377.41

Normal

17

1.21±0.57

3.04±1.72

800.24±322.9

b

P<0.001 vs normal controls.
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Table 3 Positive correlation between liver histological findings and
membrane-bound TRAIL expression
Inflammation
grade

n

CD4+ T lymphocyte
TRAIL expression (%)

CD8+ T lymphocyte
TRAIL expression (%)

G 0-1

11

2.51±0.96

5.22±2.25

G 2-3
G4

8
11

4.66±2.30a
4.74±2.00a

6.43±3.00a
7.92±3.58a

a

P<0.05 vs G0–1.

CH2-3, 81.81±63.11 pg/mL for CSH. There was a positive
relationship between serum levels of IFN-γ and TRAIL
antigen expression in CD4+T (r = 0.302, P = 0.011) and
CD8+T (r = 0.307, P = 0.009). No relationship between
serum levels of IFN-γ and sTRAIL was found.

DISCUSSION
In this paper, a possible novel mechanism for TRAIL
upregulation of CD4+, CD8+ T lymphocytes participating
in the pathophysiological process of CHB was studied in
patients with CHB. HBV is the main etiologic agent for
viral hepatitis. Cytotoxic T lymphocytes (CTLs) recognize
viral peptides, which have been intracellularly processed and
expressed on cell surface of hepatocytes in conjunction with
MHC class I molecules. CTL-induced immunological tissue
destruction is one of the hallmarks of liver injury in viral
hepatitis. Apoptosis is now recognized to play a significant
role in the pathogenesis. Different pathways, which include
the Fas and TNF-α system as well as the perforin/granzyme
system, have been implicated in hepatocyte apoptotic
processes[4]. Fas has been shown to be correlated with the
activity of viral hepatitis [5], and Fas expression can be
induced either by virus-specific protein expression or by
inflammatory cytokines such as interleukin-1. Activated
CTLs express FasL and induce hepatocyte apoptosis via
Fas signaling cascades. TNF-R1 expression has also been
shown to be enhanced in HBV, and the increased production
of TNF-α has been demonstrated in peripheral blood
mononuclear cells in hepatitis B. Additionally, HBx has been
shown to sensitize cultured and transfected hepatocytes to
TNF-α-induced apoptosis[6]. In contrast to Fas and TNF-α
signaling, the potential hepatotoxicity of TRAIL is still
controversial, especially its ability to induce hepatocyte
apoptosis. A recombinant soluble version of TRAIL ligand
fused to a trimerizing leucine zipper failed to induce hepatotoxicity in mice[7], whereas a polyhistidine-tagged recombinant
soluble form of TRAIL was reported to induce apoptosis
in cultured human hepatocytes [8]. Because of the rapid
dedifferentiation of cultured hepatocytes, it is difficult to
extrapolate these experiments to in vivo condition. Furthermore,
these discrepancies may be attributed to the different TRAIL
agonists. Although there is expression of TRAIL receptors
1 and 2 mRNA in human liver, a more recent report [9]
demonstrated that TRAIL-R2 protein was minimally
expressed in human hepatocytes and a specific TRAIL-R2
agonist did not induce apoptosis in cultured human
hepatocytes. Therefore, TRAIL signaling seems to play a
less important role in pathophysiological process of
hepatocyte apoptosis than Fas or TNF-α. In this paper we
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found that even serum sTRAIL in healthy individuals is
very high, which also supports this theory. However, since
TRAIL-R expression can be induced, for example, by DNA
damage or by bile acid[10,11], it is also possible that hepatocyte
sensitivity to TRAIL may increase in disease states. Viral
infection triggering sensitivity to TRAIL-mediated apoptosis
has been reported. Yoon et al.[4], have recently observed that
in HBV-transfected HepG2 cells, TRAIL-R1 expression
level was higher than in their parent cell line, HepG2 cells.
Moreover, the HBV-transfected cells were more sensitive
to TRAIL-induced apoptosis than the untransfected ones,
and this sensitization was reduced by anti-viral treatment.
Our group also demonstrated that in HBV-transfected
HepG2 cells, TRAIL expression level was higher than in
their parent cell line (unpublished data). Mundt et al.[12], also
reported that HBV-mediated acute liver failure resulted in
upregulation of protein expression of TRAIL and TRAIL
receptors, thereby activating the TRAIL-specific death
pathway in HBV-infected hepatocytes. Our study is the first
report that membrane-bound TRAIL expression on
peripheral T lymphocytes in CHB was upregulated and was
correlated with the activity of viral hepatitis. Serum level
of sTRAIL was not correlated with TBIL and PT, and same
results were also reported by Janssen et al.[13]. It suggested
that serum level of sTRAIL was unable to accurately reflect
the severity of disease.
Recently it was reported that the expression level of sTRAIL
was positively correlated with the level of HBeAg. Furthermore,
we found that there existed a positive correlation between the
degree of TRAIL antigen expression and serum levels of
IFN-γ. The IFN-induced gene family is now known to
comprise the death ligand TRAIL, the dsRNA-dependent
protein kinase, interferon regulatory factors and the promyelocytic leukemia gene, all of which have been reported to
be the mediators of cell death[14]. Our study suggests that
interaction of TRAIL signaling and IFN-γ participates in
the pathophysiological process in CHB patients.
TRAIL expression in liver tissues, especially in
lymphocytes needs to be analyzed further.
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Abstract
AIM: To prepare and identify specific anti-mouse caspase12 hammerhead ribozymes in vitro, in order to select a
more effective ribozyme against mouse caspase-12 as a
potential tool to rescue cells from endoplasmic reticulum
stress induced apoptosis.
METHODS: Two hammerhead ribozymes directed
separately against 138 and 218 site of nucleotide of mouse
caspase-12 mRNA were designed by computer software,
and their DNA sequences were synthesized. The synthesized
ribozymes were cloned into an eukaryotic expression
vector-neorpBSKU6 and embedded in U6 SnRNA context
for further study. Mouse caspase-12 gene segment was
cloned into PGEM-T vector under the control of T7 RNA
polymerase promoter (containing gene sequence from
positions nt 41 to nt 894) as target. In vitro transcription
both the ribozymes and target utilize T7 promoter. The
target was labeled with [α-32P]UTP, while ribozymes were
not labeled. After gel purification the RNAs were dissolved
in RNase free water. Ribozyme and target were incubated
for 90 min at 37
in reaction buffer (40 mmol/L Tris-HCL,
pH 7.5, 10 mmol/L Mg 2+). Molar ratio of ribozyme vs
target was 30:1. Samples were analyzed on 6% PAGE
(containing 8 mol/L urea).
RESULTS: Both caspase-12 and ribozyme gene sequences
were successfully cloned into expression vector confirmed
by sequencing. Ribozymes and caspase-12 mRNA were
obtained by in vitro transcription. Cleavage experiment
showed that in a physiological similar condition (37 ,
pH 7.5), Rz138 and Rz218 both cleaved targets at predicted
sites, for Rz138 the cleavage efficiency was about 100%,
for Rz218 the value was 36.66%.
CONCLUSION: Rz138 prepared in vitro can site specific

INTRODUCTION
Apoptosis plays an important role in the pathogenesis of
liver diseases[1]. Activation of death receptors and mitochondrial
damage are well-described common apoptotic pathways.
Recently, a novel pathway via endoplasmic reticulum (ER)
stress was reported[2]. Following studies have demonstrated
that many liver diseases are associated with ER stress,
including nonalcoholic steatohepatitis, cholestasis, alcohol
induced liver diseases, and viral hepatitis[3-5].
Among the death-specific enzymes in apoptosis is a
family of cystein-dependent aspartate-specific proteases
known as caspases[6]. Activation of caspases is a central
mechanism in the apoptotic cell death process[7].
Caspase-12 resides in the endoplasmic reticulum and is
specifically involved in the apoptosis that results from ER
stress, Apoptosis triggered through pathways that do not
involve the ER, such as serum deprivation or Fas-activation,
do not result in activation of caspase-12. Cells isolated from
transgenic mice that lack intact caspase-12 protein were
more resistant to ER stress-induced apoptosis than wild type
cells[2].
Caspases are central to both normal programmed cell
death and injury-dependent apoptosis, so any therapy that
manipulates caspase activity must take into account the
possible effects on tissue homeostasis. In this regard, caspase12 seems to have a strong advantage as a target over other
caspases. In contrast to other caspase knockouts, caspase12 deficient mice have no noticeable developmental or
behavioral defects, and have a normal incidence of tumors[2].
So caspase-12 may be a promising target for treating ER
stress associated diseases with few side effect.
Until now, no specific caspase-12 inhibitors are available.
Ribozymes (Rz) are RNA molecules with enzymatic activity
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that can associate with a larger target RNA by base-pairing
to cleave a specific phosphodiester bond[2,8]. In the past years,
ribozyme-mediated gene inhibition has been demonstrated
for many examples in cell lines. Selective downregulation
of a particular caspase by ribozyme provides an alternative
approach to rescue cells from apoptosis[9-11].
Catalytic cleavage of caspase-12 mRNA by ribozyme
may block ER stress induced apoptotic pathway, thus protect
liver cells from apoptosis. In the present study, ribozymes
were designed and synthesized against the sequences of
caspase-12 mRNA which cleave at nucleotide positions 138
and 218 respectively. Also mutant ribozymes were
synthesized for future study. Transcription and cleavage
reaction were performed in vitro to determine the activity
of ribozymes designed and assess the potential value of
them against caspase-12 mediated apoptosis.

MA
TERIALS AND METHODS
MATERIALS
Material
PGEM-T vector kit, transcription kit, TRIzol kit, and T4
DNA ligase were purchased from Promega Company. RTPCR kit, Restriction endonucleases were purchased from
TaKaRa Company. [α- 32 p]UTP was the product of
Amersham Biosciences UK. E coli DH5α and eukaryotic
expression vector-neorpBSKU6 for ribozyme were kind gifts
from Dr. YouXin Jin. The PCR primers and ribozyme gene
sequences were synthesized in the Beckman Oligo-1000
DNA synthesizer.
Methods
Cloning of Caspase-12 cDNA Mouse caspase-12 mRNA
gene sequence was obtained from online Genebank of
NCBI (GI: 2094805). Total RNA of fresh mouse liver
tissue was extracted using Trizol kit. The up stream primer
for RT-PCR amplification of caspase-12 gene segment was
F: 5’-TCT AGA CCA GGA GGA CAC ATG AAA GA-3’
(41-60 bp), the 5’ extension underlined is XbaI site, the
downstream primer was R: 5’-GGA TCC TCT CAG ACT
CCG ACA GTT AG-3’(894-875 bp), the 5’ extension
underlined is BamHI site. PCR product contained gene
sequence from position nt 41 to nt 894 with XbaI site ahead
and BamHI site behind. Purified PCR product were inserted
into pGEM-T vector through A-T pairing under the control
of T7 RNA polymerase promoter. The recombinants were
transfected into competent JM109 E Coli cells for blue/
white screening on LB plate. The selected clone containing
Caspase-12 cDNA was confirmed by sequencing and named
pCaspase-12.
Ribozyme Construction The hammerhead ribozymes
were designed according to the computer software compiled
by Professor Chen Nong-An (Shanghai Institute of
Biochemistry of the Chinese Academy of Science). The
specificity of ribozymes designed for mouse caspase-12
mRNA were determined by sequence analysis with other
RNA sequences of mouse cells in NCBI GenBank using
blastn. The sequences of the two ribozymes are shown in
Table 1. G in the catalytic core for active ribozyme, A for
inactive ribozyme. The inactive ribozymes allow binding to
the target RNA, but lack cleavage ability[12]. Oligonucleotides
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encoding Rz138 and Rz218 were designed to generate
XbaI/BamHI ends upon annealing and were ligated with
the BamHI and XbaI digested neo rpBSKU6 plasmid
embedded in U6 SnRNA context containing U6 SnRNA
promoter/enhancer and terminator. The reconstructed
plasmids were named pRz138, pRz138m(mutant), pRz218,
pRz218m respectively according to the confirmation of
DNA sequencing, and the reconstructed Rz plasmids were
prepared for further in vivo study.
Table 1 Ribozyme sequence
5’ binding arm

Catalytic core

3’ binding arm

Rz138

5’ TCCATTTAA

CT(G/A)ATGAGTCCGT
GAGGACGAA

ACATTCTT 3’

Rz218

5’ TCTCTAAG

CT(G/A)ATGAGTCCGT
GAGGACGAA

AGTTCTC 3’

In vitro transcription of ribozymes and target RNA
In vitro transcription were prepared according to the supplier
(Promega). Both the ribozymes and substrate were transcribed
with T7 RNA polymerase. Transcription of target RNA
started with an additional 46 nt derived from the vector
and terminated just at the end of BamHI linearized pCaspase12. The total length was 910 nt. Substrate transcription was
performed in 20 uL volume in the presence of 1µL [α-32p]
UTP (10 uci/uL), while ribozymes were not labeled with
isotope. Ribozyme templates were produced by PCR,
primers were complementary to the flanking U6 sequence
adjacent to the embedded ribozyme, T7 promoter was
pulsed to the F primer 5’-TCT AGA GTA ATA CGA CTC
ACT ATA GGG C CTT CGG CAG CAC ATA TAC-3’,
the underlined sequence represents T7 promoter. Primer
R was 5’-TAT GGA ACG CTT CAG GAT-3’. PCR products
were purified by 12 g/L agarose gel electrophoresis as
templates for transcription. The products of transcription
were purified with 6% denaturing polyacrylamide gels
(PAGE), the bands were cut off from the gel and soaked in
NES (0.5 mol/L NH4Ac, 1 mmol/L EDTA, 0.1% SDS )
overnight. After centrifuge, the supernatant were
at 45
precipitated by ethanol and 3 mol/L sodium acetate, washed
twice by 75% ethanol, then dissolved in RNase free water.
The [α- 32p] UTP labeled substrate was counted in a
Beckman-LS 6500 counter[13]. As many studies show that
inactive mutant ribozymes have no cleavage activity[12,14,15],
we preferred to use the normal Rz in vitro study.
Identification of ribozyme activity by cleavage reaction
The molar quantity of target RNA was estimated according
to the cpm value combined with the UTP number in the
RNA. Rz molar concentration was estimated according to
the spectrophotometric A260 value. Ribozyme and substrate
in reaction buffer
were incubated for 90 min at 37
(40 mmol/L Tris-HCl, pH 7.5, 10 mmol/L Mg2+). Molar
ratio of ribozyme versus substrate was 30:1. Samples were
analyzed on 6% PAGE (containing 8 mol/L urea). The
cleavage efficiency [CE] was calculated from cpm values
of the bands of undigested substrate (S) and product (P)
separated from denaturing PAGE. CE = [P/(P+S)]•100%.
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RESUL
TS
RESULTS
Transcription of caspase-12 cDNA fragment
RT-PCR amplified caspase-12 cDNA segment was
separated by 1.2% agarose gel and stained with ethidium
bromide. The length of product containing restriction
endonuclease site was 866bp. (Figure 1).
Purified caspase-12 PCR product was inserted into
pGEM-T vector by A-T base pairing. After blue/white
screening on LB plate and DNA sequencing, pCaspase-12
was confirmed. Then, BamHI linearized pCaspase-12 was
used as transcription template. The length of transcribed
target RNA as shown in Figure 2 was 910 nt.
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Cleavage in vitro
As shown in Figure 4A, The length of target RNA transcribed
from BamHI linearized pCaspase-12, which contains the
mouse caspase-12 cDNA segment, should be 910 nt, and
the expected fragments cleaved by Rz138 in vitro should be
150 nt and 760 nt. Rz218 cleavage would generate 230 nt
and 680 nt. The cleavage result showed that at a 30:1
ribozyme-to-target ratio, both Rz138 and Rz218 cleaved target
at the predicted sites which were consistent with our design
and proved to be correct (Figure 4B). The cleavage efficiency
of Rz138 was about 100%, while 36.66% for Rz218.
A

1

Volume 11

2

910 nt
864 nt

46 nt

T7 start site

Caspase-12 fragment
150 nt

BamHI site

760 nt

Rz138 cleave site
230 nt

680 nt

Rz218 cleave site

kb
1
750

B

nt

1

2

3

910
760
680
230

Figure 1 Agarose gel electrophoresis of caspase-12 RT-PCR product. Lane 1:
DL 2000 DNA Marker; lane 2: The 866 bp caspase-12 gene segment produced
by RT-PCR.

150

Figure 4 In vitro Cleavage of mouse caspase-12 mRNA by ribozymes. A:
The length of caspase-12 segment transcribed from BamHI linearized pCaspase12 which contains the mouse caspase-12 gene segment, and it’s anticipated
cleavage products. B: The results of cleavage reaction by PAGE electrophoresis.
Lane 1: Rz138 cleavage result; lane 2: Rz218 cleavage result; lane 3: control
(control contains all other components except ribozyme.).

910 nt

Figure 2 In vitro transcription product of caspase-12 segment, separated by
6% PAGE, the transcript was 910 nt.

Transcription of ribozymes
The length of Rz templates for transcription produced by
PCR were about 100 bp (Figure 3). Transcription products
were also purified through 6% PAGE, using upper
ultraviolet to determine the position of the bands. The
bands were excised and dissolved in RNase free water
and reserved under -20 .

1

2

3

100 bp

Figure 3 Agarose gel electrophoresis of PCR amplified ribozyme templates.
Lane 1: DL 2000 DNA Marker; lane 2: Rz138 template produced by PCR; lane
3: Rz218 template produced by PCR.

DISCUSSION
Apoptosis is essential to development of multicellular
organisms as well as to physiologic cell turn over. Excessive
apoptosis may contribute to organ injury[16]. A novel apoptotic
pathway via ER stress was recently testified in mouse.
Prolonged ER stress leads to cell death and is linked to
the pathogenesis of some neurodegenerative disorders.
ER stress also plays an important role in several liver
diseases [3-5,17]. Activation of caspase-12 from procaspase12 is specifically induced by insult to the ER, ER stress
triggers a specific cascade involving caspase-12,-9,-3.
Although it was reported that human caspase-12 may have
no significant effect on apoptotic sensitivity[18,19], many
evidences show that functional caspase-12 exists in many
human cell types and is associated with ER stress induced
apoptosis.[20-22]. It was knowing that cells lack of intact
caspase-12 protein were more resistant to ER stress-induced
apoptosis than wild type cells. Inhibition of caspase-12
expression by ribozyme may block ER stress induced
apoptotic pathway, thus protect liver cells from apoptosis.
The ribozymes are divided into two groups: small
ribozymes and large ribozymes. Small ribozymes,
approximately those less than 100 nucleotides, include the
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hammerhead ribozyme, hairpin ribozyme, and hepatitis delta
virus ribozyme. Large ribozymes contain ribonuclease P
RNA and group I and group II introns. Hammerhead
ribozyme is simple in structure with high turnover in cleavage
reaction. The activity of the hammerhead ribozyme is
significant higher than that of all other ribozymes in vitro.
It’s being widely used to inhibit endogenous gene expression
of basic biochemical pathways such as angiogenesis and
apoptosis. It’s the first to be approved to use in clinical
trial[23]. It contains a tripartite structure consisting of a central
catalytic core that is flanked on both sides by two antisense
side arms that can form base pairs with the RNA substrate,
thus providing the sequence specificity of the endonuclease
action. Sequences 5’ to the catalytic domain form helix I
and sequences 3’ to it form helix III when complexed with
the target RNA[24].
Ribozyme used as molecular tool for specific inhibition
of gene translation is affected by many factors including
the mRNA secondary structures and target accessibility. Our
studies show that computer aided energy minimization
algorithms predicted regions in mouse caspase-12 mRNA
are accessible to ribozyme cleavage. The cleavage reaction
revealed that Rz138 and Rz218 prepared in vitro possessed
perfect specific catalytic cleavage activity. Rz138 has an
excellent cleavage efficiency. The results were consistent
with our designed. This finding made it worthy to do further
study on the cleavage activity of these ribozymes in vivo
and to develop them as a therapeutic nucleic acid drug in the
future. Considering that the in vitro activity does not represent
exactly the efficiency of a ribozyme in degrading the target
mRNA in intact cells, we’ve cloned the two ribozymes in
eukaryotic expression vector for further study in vivo.
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Abstract
AIM: To investigate the radiation response of various
human tumor cells and normal liver cells.
METHODS: Cell lines of human hepatoma cells (SMMC-7721),
liver cells (L02), melanoma cells (A375) and cervical tumor
(HeLa) were irradiated with 60Co γ-rays. Cell survive was
documented by a colony assay. Chromatid breaks were
measured by counting the number of chromatid breaks
and isochromatid breaks immediately after prematurely
chromosome condensed by Calyculin-A.
RESULTS: Linear quadratic survival curve was observed
in all of four cell lines, and dose-dependent increase in
radiation-induced chromatid and isochromatid breaks
were observed in GB2B phase. Among these four cell lines,
A375 was most sensitive to radiation, while, L02 had the
lowest radiosensitivity. For normal liver cells, chromatid
breaks were easy to be repaired, isochromatid breaks
were difficult to be repaired.
CONCLUSION: The results suggest that the γ-rays
induced chromatid breaks can be possibly used as a good
predictor of radiosensitivity, also, unrejoined isochromatid
breaks probably tightly related with cell cancerization.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Liver cancer is one kind of malignancy tumor with the
highest incidence and clinical risk, especially popular in
China. As till now, radiotherapy is the most acceptable and
effective method. Low LET (Linear energy transfer) rays,
such as X-ray, γ-ray, were often used. Radiobiologists aim
to develop an assay or a combinative assay to predict the
radiation response of human cancers. Precise prediction
of response to radiation could provide the basis for selecting
and designing clinical treatment project.
Colony assay or growth assay has the good correlation
with the radiation response[1-5]. But as a routine predictive
assay, it will take at least 2 or 3 weeks to form the clone, is
unlikely to be used for clinical diagnosis and treatment.
The PCC (premature chromosome condensation)
technique is very useful for measuring the radiationinduced chromatin breaks in all of the cell cycles [6-9] ,
especially in G2 phase. In the present study, we investigated
the G2 phase radiosensitivity of human hepatoma cells
and normal liver cells, compared with other two type of
human malignancy tumors. The results showed that the
radiosensitivity of normal liver cells is lowest among these
four cell lines, suggest that in the course of liver cancer
radiotherapy, liver cells will less injured than hepatoma
cells and other two tumor cell lines when absorbed same
dose of radiation.
MA
TERIALS AND METHODS
MATERIALS
Cell culture and irradiation
Four cell lines (From CCTCC) were grown in RPMI-1640
medium supplemented with 10% fetal calf serum at 37
in 50 mL/L CO2, additional 0.25 U/mL insulin was added
into the L02 culture medium.
Exponentially growing cells were irradiated with γ-rays
generated by 60Co source with a dose rate 0.2 Gy/min at
Lanzhou medicine college, dose range was from 0 to 8 Gy.
Chromosome preparation
Calyculin-A (BIOMOL America) was used as the PCC
inducer, which was dissolved in 100% ethanol as 1 mmol/L
stock solution; 50 nmol/L of Calyculin-A was added to the
cell cultures before irradiation to score the initial chromatid
breaks. Then, cells were incubated for a further 30 min at
in 50 mL/L CO2. Chromosome spreads were then
37
harvested by swelling cells in 75 mmol/L KCl for 20 min
at 37 and fixed with Carnoy’s fixation. A final wash and
fixation in the same fixative was completed before dropping
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cells onto a glass slide and hot humidity drying.
Chromosome was stained with 5% Giemsa for 20 min.
More than 40 G2 phase cells were scored for each dose
point according to the standard criteria[10]. Briefly, chromatid
discontinuing, misalignment of the distal to the lesion, or a
non-stained region longer than the chromatid width was
classified as a break. Isochromatid breaks were scored two
breaks. The total chromatid breaks were calculated by
summing the production of chromatid and isochromatid
breaks. The process of kinetic repair of damaged chromosome
by PCC technique was same as initial ones.

Initial chromatid and isochromatid breaks after irradiated with
γ-rays in G2 phase
Figures 3A and B express the chromatid and isochromatid
breaks of four cell lines after irradiated with various
absorbed dose. Though some inter-exchanges or innerexchanges exist in chromosome spreads, its number was
rare. We only observed the main chromosome break type,
i.e., chromatid and isochromatid breaks. Chromatid and
isochromatid breaks linearly increased with the dose increase
of these four cell lines, the number of chromatid breaks
was much more than that of isochromatid breaks at each
dose point.

RESUL
TS
RESULTS
G2 PCC chromosome spreads
Calyculin A is a phosphatase inhibitor, can effectively induce
the cells into G2 phase by very little time. It is easy to detect the
chromosome damage using PCC technique. Figure 1 shows
the G2 PCC chromosome spreads of L02 cell lines exposed
to 8 Gy of γ-rays and SMMC-7721 cell lines of 0.5 Gy.
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Figure 1 G2 phase prematurely condensed chromosome spreads. A: SMMC7721 cells after exposed to the γ-rays of 0.5 Gy; B: L02 cells after exposed to
the γ-rays of 8 Gy. Arrows show the chromatid breaks, arrowheads show the
isochromatid breaks.
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Figure 3 G 2 chromosome breaks at various absorbed dose. A: chromatid
breaks; B: isochromatid breaks.

Kinetic repair of chromosome breaks of L02 cells in 48 h of
post-irradiation time
Figures 4 and 5 show the unrejoined chromatid breaks/
cell/Gy at 0, 24, and 48 h. In this kinetic process, almost

Chromosome breaks/cell

Survival curves
Colony assay is a routine method for analyzing the cell
survival fraction. Classical model of cell survival curve
after exposed to low LET rays, such as X-ray, γ-ray, was
linear quadratic. In present study, four cell lines’ fitted
survival curve were well agreement with the linear quadratic
model. Figure 2 shows the detail of it.
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Figure 2 Cell survival curve after exposed to γ-rays. All of four cell lines have a
linear quadratic survival curve, which were good agreement with classical model.
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Figure 4 Correlation between chromatid breaks and absorbed dose at 0,
24, and 48 h after exposed to radiation.
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Chromosome plus
chromatid breaks/cell/Gy

50% chromatid breaks got repaired, for isochromatid ones,
just 15% got repaired at most. Also we can see, during
24-48 h, both of these two type breaks were nearly the
same level, i.e., from 2.16 to 1.93 breaks/cell/Gy for
chromatid breaks, from 0.476 to 0.48 breaks/cell/Gy for
isochromatid ones. However, from 0 to 24 h these values
were 2.95-2.16 breaks/cell/Gy, 0.502-0.476 breaks/cell/Gy,
respectively. Compared with chromatid breaks, isochromatid
breaks nearly keep the original state within 48 h after
exposed to radiation. This is to say, at the early 24 h after
exposure, chromosome repair process finished.
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Figure 5 Kinetic repair of chromosome breakages within 48 h after L02 cell line
was exposed to γ-rays. The chromatid breaks plus 46 (number of normal
human chromosomes) make this change remarkably.

DISCUSSION
Liver cancer is of high risk and mortality. Besides the surgical
excision, radiotherapy is the main method after the discovery
of X-rays. Before radiotherapy, prompt and exact detection
of radiosensitivity of target cells is of great importance.
Many researchers have reported a linear-quadratic cell
survival curve in various cell lines irradiated by X-rays,
γ-rays, also, linear relationship between chromosome
breaks and absorbed dose was discovered[5,8,9,11-15]. With the
introduction of the premature chromosome condensation
technique[16-18], it is easy to study initial radiation-induced
chromosome damage (Figure 1).
In the present study, fitted cell survival curve of four
cell lines were linear quadratic (Figure 2), which were
consilient with previous studies[8-9]. Among these four cell
lines, survival fraction of L02 was highest, A375 was lowest
after absorbed same dose of radiation, suggested that human
normal liver cells was of much higher resistance to γ-rays
than human hepatoma cells, melanoma cells and cervical
tumor cells. Radiation injury mainly resulted from oxidative
free radicals, reductive glycogens synthesized in liver cells
which interact with free radicals reduce the radiation injury.
Linear relationship was found between dose and the
chromatid breaks after the cells were exposed to 60Co γ-rays
in this study (Figure 3). This relationship has proved by
previous studies [5,8,14,19,20]. An increased production of
chromatid breaks induced by X-ray irradiation has been
reported by Durante [21-23], an increased production of
isochromatid breaks produced by exposure to X-ray was
also reported by Kawata[8,9]. It suggested that with the higher
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dose, the electrons which hit the target-chromosome
increased, so, the production increased. While, the absolutely
production increase of isochomatid breaks was smaller than
that of chromatid breaks. Kawata et al.[8], has reported that
after low LET irradiation, the chromatid breaks dominated,
while for high LET rays, such as heavy ions, isochromatid
breaks dominated, suggesting that most isochromatid breaks
resulted from two separate breaks on sister chromatids
induced by independent electron tracks. For low LET rays,
it can not deposit enough energy during unit range to
penetrate sister chromatids meantime, so , most breaks were
chromatid ones.
Since normal liver cells were more radioresistant to
γ-rays than other three kind of cancer cells, study the kinetic
repair of chromosome damage of L02 cells has the
essentiality. Data[4,9,15,16] showed that these irradiation could
induce the chromosome damage, the damage will probably
result in cancerization. Correct and effective repair of
injured chromosome is very important to stop cancerization
course. Figures 4 and 5 show the correlation between
chromatid breaks and dose at 0, 24 and 48 h after radiation.
In the present study, at each time point, chromatid breaks
and isochromatid breaks were increased linearly with
the dose, and the absolute number of chromatid breaks
was much more than that of isochromatid ones, this
phenomenon was described by Kawata et al.[8]; Suzuki et
al.[15], reported that this repairing process occurred during
the early 10 h after irradiation. This means in the early 24 h,
most of any kind of cells end their spontaneous repair
process if they are injured. After 24 h, without any artificial
factors, injured and normal cells will be stable and continue
synthesizing, mitosing, and so on.
Though the radiotherapy by using common irradiation
such as γ-ray is very effective, we could not neglect the
side-effect which largely reduce the curative effect due to
the injury of normal tissue. Heavy ions have the good
biophysics characteristics such as Bragg peak of dose
distribution which result in the lowest side scatter, higher
RBE (relative biological effect) and lower OER (oxygen
enhancement ratio). Present study will enrich the essential
data for the Heavy-Ion-Radiotherapy project in the Institute
of Modern Physics, Chinese academy of Sciences when
the national great engineering HIRFL-CSR (heavy ion
research facility of Lanzhou-cooling restore cycle) complete
at 2005.
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Abstract
AIM: To study the genetic alterations and their association
with clinicopathological characteristics of hepatocellular
carcinoma (HCC), and to find the tumor related DNA
fragments.
METHODS: DNA isolated from tumors and corresponding
noncancerous liver tissues of 56 HCC patients was
amplified by random amplified polymorphic DNA (RAPD)
with 10 random 10-mer arbitrary primers. The RAPD
bands showing obvious differences in tumor tissue DNA
corresponding to that of normal tissue were separated,
purified, cloned and sequenced. DNA sequences were
analyzed and compared with GenBank data.
RESULTS: A total of 56 cases of HCC were demonstrated
to have genetic alterations, which were detected by at
least one primer. The detestability of genetic alterations
ranged from 20% to 70% in each case, and 17.9% to
50% in each primer. Serum HBV infection, tumor size,
histological grade, tumor capsule, as well as tumor
intrahepatic metastasis, might be correlated with genetic
alterations on certain primers. A band with a higher intensity
of 480 bp or so amplified fragments in tumor DNA relative
to normal DNA could be seen in 27 of 56 tumor samples
using primer 4. Sequence analysis of these fragments
showed 91% homology with Homo sapiens double
homeobox protein DUX10 gene.
CONCLUSION: Genetic alterations are a frequent event
in HCC, and tumor related DNA fragments have been found
in this study, which may be associated with hepatocarcinogenesis. RAPD is an effective method for the identification
and analysis of genetic alterations in HCC, and may provide
new information for further evaluating the molecular

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
cancers worldwide and a leading cause of death in many
countries, mainly in Asia and Africa [1]. It is commonly
associated with chronic hepatitis B virus (HBV) and hepatitis
C virus (HCV) infections, with chronic exposure to mycotoxin,
aflatoxin B1 (AFB1), and is a complication of alcoholic
cirrhosis[2]. The development of HCC is a multistep process
associated with multiple genetic alterations, including the
genetic alteration of cancer cells[3,4]. In the past several years,
many molecular genetic studies have been extensively
performed to clarify the molecular events related with initiation,
development and progression of human cancers[4-7]. Like
other cancers, a variety of genetic changes have frequently
been found in HCC[8-13], including p53 mutations[1,14], loss
of heterozygosity (LOH) on chromosome arms 1p, 4q, 5q,
6q, 8p, 10q, 11p, 16p, 16q, 22q[7-12]. Microsatellite instability
has also been recognized in some HCCs[12,15-17]. However,
no information on genetic alterations in the entire genome
of HCC is available.
The random amplified polymorphic DNA (RAPD) method
is a DNA fingerprinting technique based on polymerase
chain reaction (PCR) amplification of random fragments
of genomic DNA with single short primers of arbitrary
nucleotide sequences[18]. Unlike the microsatellite instability
analysis which can only detect specific microsatellite loci, the
RAPD method can simply and rapidly detect genetic alterations
in the entire genome without knowledge of specific DNA
sequence information[19]. The RAPD method is a powerful
tool for population and pedigree analysis, phylogenetic studies,
and bacterial strain identification[20]. Recently, the RAPD
method was used as a means for identifying the genetic
alterations in human tumors and revealed that genetic
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alterations occurred frequently in lung cancer[21], squamous
cell carcinoma of the head and neck[22], brain tumor [23],
ovarian cancer[24], breast cancer[25], or human aberrant crypt
foci and colon cancer [26]. In the present study, genetic
alterations in HCC were investigated using RAPD in order
to determine the relationship between the frequency of
genetic alterations and the clinicopathological characteristics
of HCC, and to find the tumor related DNA fragments.

MA
TERIALS AND METHODS
MATERIALS
Patients and samples
Fifty-six liver cancer tissues were obtained from surgically
resected samples in Eastern Hepatobiliary Surgery Hospital,
Second Military Medical University. All patients did not
receive any prior treatment. All specimens were confirmed
with histopathological examination. This study included
43 men and 13 women. The age ranged from 29 years to
78 years. Thirty-five of fifty-six patients had serum AFP
20 µg/L. There were 39 cases with positive HBsAg. Twelve
cases had small ( 3 cm) and 44 were advanced (>3 cm)
HCCs. Tumor differentiation was graded according to
WHO criteria (2000). Twenty HCCs were well differentiated,
28 were moderately differentiated and 8 were poorly
differentiated. Of the 56 patients, 45 had evidence of
intrahepatic metastasis (portal vein invision and/or
intrahepatic dissemination). Forty-seven HCCs were detected
accompanied with liver cirrhosis.
DNA extraction
Fresh samples were obtained, immediately frozen in liquid
nitrogen and stored at -70 until analysis. A microdissection
technique with a cryostat was used to separate tumor cells
from corresponding noncancerous liver tissues. Genomic
DNA was extracted from carcinoma tissues and corresponding
noncancerous liver tissues using the standard phenol/
chloroform extraction and ethanol precipitation method[24].
The concentration of DNA was determined with both
spectrophotometric and fluorometric methods.
RAPD analysis
For RAPD analysis, 10 arbitrary 10-mer primers were used.
These primers were designed, referred to sequences reported
previously[19-25] and synthesized commercially. The sequences
of these primers were:
P1, 5’-CCGGCTACGG-3’;
P2, 5’-CAGGCCCTTC-3’;
P3, 5’-TACGGACACG-3’;
P4, 5’-AGCTTCAGGG-3’;
P5, 5’-AGGCATTCCC-3’;
P6, 5’-GGTCTGAACC-3’;
P7, 5’-TAGGCTCACG-3’;
P8, 5’-ACGGTACACT-3’;
P9, 5’-GTCCTCAACG-3’;
P10, 5’-CTTCACCCGA-3’
In a total volume of 25 µL, 50 ng of genomic DNA
extracted from carcinoma tissues or corresponding noncancerous liver tissues was amplified in 10 mmol/L Tris-HCl
(pH 8.3), 1.5 mmol/L MgCl2, 200 µmol/L each of dNTP,
0.4 µmol/L of each arbitrary primer, and 1.0 units of
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AmpliTaq Gold DNA polymerase (Perkin-Elmer, Norwalk,
CT). Forty cycles of denaturation (at 94 for 30 s), annealing
for 1 min), and extension (at 72
for 2 min)
(at 36-40
were carried out in a DNA thermocycler (Biometr). Five
microliters of the PCR products mixed with loading buffer
was loaded in 1.5% agarose gels and electrophoresed with
100 V for 1 h. The gels were stained with ethidium bromide
(0.5 mg/mL) and visualized under UV light.
Loss or gain of band(s) and clearly detectable changes in
intensity were scored. Scoring was done by two independent
observers. A change of band intensities was defined as an
increase or decrease of the signal intensity by 50% in the
tumor DNA compared to normal DNA by gray scanning
with an EDAS290 digital camera system (Kodak) and image
analysis with the PDQuest 6.2 software (Bio-Rad).
Cloning and sequencing of RAPD-PCR amplified products
The amplified 480 bp or so fragments from HCC DNA
using the primer P4 were excised from the agarose gel and
purified. The purified DNAs were reamplified with the
primer P4 using the same concentration of reaction mixture
constituents and the PCR cycle conditions as described
above. The PCR products were analyzed on agarose gels to
confirm their size and purity. The reamplified 480 bp DNA
fragments were cloned using the TA cloning kit (Invitrogen,
Carlsbad, CA, USA) following the protocol provided by the
manufacturer. Restriction analysis of the recombinant
plasmid DNA prepared by the alkaline lysis purification
method was carried out to determine the appropriate insert
size [27-29]. The pure clone amplified DNA insert was
sequenced with an automated DNA sequencer through the
MegaBACE-500 capillary array electrophoresis instrument
in our department. Sequences obtained from our clones
were compared with the known sequences in the GenBank
database using the BLASTn and BLASTx programs.
Statistical analysis
The relationship between the frequency of genetic alterations
and clinicopathological features was assessed by using the
χ2 test, P<0.05 was considered statistically significant.

RESUL
TS
RESULTS
Genetic alterations in HCC
We examined 56 HCC tissues and corresponding noncancerous
liver tissues using the RAPD method to detect the genetic
alterations in HCC. Our results indicated that RAPD-PCR
was an effective tool for identifying genetic alterations in
cancer tissues. All the cases of HCC were demonstrated to
have genetic alterations in at least one of ten primers. The
incidence of genetic alterations ranged from 20% to 70%
in each case, and 17.9% (15/56) to 50% (28/56) in each
primer. The primer with the highest frequency of genetic
alteration was P4. Genetic alterations were identified as band
loss, gain, intensity change and shift in the tumor DNA lane
as compared to the paired normal DNA lane (Figure 1A).
Correlation with clinicopathological characteristics
The correlation between the frequency of genetic alterations
and clinicopathological features in HCC is shown in Table 1.
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Table 1 Correlation between clinicopathological features and genetic alterations in hepatocellular carcinoma
Clinicopathological features

No.

P1

P2

P3

P4

P5

P6

P7

P8

P9

P10

Sex

M
F

43
13

14
3

14
5

7
3

20
7

19
3

9
6

18
5

10
4

10
3

22
7

Age (yr)

<50
50

24
32

6
11

12
7

6
4

11
16

8
14

7
8

9
14

8
6

5
8

14
15

Serum AFP
level (µg/L)

<20
20

21
35

3
14

6
13

5
5

9
18

5
17

7
8

9
14

9
5

6
7

8
21

HBsAg

Positive
Negative

39
17

17
0b

12
7

8
2

24
3a

16
6

10
5

13
10

13
1a

8
5

27
2b

Tumor
size (cm)

3
>3

12
44

3
14

3
16

7
3a

4
23

5
17

2
13

6
17

3
11

3
10

7
22

Histological
grade

Well
Moderately

20
28

0
12 b

4
12

7
2

5
17 a

8
12

5
8

10
10

7
5

3
8

13
13

Liver

Poorly
Absent

8
9

5b
2

3
3

1
3

5a
3

2
4

2
3

3
5

2
1

2
3

3
4

cirrhosis
Tumor

present
Absent

47
11

15
5

16
3

7
0

24
6

18
5

12
2

18
5

13
1

10
2

25
4

capsule

Not intact
Intact

31
14

9
3

13
3

4a
6a

16
5

10
7

11
2

13
5

10
3

7
4

17
8

Intrahepatic
metastasis

Not
observed

11

3

5

7

2

5

2

5

3

5

7

Observed

45
56

Total [n (%)]

25 a
17
13
18
11
8
22
14
14
3b
17 (30.4) 19 (33.9) 10 (17.9) 27 (48.2) 22 (39.3) 15 (26.8) 23 (41.1) 14 (25) 13 (23.2) 28 (50)

P<0.05, bP<0.01, χ2 test.

a

A

B

more frequent in well-differentiated tumors than in poorly
or moderately differentiated tumors (P<0.05). Genetic
alterations on P3 were significantly higher in patients without
intact tumor capsules than in those with intact capsules
(P<0.01). Genetic alterations on P4 were more frequently
detected in tumors with intrahepatic metastasis than in those
without. Similarly, genetic alterations on P3 were significantly
lower in patients with intrahepatic metastasis than in those
without (P<0.01).

N T N T N T N T N T

M N

T N T N T N T

480 bp

Figure 1 RAPD-PCR analysis of hepatocellular carcinoma. Corresponding
noncancerous liver tissue DNA (N), and tumor DNA (T) were amplified by PCR
with obvious primers and electrophoresed in agarose gels. A: Genetic alterations
identified as band loss, gain, shift and intensity change in the tumor DNA lane as
compared to the paired normal DNA lane; B: Amplified 480 bp fragments from
HCC DNA using the primer P4, the 1.5 kb ladder was used as a marker (M).

No significant correlation was observed between the genetic
alterations and serum AFP concentration, HBV infection,
tumor size, cirrhosis, histological grade, tumor capsule, as
well as tumor intrahepatic metastasis. As to the primers, the
frequencies of genetic alterations on primer P1, P4, P8
and P10 were significantly higher in patients with positive
HBsAg than in those with negative HBsAg (P<0.01). Genetic
alterations on P3 were more frequent in tumors less than
3 cm in size (P<0.05 or P<0.01). Genetic alterations on P1
and P4 were more frequent in poorly or moderately
differentiated tumors than in well-differentiated tumors
(P<0.01 and P<0.05), but genetic alterations on P3 were

Cloning and sequencing of amplified differential fragments
from P4, sequence homology search
The amplified 480 bp fragments from HCC DNA using
the primer P4 were separated on the agarose gels, excised,
eluted, and reamplified with the same primer (Figure 1B).
After analysis of the PCR products on an agarose gel to
confirm their size and purity, these amplified DNA products
were cloned using the TA cloning kit. After confirmation
of positively cloned DNA by hybridization with the purified
RAPD-amplified fragments, sequences were obtained from
several clones and compared with known sequences in
GenBank. Figure 2 shows the electropherograms from
sequencing with amplified 476 bp fragments using P4
primer. The followings were the nucleotide sequences of
the fragments: TCCCCGCGATGGCCCTCCTGACAGCTTCGGACAGCACCCACCCTGCAGAAGCACATTAACAGGAATGACGAAGGAGACTCCTTTGGAACCCGAGCCAAAGCGAGGCCCTGAGAGCCTGCTTTGAGCAAACCCATAGCCGGGTATCGCCACAAGAGAATGGCTGGCCCAGGCCATCGGCATTCCAGAACCCAGGGTCCAGATTTGGTTTCAGAATGAGAGGTCACGCCAGCTGAGGCAGCACCGGCGGGAATCTCGCCCTGGCCTGGGAGACGCGGCCAGCAAGAAGGCAGGTGAAAGTGGACCGCCGTCACCAGATCCCAGACCGCCCTGCTCCTCCGAGCCTTTGAGAA-
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Figure 2 Electropherogram from sequencing with an amplified 476-bp fragment using P4 primer.
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BLAST analysis revealed that there were significant
matches of the 480 bp or so RAPD fragments with any
known gene in this database either at the DNA level or its
corresponding amino acid sequence. The tumor-specific P4
amplified 476-bp fragment sequences showed 92%
homology with homo sapiens 3 BAC RP11-413E6 (Roswell
Park Cancer Institute Human BAC Library, accession
number AC108724.4) from nt 84 643 to nt 84 168, and
with human DNA sequence clones RP11-298A19 on
chromosome 22 (accession number AL592170.21) from
nt 84717 to nt 842981, and 91% homology with homo
sapiens double homeobox protein DUX10 gene from nt
316 to nt 788 (accession number Ay044051.1), and with
homo sapien putative proteins and FSHD region gene 2
protein (HSA10-FRG2) genes (accession number
AY028079.1) from nt 118 939 to nt 119 411.

DISCUSSION
The RAPD method, a PCR-based method for nucleic acid
fingerprinting, was originally reported by Williams et al.[18],
and it is thought to be suitable for investigation of genetic
alterations. RAPD-PCR multiple bands amplified with arbitrary
primers could generate a complex DNA fingerprint that
can detect qualitative (structural) and quantitative (aneuploid)
genetic differences between normal and tumor cell genomes.
Mutations can affect the fingerprint by altering the distance
between the two primers, the ability of the primer to anneal,
and the relative amounts of target amplification[19]. In the
present study, we identified genetic alterations in HCC at
the level of ethidium bromide stained agarose gels. Genetic
alterations indicating distance band shift or band loss/gain
were observed. Mutations occurred at the primer-template
interaction sites resulted in the loss or gain of a band, and
mutations occurred between the primer-template interaction
sites, such as deletions or insertions, resulted in a mobility
shift of bands. However, single base situations between two
primers could not be detected by this method. In addition
to these qualitative alterations, we also observed decrease
or increase in the relative intensities of the bands in tumor
DNA compared to those in normal tissue DNA. Allelic
losses due to their linkage to suppressor genes, might result
in decrease of band intensities, and gene amplification or
chromosomal aneuploidy might result in increase of band
intensities. Furthermore, we found a significant correlation
between the instability of certain primers and HBV infection,
tumor size, cirrhosis, histological grade, tumor capsule, as
well as tumor intrahepatic metastasis at some primers. These
results suggest that the high frequency of genetic alterations
identified by the RAPD method may be involved in the
malignant potential of HCC.
Since this method permits the direct cloning and
characterization of amplified DNA bands which represent
genetic alterations specific in HCC genome during tumor
progression, further research in this direction will find out
new genes contributing to progression in liver cancer. The
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most important finding in the present study is that a band
with a higher intensity of 480 bp or so amplified fragments
in tumor DNA relative to normal DNA could be seen in
27 and 56 tumor samples using primer 4. An enhancement
of the signal intensity of amplified DNA fragments may
be related to localized overamplification of that gene locus
in the genome, or could result from changes at the
chromosome level, such as trisomy or tetrasomy. These
events could play an important role in the development of
HCC or they could occur during the clonal expansion of
genetically unstable tumor cells. Sequence analysis of the
fragments showed 92% homology with homo sapiens 3
BAC RP11-413E6 (Roswell Park Cancer Institute Human
BAC Library) complete sequence, and with human DNA
sequences from clone RP11-298A19 on chromosome 22,
complete sequence. Also the fragment sequences showed
91% homology with homo sapiens double homeobox
protein DUX10 gene, and with homo sapiens putative protein
and FSHD region gene 2 protein (HSA10-FRG2) genes.
Homeobox protein genes comprise a large and essential
family of developmental regulators that are vital for all aspects
of growth and differentiation. Although many studies have
reported their deregulated expression in cancer, few studies
have established direct functional roles for homeobox genes
in carcinogenesis[30]. Our data suggest that homeobox protein
gene family members are activated as an important pathway
in hepatocarcinogenesis.
In summary, genetic alterations are a frequent event in
HCC. Furthermore, serum AFP conce-ntration, HBV
infection, tumor size, histological grade, tumor capsule, as
well as tumor intrahepatic metastasis, may be correlated
with allelic losses with certain primers. A band with a higher
intensity of 480 bp or so amplified fragments in tumor
DNA relative to normal DNA can be seen tumor samples
and sequence analysis of the fragments can show 91%
homology with homo sapiens double homeobox protein
DUX10 gene. The RAPD method is an effective tool for
the identification and analysis of genetic alterations in HCC
tissues and it may provide some new information about the
molecular mechanism of hepatocarcinogenesis.
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Abstract
AIM: To evaluate the association between Chlamydia
pneumoniae (Cpn) infection and primary biliary cirrhosis
(PBC).
METHODS: Cpn IgG and IgM were determined by enzymelinked immunosorbent assay (ELISA) in 41 well-established
PBC patients and two race-matched control groups (posthepatitis cirrhosis, n = 70; healthy controls, n = 57).
RESULTS: The mean level and seroprevalence of Cpn
IgG in PBC group and post-hepatitis cirrhosis (PHC) group
were significantly higher than those in healthy controls
(46.8±43.4 RU/mL, 49.5±45.2 RU/mL vs 28.3±32.7 RU/mL;
68.3%, 71.4%, 42.1%, respectively; P<0.05). There was
a remarkably elevated seroprevalence of Cpn IgM in
patients with PBC (22.0%) compared to the PHC and
healthy control (HC) groups. For the PBC patients versus
the HCs, the odds ratios (ORs) of the presence of Cpn
IgG and IgM were 2.7 (95% CI 0.9-6.1) and 5.1 (95% CI
1.4-18.5), respectively. Though there was no correlation
in the level of Cpn IgG with total IgG in sera of patients
with PBC (r = -0.857, P = 0.344>0.05), Cpn IgM was
related with the abnormally high concentrations of total
IgM in PBC group.
CONCLUSION: The results of this study do not support
the hypothesis that infection with Chlamydia pneumoniae
may be a triggering agent or even a causative agent in
PBC, but suggest that Chlamydia pneumoniae infection
probably contributes to the high level of IgM present in
most patients with PBC.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
PBC is a chronic inflammatory process that mainly affects
the medium-sized intrahepatic bile ducts, leads to chronic
cholestasis, and often develops to cirrhosis and liver failure
that requires liver transplantation. This disease is characterized
by the presence of anti-mitochondrial autoantibodies and
is considered as an autoimmune disease. However, its exact
mechanism of pathogenesis and etiology remains elusive.
Several studies have demonstrated cross-reactivity at both
B-cell and T-cell levels between autoantigen-pyruvate
dehydrogenase complex (PDC) and polypeptides derived
from the sequences of potential pathogens[1,2]. It is suggested
that molecular mimicry between pathogen and self-antigen
might result in tolerance breakdown. A good deal of evidence
suggests an infectious component in the development of
PBC, and to date, some bacteria and viruses have been
found to be linked to with the disease[3-5]. Nevertheless, so
far no microbiological agent has been confirmed in PBC,
though the possibility of a pathophysiological role for some
viral or bacterial micro-organisms has not been excluded. It
was reported that infection with the respiratory bacterium
Cpn might be a triggering agent or even a causative agent in
PBC[6]. If that is the case, antibiotic treatment could be
effective. We attempted to confir m these findings
serologically by designing a case-control study, to assess
whether PBC patients had any serologic evidence of Cpn,
and to evaluate the correlation of Cpn infection with PBC
by testing the levels of serum antibodies IgG and IgM against
Cpn in Chinese patients with PBC.
MA
TERIALS AND METHODS
MATERIALS
Patients
A total of 211 subjects, recruited in 2002 and 2003, were
divided into three groups. Patient groups involved 41
Chinese patients with well-established PBC from Eastern
China including Zhejiang, Jiangsu and Shanghai, who met
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the following diagnostic criteria for PBC recommended by
the American Association for the Study of Liver Diseases
(AASLD) [7] : (1) presence of cholestatic liver disease
manifestations including jaundice, fatigue and pruritus with
abnormally high levels of cholestatic parameters such as
ALP, serum bilirubin and γ-GT; (2) absence of biliary
obstruction as confirmed by ultrasonography, computed
tomography, or endoscopic cholangiography; (3) serum
positive AMA titre 1:40. Information of each patient
was obtained at the first visit. The ratio of male to female
in the study was about 1:6(6/35). The average age of the
patients was 52.5 years (range: 29-87 years). All patients
showed AMA positive and anti-M2 was detectable in 35
PBC patients (85.4%). Two groups of race-matched control
individuals with no known cardiac disease were selected on
the basis of similar age and sex. A control group consisted
of 70 Chinese patients with PHC. The third control group
included 57 healthy subjects for estimating the prevalence
of Cpn antibodies in the general population.
Testing of Cpn antibodies
The sera were tested at dilution of 1:101 for Cpn specific IgG
and IgM antibodies with ELISA kits (Euroimmun, Luebeck,
Germany), according to the manufacturer’s instructions. The
coated antigens in the wells contained all relevant antigens
localized in the outer membrane of HEp-2 cells infected
with the “CDC/CWL-029” strain of Cpn. The outer
membrane is composed of lipopolysaccharide (LPS) and
numerous proteins (outer membrane proteins, OMPs). IgG
antibodies against Cpn were quantitated with three calibration
sera at concentrations of 2, 20, and 200 RU/mL. IgM
antibodies were quantified by calculating a certain ratio
against the calibration serum. If the ratio 1, the serum
was defined as positive; if the ratios <1.0, the serum was
defined as negative.
Clinical laboratory tests
Quantitative measurements of IgG and IgM were analyzed
on sera of all PBC patients with a Dade-Behring nephelometer.
Anti-mitochondrial autoantibodies (AMA) were tested by
indirect immunofluorescence (Euroimmun, Luebeck,
Germany). Anti-M2 antibody was tested by immunoblotting
assay using a humanized M2 trimer as antigen source.
Statistical analysis
All statistical analyses were performed with SPSS for
Windows 10.0. The frequencies of antibodies were
processed by χ2 test or Fisher’s exact test. The t-test was
used for the comparison of group means. P<0.05 was
considered statistically significant. Odds ratios (ORs) were
calculated with exact 95% confidence intervals (CIs).

RESUL
TS
RESULTS
The mean level of Cpn IgG in PBC and PHC groups
(46.8±43.4, 49.5±45.2 RU/mL, respectively) was much
higher than that in the HC group ( 28.3±32.7 RU/mL), and
there was no statistical difference between the two groups
(P<0.05). According to the cut-off value of 20 RU/mL
recommended by the kits, the frequency of Cpn IgG in PBC,
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PHC, and HC groups was 28/41 (68.3%), 50/70 (71.4%)
and 24/57(42.1%), respectively. The positive rate of Cpn
IgG in PBC and PHC groups was different from that in
HC group (P = 0.02 and 0.001 respectively as shown in
Figure 1). In contrast, the proportion of IgM positive
samples in the PBC group (22.0%, 9/41) was much higher
than that in the control groups (PHC, 7.1%; HC, 5.3%),
and this difference was statistically significant (P = 0.023
for PBC vs PHC and 0.013 for PBC vs HC). Compared to
the healthy controls, the ORs of the presence of Cpn IgG
and IgM antibodies in the PBC patients were 2.7 (95%CI:
0.9-6.1) and 5.1 (95%CI:1.4-18.5) respectively.
Twenty-eight of the forty-one (68.3%) patients had high
total IgG and IgM levels and 22 of the 28 PBC patients
were Cpn IgG positive (78.6%), but there was no difference
in total IgG level between Cpn IgG positive and negative
patients (P = 0.275). However, the correlation between Cpn
IgG level and sera total IgG was statistically insignificant
(r = -0.857, P = 0.344). Nine of the twenty-eight (32.1%)
patients with increased IgM level were Cpn IgM positive.
Cpn IgM was related to abnormally high level of total IgM.
Anti-mitochondrial antibodies were found in all the 41 PBC
patients, 35 cases (85.4%) of them were M2 autoantibodies
positive. Between Cpn IgM positive and negative PBC
patients, no significant differences were found in age, age
at onset, disease duration and other laboratory parameters
including ALP, γGT, serum bilirubin and bile acids.

80%
a

a

PBC

60%

PHC

40%

HC
c

20%
0%
IgG

IgM

Figure 1 Proportion of patients positive for Cpn IgG and IgM. aP<0.05 vs HC
group cP<0.05 vs PHC and HC group.

DISCUSSION
Cpn is a common cause of community acquired acute
respiratory infection with a seroprevalence rate of over
50% adults in many countries. It has been shown that Cpn
may play a potential role in autoimmune diseases such as
artherosclerosis[8], multiple sclerosis[9] and even primary
sclerosing cholangitis [10] that is also an autoimmune
cholangitis. The presence of Cpn antigen and RNA in biopsies
from patients with autoimmune diseases suggests that Cpn
antigen may trigger an immune response through molecular
mimicry[11,12]. The role of Cpn in the etiology of autoimmunity
is however controversial.
It was found that in periportal and lobular hepatocytes
of liver tissues from patients with PBC, Cpn antigens are
present instead of C.trachomatis by immunohistochemical
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staining[6], suggesting that Cpn infection is closely related
with PBC. High level of Cpn IgG is an important marker
for previous infection whereas IgM reactivity represents
acute infection. In this study, up to 68.3% PBC patients
were infected with Cpn. Though their prevalence and mean
level of Cpn IgG were higher than healthy controls, no
difference was seen compared to PHC patients. Therefore,
it is difficult to conclude that Cpn infection is the cause of
PBC or the result of chronic liver diseases.
Abnormally high level of serum IgM is one of the
serological characteristics of PBC. However, the reasons
for high level of IgM and the nature of IgM remain unclear.
In our study, 70% PBC patients had a high level of IgM
and about one third of them were Cpn IgM positive,
indicating that increased serum IgM in PBC patients is closely
related to Cpn IgM and Cpn infection may be one of the
factors for abnormally high level of IgM in PBC patients.
Recently, studies with animal model of experimental
allergic encephalitis (EAE) indicate that Cpn infection
increases the severity of EAE that can be attenuated with
anti-infective therapy, and that infection of the central
nervous system with Cpn can amplify the autoreactive pool
of lymphocytes and regulate the expression of autoimmune
diseases[13,14]. Though we did not find any difference between
patients with or without acute Cpn infection in clinical features
and biochemical parameters, including ALP, AST and GGT,
Cpn may secret high immunogenic substrates or provide an
inflammatory microenvironment to enhance the selfreactivity of pathogenic T lymphocytes. How Cpn infection
acts on the process of PBC remains to be clarified in future
studies.
In conclusion, the results of this study do not support
the hypothesis that infection with Cpn may be a triggering
agent or even a causative agent at least in Chinese patients
with PBC, but suggest that Cpn infection may contribute to
the high level of IgM present in most PBC patients.
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literature. It tends to occur at adult ages, but can be diagnosed
in childhood[3]. There is not any specific symptom or sign
of the disease. There may be single[3-6] or multifocal[3,7-9]
tumors in the spleen. On the other hand, cavernous
hemangioma is a benign vascular tumor consisting of dilated
blood vessels. In the present case, interestingly, in addition
to the splenic hemangiopericytoma there were multiple
cavernous hemangiomas on the adjacent colonic serosal
surfaces. There may be a sequential, rather than co-incidental,
relationship between the two distinct pathologies. We report
a case of multifocal hemangiopericytoma of the spleen and
cavernous hemangiomatosis of the adjacent colonic serosa.

Abstract

CASE REPORT
A healthy 31-years-old man presented with a three-year
history of early satiety and abdominal discomfort. He had
no history of weight loss. Physical and laboratory
examinations were normal. Gastroduedonoscopy showed
no pathologic finding. Abdominal ultrasonography revealed
suspicious nodular lesions in the spleen. Computed tomography
and magnetic resonance imaging showed hypervascular and
hypodense masses located in the splenic hilum (Figure 1).
Maximum size of the masses was 4 cm in diameter.
The patient underwent splenectomy for suspicion of
primary or secondary splenic malignancy. During the
operation, there were three exophytic nodular lesions in the
splenic hilum. In addition, there were also multiple small
lesions dark-red in color and 4-5 mm in diameter, resembling
to the purpuric lesions macroscopically, on the serosal surface
of the splenic flexura of the colon and descending colon.
One of them was excised.

A healthy 31-years-old man presented with a three-year
history of abdominal discomfort. Radiological examinations
revealed multifocal tumoral lesions in the spleen. The
patient underwent splenectomy for differantial diagnosis
and treatment. During the operation, in addition to the
splenic masses, there were also multiple milimetric
purpuric-like lesions on the colonic serosal surfaces
adjacent to the splenic hilus. One of them was excised.
Histologic examination showed hemangiopericytoma of
the spleen and cavernous hemangioma of the adjacent
colon. This is the first report showing the close association
of these two distinct lesions with vascular origin in the
literature. Despite not having any apparent evidence, there
may be a sequential relationship between the hemangiopericytoma of the spleen and cavernous hemangiomas.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hemangiopericytoma is a perivascular tumor originating
from pericytes located along capillaries and venules[1]. Tumor
may be benign or malign in behavior. It is most common in
the lower extremity, also occurs in the pelvic retroperitoneum
or other sites[2]. Hemangiopericytoma of the spleen is a rare
tumor and so far only eight patients have been reported in the

Histopathological findings
Spleen was 10 cm×8 cm×7 cm in diameter and weighted
200 g and there were three masses located in the splenic
hilum. The gross appearance of the masses showed colour
exchange into grayish-brown with a maximum diameter of
3 cm. Tumors were uncapsulated and their borders were
irregular. On microscopical examination, there was a tumoral
tissue consisting of slightly pleomorphic, atypical cells which
were ovoid or spindle in shape. Tumor cells were widespread
around the capillary vessels and had fusiform nuclei with
prominent nucleolus and eosinophilic cytoplasm (Figures 2
A and B). Mitotic activity was not observed. Tumoral cells
were stained positively with CD34 and Vimentin, but
negatively with lysozyme, cytokeratin, smooth muscle actin,
S-100, factor 8-releated antigen, desmin, HMB-45, CD117
and epithelial membrane antigen immunohistochemically.
This lesion was reported as hemangiopericytoma.
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Figure 1 CT and MR images of splenic hemangiopericytoma. A and B:
Enhanced computed tomography scan showing high-density masses located

A

B
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in the spleen. C and D: T1-weighted abdominal magnetic resonance images
showing multifocal hypervascular lesions in the spleen.

C

Figure 2 A: Spindle-shaped cells of hemangiopericytoma with eosinophilic
cytoplasm around the capillary vessels in the spleen (HE ×40); B: (HE ×200);

C: Dilated vessels of the cavernous hemangioma of the colonic serosa (HE × 40).

On histologic examination of the lesion excised from
the serosal surface of the splenic colon flexura, there was a
tumoral tissue consisting of dilated blood vessels with
flattaned endothelium and their lumens were containing
erythrocytes (Figure 2C). This lesion was reported as cavernous
hemangioma.
Immunohistochemistry of the both specimens (hemangiopericytoma and cavernous hemangioma) did not display
vascular endothelial growth factor (VEGF) expression.
The patient had an uneventfull recovery and discharged
on postoperative d 5. He did not take any additional therapy
and has been disease free for 36 mo of follow-up.

diagnosis and management of the splenic hemangiopericytoma
may be problematic because of the rarity of the disease. In
the present case, ultrasonography, computed tomography,
magnetic resonance imaging techniques were inconclusive.
In most of the cases, splenectomy seems to be necessary
for establishing prompt histologic diagnosis and providing
initial treatment of the disease.
Multiple milimetric cavernous hemangiomas of the
serosal surfaces of the colon is a rare condition and also
splenic hemangiopericytoma is rare. These two distinct
tumoral lesions were in the same region, multiple and all
three masses in the splenic hilum were growing as exophytic
tumors. We hypothesized that there may be triggering
substances, which were secreted locally from the tumoral
cells, leading paracrine stimulation of the some inducible
receptor positive cells in the adjacent tissue. These inducible

DISCUSSION
Despite the advances in imaging techniques, differential

Yilmazlar T et al. Splenic hemangiopericytoma and hemangioma

potential cells had proliferated and developed vascular
neoplasia by the effect of these substances. Similarly it
has been reported that VEGF may play a role in the
pathogenesis of vascular lesions such as cerebral cavernous
malformations [10] or cerebral hemangiopericytomas [11].
However VEGF reactivity was negative in both of cavernous
hemangioma and splenic hemangiopericytoma in the present
case. On the other hand, another substance or mechanism
that are not yet clear may play a role in the genesis of this
association. We believe that presence of two distinct lesions
in the same region was not a co-existence. It may be
sequential rather than co-incidental.
Hallen[6] reported that it was difficult to decide whether
the splenic hemangiopericytoma was benign or malignant.
They also reported that presence of multifocal tumors and
mitoses may be an indicator of poor prognosis. In the
present case, there were multifocal tumors but mitotic
activity was not observed on the histologic examination.
Despite multicentric lesions, recurrence has not been
described for 36 mo follow-up. Therefore, we think that
microscopic features, especially presence of mitosis, may
be more important than the presence of multifocal tumors
in predicting malign tumor behavior.
In conclusion, splenic hemangiopericytoma and
cavernous hemangiomas can be found in the same region
and there may be a sequential relationship between these
tumoral lesions.

4113

REFERENCES
1
2
3

4
5

6

7
8

9

10

11

Stout AP, Murray MR. Hemangiopericytoma. a vascular tumor
featuring zimmerman’s pericytes. Ann Surg 1942; 116: 26-33
Enzinger FH, Smith BH. Hemangiopericytoma. an analysis
of 106 cases. Hum Pathol 1976; 7: 61-82
Ciftci AO, Gedikoglu G, Firat PA, Senocak ME, Buyukpamukcu
N. Childhood splenic hemangiopericytoma: a previously unreported entity. J Pediatr Surg 1999; 34: 1884-1886
Neil JSA, Park HK. Hemangiopericytoma of the spleen. Am
J Clin Pathol 1991; 95: 680-683
Ferozzi F, Catanase C, Campani R. Emangiopericytoma
splenico: aspetti con tomografia computerizzatta in due casi.
Radiol Med 1998; 95: 122-124
Hallen M, Parada LA, Gorunova L, Palsson B, Dictor M,
Johansson B. Cytogenetic abnormalities in a hemangiopericytoma
of the spleen. Cancer Genet Cytogenet 2002; 136: 62-65
Jurado JG, Fuentes FT, Menendez CG, Jimenez AL, de la Riva ML.
Hemangiopericytoma of the spleen. Surgery 1989; 106: 575-577
Hosotoni R, Momoi H, Uchida H, Okabe Y, Kudo M, Todo
A, Ishikava T. Multiple hemangiopericytomas of the spleen.
Am J Gastroenterol 1992; 87: 1863-1865
Gilsanz C, Garcia-Castano J, Villalba MV, Vaquenizo MJ,
Lopez de la Riva M. Hémangiopéricytoma splénique. Presse
Med 1995; 24: 1316
Jung KH, Chu K, Jeong SW, Park HK, Bae HJ, Yoon BW.
Cerebral cavernous malformations with dynamic and progressive course: correlation study with vascular endothelial
growth factor. Arch Neurol 2003; 60: 1613-1618
Hatva E, Bohling T, Jaaskelainen J, Persico MG, Haltia M,
Alitalo K. Vascular growth factors and receptors in capillary
hemangioblastomas and hemangiopericytomas. Am J Pathol
1996; 148: 763-775
Science Editor Guo SY Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(26):4114-4116
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• CASE REPORT •

Acute exacerbation of autoimmune hepatitis induced by Twinrix
Antal Csepregi, Gerhard Treiber, Christoph Röcken, Peter Malfertheiner
Antal Csepregi, Gerhard Treiber, Christoph Röcken, Peter
Malfertheiner, Department of Gastroenterology, Hepatology,
and Infectious Diseases, Department of Pathology, Otto-vonGuericke University, Leipziger Str. 44, Magdeburg 39120,
Germany
Correspondence to: Antal Csepregi, MD, PhD, Department of
Gastroenterology, Hepatology, and Infectious Diseases, Otto-vonGuericke University, Leipziger Str. 44, Magdeburg D-39120,
Germany. csepregi.antal@medizin.uni-magdeburg.de
Telephone: +49-391-67-13-100 Fax: +49-391-67-13-105
Received: 2004-11-09 Accepted: 2004-11-29

Abstract
We report on a 26-year-old man who presented with severe
jaundice and elevated serum liver enzyme activities after
having received a dose of Twinrix. In his past medical
history, jaundice or abnormal liver function tests were never
recorded. Following admission, an elevated immunoglobulin
G level and antinuclear antibodies at a titer of 320 with a
homogenous pattern were found. Histology of a liver biopsy
showed marked bridging liver fibrosis and a chronic inflammation, compatible with autoimmune hepatitis. Treatment
was started with budesonide and ursodeoxycholic acid,
and led to complete normalization of the pathological
liver function tests. We believe that Twinrix led to an
acute exacerbation of an unrecognized autoimmune
hepatitis in our patient. The pathogenesis remains to be
clarified. It is tempting to speculate that inactivated
hepatitis A virus and/or recombinant surface antigen of
the hepatitis B virus -as seen in patients with chronic hepatitis
C and unrecognized autoimmune hepatitis who were
treated with interferon alpha-might have been responsible
for disease exacerbation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Autoimmune hepatitis (AIH) is a chronic immunity-mediated
inflammatory liver disease and is characterized by a marked
female preponderance, hypergammaglobulinemia, non-tissue
specific autoantibodies and a characteristic good response
to immunosuppressive treatment. Without treatment AIH
progresses to liver cirrhosis, and in 50% of patients advanced
liver fibrosis or complete cirrhosis is already present at the

time of diagnosis. Patients usually present with variable
unspecific symptoms. In a significant number of patients,
the presentation of AIH may be acute or fulminant mimicking
acute viral hepatitis[1]. We wish to report on a young male
patient, who presented with severe acute exacerbation of
a previously unrecognized AIH after the third dose of
Twinrix.

CASE REPORT
A 26-year-old Caucasian man presented in August 2003
with severe jaundice associated with elevated serum liver
enzyme activities after having received the third dose of
Twinrix. The first dose was given five months ago, in March
2003, and the second in April 2003. The past medical history
of the patient was unremarkable and jaundice or abnormal
liver function tests were previously unknown. He denied
any alcohol intake or drug (ab)use, and had not been exposed
to any blood products. No family history of liver diseases
was given. The physical examination showed a moderately
enlarged liver without stigmata of chronic liver disease. Blood
tests showed elevated alanine aminotransferase (ALT) with
50.4 µmol/s.L (reference interval 0.17-0.60 µmol/s.L),
aspartate aminotransferase (AST) with 33.2 µmol/s.L (reference
interval <0.17-0.60 µmol/s.L), and serum bilirubin with
17.2 mg/dL (reference interval <1.1 mg/dL), while the
γ-globulin fraction was with 23.3% only slightly elevated.
Full blood count, creatinine, urea and electrolytes were within
the normal limits. Serological tests for viral hepatitis, including
hepatitis A, B, and C viruses, and human herpes viruses were
all negative. There was no evidence of a metabolic liver
disease or biliary obstruction. Because serum liver function
tests did not improve on follow-up (Figure 1), a percutaneous
liver biopsy was taken in November 2003 (see below). A
month later the patient was referred to our University Hospital
for further evaluation. On admission, serum ALT was raising
again (16.40 µmol/s.L). Additionally, we found elevated
immunoglobulin G fraction with 22.70 g/L (reference
interval 9-16 g/L) and antinuclear antibodies at a titer of 320
with homogenous immunofluorescence pattern suggestive
of AIH. The liver biopsy was re-examined using paraffin
sections stained with hematoxylin and eosin (H&E),
periodic-acid Schiff (PAS) reagent with and without diastase
pretreatment, Masson‘s trichrome stain, reticulin stain, and
iron stain. Histologically, marked bridging fibrosis was noted
(Figure 2A). A moderate chronic inflammatory infiltrate
with few scattered eosinophils was found in the septa, an
interface hepatitis was noted and small, partly confluent
necroinflammatory foci were present in the parenchyma
(Figures 2B and C). A pathological iron deposition or
diastase-resistant PAS-positive globuli indicating α1antitrypsin deficiency, were not found. The histopathological

Csepregi A et al. Twinrix and autoimmune hepatitis

findings were compatible with advanced AIH. The patients
was than treated with budesonide (Budenofalk), 3 mg
tiw and ursodeoxycholic acid (Ursofalk), 250 mg tiw,
which resulted in complete normalization of the liver
function tests (Figure 1). The excellent response to
immunosuppressive therapy further supports the diagnosis
of AIH.
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50

Bilirubin (mg/dL)

40
30
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Figure 1 Changes of alanine aminotransferase activity and serum bilirubin level
on follow-up and during the therapy with budesonide and ursodeoxycholic acid.

A
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C

Figure 2 A liver biopsy obtained 3 mo after the first clinical presentation of the
patient showed marked bridging fibrosis (A). A moderate chronic inflammatory
infiltrate with few scattered eosinophils was found in the septa (B), and an
interface hepatitis was also noted (C). The histopathological findings were
compatible with AIH. Masson trichrome stain (A) and H&E-stain (B and C).
Original magnifications 100x (A and B) and 200x (C).

4115

DRB3*0101 or DRB4*0401 positive[1,5].
AIH was reported repeatedly to manifest after viral
infections. Some reports suggested that HAV might induce
AIH in genetically susceptible persons[6,7], and protracted
HAV infection was strongly associated with HLA-DRB*1301,
which is a marker for AIH in pediatric patients [8]. The
activation of an anti-HBsAg response was, however, not
sufficient to induce AIH in an HBV envelope transgenic
mouse model [9]. In our patient, who had a previously
unrecognized, clinically silent AIH with advanced liver
fibrosis, the exposure to Twinrix led to the development
of severe jaundice and an acute, clinically overt exacerbation
of chronic liver disease. No other case of AIH after
vaccination has been reported yet. Postmarketing studies
occassionally described on jaundice and acute hepatitis after
the use of Havrix and abnormal liver function tests using
Engerix-B[3]. Moreover, vaccination was never reported
to lead to chronic liver disease. The pathogenesis of acute
exacerbation of this previously clinically silent AIH remains
to be clarified. Inactivated HAV and/or rHBsAg are not
known to be hepatotoxins, therefore, an intrinsic
hepatotoxic effect is highly unlikely. Rather, Twinrix
probably caused an idiosyncratic reaction, i.e. hypersensitivity. Several drugs can cause chronic hepatitis,
biochemically, serologically, and histologically almost
indistinguishable from AIH and have been named druginduced AIH[10].
In view of the advanced liver fibrosis in our patient,
and the relatively recent immunization with Twinrix, we
believe that our patient already suffered from AIH. Druginduced AIH usually have a long and variable latency
period until clinical presentation and was not observed in
our patient. Similarly, patients with chronic hepatitis C
receiving interferon alpha[11] may also experience an acute
exacerbation of AIH. This further supports our assumption
that in our patient Twinrix caused an acute exacerbation
rather than an induction of AIH in a previously healthy
liver. The therapy with the local active corticosteroid,
budesonide, resulted in complete remission of the disease
which-based also on our clinical experiences-represents
an effective treatment of AIH [12].
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Abstract
We report a case of the rare solid-pseudopapillary tumor
of the pancreas. In contrast to other pancreatic tumors,
the solid-pseudopapillary tumor has a favorable prognosis.
The 60-year-old female patient we report on here was
treated by left pancreatic resection combined with
splenectomy for a non-metastasizing tumor of the
pancreas. A solid-pseudopapillary tumor was found on
histology. The patient had no signs of metastases at present.
Since a microscopically invasive tumor growth is assumed,
oncologically curative resection should be preferred vs
the less radical enucleation. The rare solid-pseudopapillary
tumor of the pancreas has a good prognosis after
successful oncological resection.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Solid-pseudopapillary tumor of the pancreas is a rare condition.
In the literature, about 300 cases have been reported. This
tumor was first described in 1959[1]. It is also known under
the term FRANTZ tumor, named after the author who
first described this tumor, which has also been referred to
as solid cystic tumor; papillary epithelial neoplasia; solid and
papillary epithelial neoplasia; or papillary epithelial tumor.
In 1996, this tumor was included in the WHO classification
of pancreatic tumors[2]. The origin of the solid-pseudopapillary
tumor has not yet been clarified. It is discussed to originate
either from ductal epithelium3-6], acinar cells[7-11], or from
endocrine cells [12,13]. Another hypothesis is that this tumor arises

from pluripotent embryonic cells of the pancreas[12,14,15] or
from ridges/ovarian anlage related cells, which were attached
to the pancreatic tissue during early embryogenesis[16,17].
Solid-pseudopapillary tumor of the pancreas has a tendency
to predominantly affect young women aged between 25
and 35 years[4,8,14,18-22]. Age is reported to range from 8[15] to
70 years[3]. However, a relationship to oral contraception
has not been proven[8]. This tumor rarely affects men[23-26]
and is characterized by a long asymptomatic course and
unspecific symptoms. Therefore, it is not uncommon that
solid-pseudopapillary tumor is detected only when it has
reached a remarkable size (8-10 cm)[4,10]. Even a tumor size
of 20 cm in diameter has been reported[27].
One feature of this tumor is its low malignant potential.
Although the liver is found to be the site mostly affected by
metastases, these are only rarely seen[15,23,27,28]. Furthermore,
there are only few reports about invasive growth[3,4]. Survival
time has been reported to reach up to 21 years[1].
Here, we report on a 60-year-old woman, who was found
to suffer from a non-metastazing solid-pseudopapillary tumor
of the pancreatic tail. Curative resection was perfo-rmed.

CASE REPORT
A 60-year-old Caucasian woman attended her GP for recurring
headache. An X-ray of the spine showed calcifications
projecting onto the left upper kidney. Ultrasound and CTscan of the abdomen showed a polycystic tumor in the tail
of the pancreas, which measured approximately 14 cm in
maximum diameter.
After the patient was referred to a general hospital a biopsy
for cytology was obtained using endoscopic ultrasonography
and provided suspicion of a malignant tumor. MRT of the
abdomen showed a lesion, which was incompatible with a
benign tumor or pseudocyst, and raised suspicion of a
cystadenocarcinoma of the pancreas. Finally the patient was
referred to our University. The past medical history of the
patient included uncomplicated deliveries of four children,
no abortions or miscarriages. No history was given suggestive
of chronic pancreatitis. The family and social history gave
no evidence of a familial cancer syndrome. On admission
the patient was mobile, orientated in time, place and person,
afebrile and normotonic. Palpation of the abdomen revealed
a mild dull pain in the left upper abdomen.
Blood tests showed mild hypercholesterolemia and normal
LFT, U&E, and FBC. The tumormarkers CEA, CA19-9
and CA125 were normal. X-ray of the chest and ECG were
normal.
A laparotomy was performed and the a tumor of the
pancreatic tail explored. No metastases were found. The
preparation of the tumor showed a brown colored and
good separated growth. A distal pancreatectomy combined
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with splenectomy was indicated and deperformed. The
pancreatic resection margin was free of cancer as
demonstrated by frozen section.
Ten days later the patient was discharged from our
University hospital without any postoperative complications.
The patient is followed up in our tumor dispensaire.
The pancreatic tumor measured 14 cm in greatest
diameter and was located in the pancreatic tail. The cut
surface was yellow in color with hemorrhages (Figure 1A).
Histologically, the tumor was encapsulated by a fibrous
pseudocapsule and characterized by extensive old necroses,
large hyalin scars, cholesterin crystals surrounded by foreign
body giant cells and calcifications. After extensive sampling
small areas of preserved tumor were found under the fibrous
capsule. The tumor tissue exhibits a solid monomorphic
pattern with small polyhedral cells lining fibrovascular stalks
(Figure 1C). A pseudopapillary pattern was noted in areas
with regressive changes (Figure 1B). Perineural invasion,
angioinvasion, or deep invasion were not found. Immunohistochemistry with antibodies directed against alpha-1antitrypsin (Figure 1D), neuron-specific enolase, and CEA
showed immunostaining of tumor cells. Immunostaining was
not observed with antibodies directed against pancytokeratin
(AE1/AE3), CK 8, CK18, chromogranin A, synaptophysin,
S-100, and alpha-fetoprotein.
The histological and immunohistochemical findings were
in keeping with the diagnosis of a solid-pseudopapillary
tumor of the pancreas.
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DISCUSSION
Although the vast majority of patients with a solid pseudopapillary tumor of the pancreas are young women, our
patient, affected by this lesion, was already 60 years old. In
85-90% of the patients the prognosis of the tumor is
excellent [16]. Some authors [15,21] described an aggressive
growth of the tumor in older patients. Our observations
are not in accordance with them. A 53-year-old woman
with a solid-pseudopapillary tumor of the pancreatic head
treated by radical partial pancreaticoduodenectomy in 1998
is still tumor free at present.
Owing to the slow growth of solid-pseudopapillary tumors,
typical early symptoms are lacking. These are only found in
conjunction with a higher number of local displacements.
In our case, the patient consulted her doctor because of
recurrent headache. She never had suffered from epigastric
or abdominal pain. In order to investigate putative causes
for recurrent headache, X-rays were taken from the spine
and calcifications were noted projecting onto the left upper
kidney. A tumor of the pancreatic tail was found on
ultrasound and CT-scan of the abdomen. In general, owing
to the lack of symptoms, a diagnosis of these tumors is possible
only when their diameter is in the range of 12-14 cm. There
seems to be no correlation between tumor size and behavior[23].
Venous invasion, degree of nuclear atypia, mitotic count
and large necrotic clusters are considered histological
markers of an increased potential of malignancy[23]. A further
criterion is the nuclear DNA-ploidy grade. Kamei and

A

B
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D

Figure 1 cross section of the pancreatic tumor showed a yellow tumor with
hemorrhages (A); bar indicates 1 cm. The tumor tissue exhibits a solid monomorphic
pattern with a pseudopapillary pattern in areas with regressive changes (B) and
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small polyhedral cells lining fibrovascular stalks (C). The tumor cells were
immunoreactive for alpha-1-antitrypsin (D). Hematoxylin and eosin (B and C),
anti-alpha-1-antitrypsin (D); Original magnification: x100 (B), x200 (C), x400 (D).
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Nishihara [23] demonstrated aneuploidy in patients with
metastases, whereas patients without any sign of malignancy
showed diploidy. However, this issue is controversially
discussed in the literature. In any case, patients exhibiting
these markers should be subject to particularly critical
surveillance. Opposite to our patient, a complete fibrous
capsule always be found in these tumors [23] . Capsular
invasions have been described[3] and typically the preserved
tumor tissue is found in the periphery, as shown here.
Furthermore, tumors may infiltrate into both the sane
pancreatic parenchyma and peripancreatic adipose tissue[19].
Therefore, resection according to oncological criteria should
be preferred over “radical enucleation” [11] and/or local
excision[20]. In addition, since the tumor is confined to the
organ or develops metastases only at later time points, radical
surgery of a solid-pseudopapillary tumor of the pancreas
could be curative.
In conclusion, the patient bearing a solid-pseudopapillary
tumor of the pancreas has a good prognosis if the tumor is
resected completely, shows no histological evidence of
malignancy and demonstrates a diploid population of tumor
cells in DNA analysis.
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Abstract
Diagnosis of hepatocellular carcinoma (HCC), a common
digestive malignancy, remains a challenge. The aim of
this study was to evaluate the feasibility of performing
laparoscopy and laparoscopic ultrasound with local
anesthesia as a diagnostic procedure in HCC. Laparoscopy
and laparoscopic ultrasound with local anesthesia was
performed in the gastrointestinal endoscopy unit in three
patients diagnosed of HCC. Endoscopy staged diffuse liver
disease. Laparoscopic ultrasonography identified all liver
tumors not visible during endoscopy and guided needle
biopsy in one case. No complications happened. In
conclusion, laparoscopy and laparoscopic ultrasound,
performed as a minimally invasive diagnostic procedure
can be a safe and very promising tool in planning therapy
of HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
primary liver cancer[1]. Nevertheless, less than a third of
patients are candidate to radical treatments[2]. Besides the
low hepatic reserve of usual underlying cirrhosis, one of
the explanations of these poor results are the limited accuracy
and discrepancies between the imaging techniques in the
discovering and staging of neoplasm[3,4]. There is a common
agreement that the most accurate diagnostic method is
operative assessment with ultrasound[5,6]. But this approach

bears an unacceptable morbidity and mortality precluding
its general use.
Laparoscopy, initially introduced in gastroenterology,
affords an excellent view of the intra-abdominal organs,
although the inner part is not accessible to inspection[7].
In the mid-1980’s pilot studies described laparoscopic
ultrasound that combined the advantages of a visual
assessment of peritoneal cavity and all the organs, specifically
the liver, with the high resolution of intraoperative ultrasound
examination[8-10]. More recently, with the incorporation of
laparoscopic surgery into the practice of general surgery, it
has been shown that this procedure optimizes staging in
hepatic malignancy[11-14]. However, surgical laparoscopic
ultrasound typically performed under general anesthesia
exposes patients to certain risks and increases costs. So,
laparoscopy with ultrasound scanning, performed under
local anesthesia could be a safer procedure providing
meaningful information.
Our initial experience using diagnostic laparoscopy and
laparoscopic ultrasound with local anesthesia is shown.

CASE REPORT
Laparoscopy with laparoscopic ultrasound procedures was
performed in three consecutive patients diagnosed of HCC.
The procedures were performed with local anesthesia in
the gastrointestinal endoscopy unit. Oxygen saturation and
heart rate were automatically monitored. After puncturing
in the left upper quadrant of the abdomen, near the
umbilicus, with a multihole 21-gauge needle, pneumoperitoneum with oxygen insufflation was established. Then,
two 11-mm laparoscopic trocars were inserted. The first
one was inserted through the pneumoperitoneum puncture
site. Then, a frontal high-resolution video laparoscope
(Olympus GTV-S6, Olympus Optical Co., Ltd, Japan) was
introduced into the cannula, performing an initial endoscopic
exploration of the peritoneal cavity. Another trocar was
positioned to introduce the ultrasonic probe making a choice
between the right paraumbilical region and the right inferior
quadrant in accordance with abdominal characteristics.
The laparoscopic ultrasonography was performed using
ultrasonographic equipment (Olympus IU-E1, Olympus
Optical Co., Ltd, Japan) that included a linear 7.5 MHz,
9.9 mm in diameter, orientable-tip probe (Olympus MH300, Olympus Optical Co., Ltd, Japan) placed in contact
with liver capsule. All probe manipulations during ultrasound
scanning were guided by direct eye vision. The liver was
systematically scanned at its front, upper (diaphragmatic),
and lateral surfaces by moving the probe. For the left lobe
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exploration of the liver, the probe was transferred to the
epigastric port. The parenquima, hepatic and portal veins
were then carefully scanned, by using advancementwithdrawal maneuvers, lateral movements, sweeping and
rotating the probe over the liver surface, in an attempt to
identify the segmental anatomy. Duration of procedure
ranged between 60 and 90 min. Recovery monitoring was
performed for 15 min in gastrointestinal suite. Patients were
then admitted for 22-h observation and later discharged.
Case 1
A 69-year-old male patient with previous chronic C hepatitis
was diagnosed after abdominal ultrasonography and biopsy
of HCC. Ultrasonography and abdominal computed
tomography showed one tumor, 36 mm in diameter, located
in the right lobe (segment V) (Figure 1). Laparoscopic
examination demonstrated liver cirrhosis without tumor in
surface (Figure 2A). Laparoscopic sonogram described the
neoplastic deposit that was impossible to endoscopically
visualize (Figure 2B). No other tumors were discovered
inside the liver. Two grams of magnesium metamizole were
intravenously administered at the end of procedure. Some
days later, laparotomy with intraoperative ultrasonography
was carried out with no additional findings, and then a surgical
atypical hepatectomy was performed. Postoperatory was
unremarkable and patient has remained without recurrence
for 21 mo.
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Case 2
A 51-year-old male diagnosed of alcoholic and viral C liver
cirrhosis with portal hypertension developed ascites. He had
a history of a hemangioma in both liver lobes. Former
abdominal ultrasonography and computed tomography
discovered a new 16-mm nodule whose biopsy diagnosed
a HCC (Figure 3). Laparoscopy showed liver cirrhosis with
portal hypertension and ascites (Figure 4A), whereas
laparoscopic ultrasonography confir med previous
conventional radiological findings (Figure 4B). No analgesic
drugs were required. Although the patient was selected for
resection at that moment, during laparotomy unresectability
was determined after discovering malignant diaphragm
implant, and then radio-frequency treatment was carried out.
The patient, in Child-Pugh B functional stage, refused liver
transplantation and no antitumoral therapy was given.

Figure 3 Sonogram showing a 16-mm hypoechoic hepatic nodule in segment
IV, histologically diagnosed of HCC.

V

A

B

RI

Figure 1 Oblique sonogram of right lobe of the liver showing a predominantly
hypoechoic mass. V: gallbladder. RI: right kidney.
Figure 4 A: Laparoscopy displaying the left lobe of the liver with mediumsized nodules and without evidences of neoplasm; B: The endoscopic sonogram
confirming the intrahepatic presence of uninodular HCC.

A

B

Figure 2 A: Endoscopic liver image of cirrhosis. Ultrasonic probe is placed in
contact to a fibrotic depressed whitish area near the gallbladder; B: Laparoscopic
sonogram revealing a tumor under liver surface.

Case 3
A 59-year-old male with prior history of 140 g/d of ethanol
intake started with right hypocondrium pain. After abdominal
sonogram, computed tomography scans and abnormal serum
α-fetoprotein (2 440 ng/mL) a diagnosis of HCC was made
(Figure 5). There were 4 tumors in right lobe, ranging from
1 to 7 cm in diameter. On laparoscopy chronic non-cirrhotic
liver disease without neoplasm on surface was discovered
(Figure 6A). Laparoscopic ultrasonography showed all the
lesions. Sonographically guided biopsy gave a confirmatory
result of HCC (Figure 6B). Non-neoplastic tissue obtained at
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laparoscopy revealed an alcoholic hepatitis with fibrosis but
without cirrhosis. Magnesium metamizole (2 g) combined with
atropine (1 mg) were intravenously given during the procedure.
Twenty moths later the patient is alive in a consumptive state.

Figure 5 Sonogram revealing a hypo-isoechoic tumor in the center of the right
lobe of the liver.

A

B

Figure 6 A: Upper aspect of right lobe of the liver. The surface is not perfectly
smooth owing to the presence of alternately reddish areas slightly elevated with
respect to lighter colored ones; B: Laparoscopic sonogram showing a very well
defined tumor near a vascular structure.

DISCUSSION
Staging surgical laparoscopy with laparoscopic ultrasound,
has been reported in the last several years as an important
tool in the diagnostic approach to hepatobiliary and
pancreatic malignancy, avoiding unnecessary laparotomy in
up to 46% of patients[11-14]. In HCC, surgical laparoscopy
with laparoscopic ultrasound also optimizes patient selection
for curative hepatic resection, discovering unresectable
disease in as much as 63% of cases[15-17].
Some years ago, Ido et al., reported in Japan [18] that
laparoscopic ultrasound performed with local anesthesia
diagnosed new nodular lesions in 64 out of 186 patients
(34%). Twenty-eight nodules in 23 of the 186 patients (12%)
were identified as HCC after biopsy. During the follow-up
other 10 lesions, which had initially described as
noncarcinomatous nodules, were diagnosed as HCC. So,
laparoscopic ultrasonography discovered new HCC nodules
in 17% of patients, defining multicentric neoplasm and
avoiding unnecessary open surgery.
In our patients, laparoscopy with laparoscopic ultrasound
was successfully performed in the gastrointestinal endoscopy
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unit. There were no complications related to procedure that
was done just under local anesthesia with non-narcotic
analgesic drugs. So, this type of diagnostic laparoscopy seems
as safe as standard laparoscopy[7]. Endoscopic findings were
liver cirrhosis in two cases (one with portal hypertension
and ascites) and chronic liver disease without cirrhosis in
the other one. There were no tumors on the liver surface.
Extrahepatic, including peritoneal, spread was not detected.
Laparoscopic ultrasonography confirmed location and
number of lesions diagnosed by conventional imaging. In
particular, ultrasonographic pictures had similar characteristics
to those of transparietal sonography, but with higher quality
and definition. In the patient lacking previous histologic
diagnosis, the tumor was biopsied with laparoscopic
ultrasound guidance, achieving a definitive confirmation of
hepatocellular carcinoma.
In conclusion, our preliminary experience suggests that
laparoscopy with laparoscopic ultrasonography carried out
with local anesthesia in a nearly ambulatory setting could be
a safe, effective and relatively simple procedure in staging
of HCC and optimizing patient selection for liver resection
or transplantation. The procedure, that is well tolerated and
carried out with minimal drug therapy, may be cost-effective
for HCC diagnostic assessment. Ultrasonography, providing
the image of interior of the liver and guiding puncture,
increased sensitivity to laparoscopic procedure. On the other
hand, endoscopic examination diagnosed in one case a noncirrhotic liver, later confirmed after biopsy, finding that is
associated with a better chance of hepatectomy and survival.
Staging was correct in all cases except one wherein
diaphragm infiltration was not detected at endoscopic study.
The visual assessment of some areas, as dorsal surface of
the right lobe, is still difficult and led to this false negative
result. This problem could probably be overcome employing
an orientable-tip device. Besides, this technique could be
also useful in detection and ultrasonography-guided biopsy
of lesions not accessible to conventional diagnostic
approach. Consequently, this procedure, which may be a
powerful tool in the management of HCC, must be
extensively evaluated.
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TO THE EDITOR
Although the incidence of gastric cancer has declined
somewhat in recent years, it remains one of the most
common cancers worldwide[1], and is the most common
cancer in East Asian countries such as Korea and Japan[2].
In terms of the genetics of gastric cancer, mutations in
CDH1 (E-cadherin) have been associated with hereditary
diffuse gastric cancer (HDGC). The first germline mutation
in CDH1 was reported in a large Maori HDGC family[1],
with subsequent corroborations in Western and Asian
HDGC families[3-5]. CDH1 mutations are believed to be
associated with up to 50% of HDGC families[5], but have
not been linked with sporadic or intestinal types of gastric
cancer [5]. Interestingly, the observed CDH1 germline
mutations differ between Western and Asian countries; the
mutation frequencies are higher in Western countries, with
predominately truncating germline mutations observed,
whereas only a few different missense mutations have been
reported in Asian countries[6]. This ethnic difference and
the low frequencies of CDH1 germline mutation in Asian
populations prompted researchers to seek other susceptibility
gene for Asian familial gastric cancer (FGC)[2,7]. We found a
MET germline mutation in a FGC patient suffering from a
diffuse type of gastric cancer[2], and another group reported
a MET germline mutation in a gastric cancer patient without
detailed family history information[7]. These MET germline
mutations were also found in Korean gastric cancer patients,
but the overall MET mutation frequencies seem to be low

(1% [7] and 5% [2]), suggesting that while MET germline
mutations may be causative in Korean or Asian gastric cancer
patients, they likely do not play a major role in the
development of FGC. Thus, no major FGC-related
susceptibility gene has been identified in Asian countries
to date.
The TP53 tumor suppressor gene is known to cause
Li-Fraumeni Syndrome (LFS), a rare hereditary clustering
of malignancies including sarcoma, breast cancer, brain
tumor, leukemia and adrenocortical carcinoma (Table 1)[8].
Along with these five major cancers, LFS has also been
associated with a wider range of tumors, such as melanoma,
Wilms’ tumor, lung, gastric, and pancreatic carcinoma[8].
The definition of LFS includes a proband diagnosed with
sarcoma before 45 years of age, a first-degree relative with
cancer before this same age, and another first-or seconddegree relative in the lineage with any cancer before this
age or sarcoma at any age[9]. TP53 germline mutations have
been reported in around 80% of LFS and 40% of LiFraumeni-like (LFL) syndrome patients[8].
Recently, Keller et al., reported a TP53 germline mutation
in one German FGC patient[10]. They further performed
mutational screening of CDH1 and TP53 in 35 FGC patients,
which led to identification of two CDH1 (one frameshift
and one missense) and one TP53 (missense) germline
mutation (1 out of 34, for a 3% mutation frequency in
TP53; only the proband was available for analysis). This
novel report of a TP53 germline mutation in one FGC
patient suggested that TP53 might play a role in the
development of FGC. Based on this, Keller et al.,
recommended that the TP53 gene should be included in
genetic screening of FGC patients with a suspected genetic
predisposition for the disease.
Very recently, Oliveira et al., reported a TP53 germline
mutation in 1 out of 10 screened FGC families from
Portugal, which also has a high incidence of gastric cancer[11].
Interestingly, the Portuguese family with the TP53 germline
mutation had a family history of both FGC (three gastric
cancer members) and atypical LFS (one pancreatic cancer
patient and one colon cancer patient). This family had
previously been described as a Li-Fraumeni kindred[12]. Based
on these results, Oliveira et al., reiterated the suggestion
of Keller et al., that families with an excess of gastric cancer
should be considered for TP53 mutation screening. These
two reports differ from two previous studies of Japanese
FGC families, in which no TP53 germline mutations were
identified[13,14].
In our lab, we screened the entire coding region of TP53
in probands from 23 Korean FGC families. We identified a
nonsense (E287X) TP53 germline mutation in 1 (SNU-G2)

Kim IJ et al. Familial gastric cancers and Li-Fraumeni Syndrome

4125

Table 1 Definition of Li-Fraumeni syndrome and familial gastric cancer subtypes (familial gastric cancer, hereditary diffuse gastric cancer,
and familial intestinal gastric cancer)
Hereditary cancer
1

Li-Fraumeni syndrome (LFS)

Definition

Reference

A proband with a sarcoma under 45 yr

8

Plus 1st degree relative under 45 yr with any cancer
Plus an additional 1st or 2nd degree relative in the same lineage with
any cancer aged under 45 yr or sarcoma at any age
2

Familial gastric cancer (FGC)

At least two gastric cancer patients within 1st degree relatives

6

and one patient diagnosed before the age of 50
2-(1)

Hereditary diffuse gastric cancer (HDGC)

(1) Two or more diffuse gastric cancer patients in 1st or 2nd degree relatives,

15

with at least one diagnosed before the age of 50
(2) Three or more diffuse gastric cancer patients in 1st or 2nd degree relatives,
indepently of age of onset
2-(2)

Familail intestinal gastric cancer (FIGC)

At least three relatives should have intestinal gastric cancer and one of them

15

should be a 1st degree relative of the other two
Plus at least two successive generations should be affected
plus in one of the relatives, gastric cancer shoul be diagnosed before
the age of 50
Criteria for countries with high incidence of gastric cancer.

out of the 23 screened individuals [6]. The E287X TP53
mutation segregated with the cancer phenotype in family
members from whom DNA samples were available. As
there were seven individuals in this family affected with
gastric cancer, we initially believed that TP53 might be a
new candidate gene for FGC. However, a thorough clinical
investigation revealed that two members of this family were
afflicted with brain tumors, seven with gastric cancers, two
with sarcomas and one with both gastric cancer and a
sarcoma. This family history is compatible with both FGC
and LFS. Thus, it is highly probable that the identified TP53
germline mutation in our family (and perhaps those
investigated in the other papers) is associated with LFS
regardless of FGC history.
Based on this observation, we examined the pedigree in
which Keller et al.[10], identified their TP53 germline mutation.
This family included three gastric cancer patients, 1 individual
who died of leukemia at age 17, one individual who died
of liver carcinoma at age 34, and two individuals (younger
brothers of the proband) for whom the causes of death
were not listed. Although this family history satisfies the
criteria for FGC, the family cannot be excluded from
meeting the LFS criteria[8,9]. Indeed, if this family was listed
as including one sarcoma patient, the family history could
satisfy the classical LFS criteria[8,9].
Thus, the three recent papers[6,10,11] appear to indicate
that germline mutations in TP53 likely do not contribute
significantly to the development of FGC, but are instead
associated with LFS, which may be accompanied by FGC
in countries with high gastric cancer incidences. As there is
presently insufficient clinical data to assess the incidence
and prevalence of LFS in countries with high gastric cancer
incidence rates, these results are very important for directing
the genetic screening and counseling of FGC families. As
suggested by Keller et al. [10], and Oliveira et al.[11], TP53
mutation screening should be performed in FGC families
with LFS-related cancers, whether or not the mutation is
causative of FGC or only LFS. In addition, further work

will be warranted to determine more clearly whether or
not TP53 contributes to the development of FGC with
LFS-related clinical symptoms.
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bowel diseases: From the mystical
to the cellular and now the
molecular.
‘Science (IBD) is moving but
slowly, slowly creeping on from
point to point’.
Alfred Lord Tennyson (1809-1892)

It is of interest in an era of increasing biomedical sophistication
to recall that a relatively short time ago, early in the 20th
century, ‘simple’ ulcerative colitis was an obscure ‘medical
curiosity’ emerging slowly from an unknown past. Crohn’s
disease was yet unidentified as a separate entity although
careful review of the IBD literature documented its early
presence, masquerading as ‘intestinal tuberculosis’. Into the
1930s, the etiology and pathogenesis of ulcerative colitis
and Crohn’s disease were unknown, and investigative
hypotheses were scarce. Therapeutic resources were limited
and treatment was primitive. At a time of limited biomedical
knowledge and minimal clinical awareness, unsubstantiated
views prevailed, including ‘vague reactions to foods’ (sugar,
margarine, corn flakes), deficiency of a ‘protective factor’
in pig intestine, and psychiatric disease.
The position of inflammatory bowel diseases in the
medical world today is vastly different. Ulcerative colitis
and Crohn’s disease are now recognized worldwide, are
frequent subjects at medical meetings and increasingly
provide the focus of important clinical and laboratory
research. Indeed, few diseases in gastroenterology present
as varied an array of investigative opportunities. This
dramatic change began in the mid-20th century with the
increasing support of biomedical research and the

subsequent growth of the basic sciences, highlighted by the
adiscoveries of sulfonamides in the 1930s, antibiotics in
the 1940s, and ACTH and adrenocorticosteroids in the
1950s. The entry of young physicians into gastroenterology
during the 1930s and 1940s, trained in the rigors of basic
research and controlled clinical study, contributed to this
advance. Progress accelerated following the establishment
of the General Medicine Study Section of the National
Institutes of Health in 1956, which subsequently provided
a major source for support of research in gastroenterology,
the growth of academic medicine, and the establishment
of the Crohn’s and Colitis Foundation of America. By the
1970s, sufficient new clinical and scientific information on
IBD had been accumulated to justify a comprehensive
publication on ulcerative colitis and Crohn’s disease, the
1975 1st Edition of Inflammatory Bowel Diseases, a volume of
approximately 400 pages, with contributions from 25 authors.
Subsequent editions of Inflammatory Bowel Diseases, appearing
approximately every five years, documented the increasing
depth and sophistication of clinical and scientific knowledge
of ulcerative colitis and Crohn’s disease. The 3rd Edition of
Inflammatory Bowel Diseases in 1985, involving 44 authorities,
had doubled in size and included chapters on the nature of
intestinal defenses, the M cell, early information on
immunologic and genetic aspects of ulcerative colitis and
Crohn’s disease, as well as advances in the pathology,
radiology and endoscopy of IBD, and its improving medical
and surgical treatment. Psychiatric and other early 20th
century hypotheses had been replaced by concepts based in
the disciplines of epidemiology, microbiology, immunology
and genetics.
Into the 1990s, with more investigators involved,
knowledge of the inflammatory bowel diseases increased
exponentially. Etiologic possibilities, as outlined by R Balfour
Sartor, now were more definitive, including persistent
pathogenic microbial infection, enhanced intestinal mucosal
permeability, ‘dysbiosis’ or the altered balance of protective
bacteria vs aggressive commensals, and ‘dysregulated’ immune
responses, leading to loss of oral tolerance to commensal bacteria
and aggressive cellular activation. Academically based IBD
centers generated more focused research and controlled
therapeutic trials. IBD research in the laboratory had
advanced from the study of tissues and epithelial cells to
cellular biology and cellular constituents. Chapters now
included the biologic nature of the IBD tissue reactions,
the gut mucosal immune system and more advanced
immunological and genetic mechanisms. Ulcerative colitis
and Crohn’s disease had become features of national and
international medical meetings attracting large audiences.
The 1999 5th Edition included more than 70 authorities
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submitting increasingly diverse chapters on epithelial cell
function in health and disease (including heat shock proteins,
and trefoil peptides), cytokines, chemokines, growth factors,
eicosanoids and other bioactive molecules in clinical IBD
and experimental intestinal inflammation, leukocyteendothelial interactions, altered intestinal neuromuscular
function, and the nature of oral tolerance. Genetic studies
had identified susceptibility loci for ulcerative colitis and,
most importantly, a locus (now identified as NOD-2) on
chromosome 16 for Crohn’s disease, particularly involving
the ileum, the first gene linked with susceptibility to Crohn’s
disease. Transgenic and recombinatorial science now
facilitated the creation of a variety of experimental animal
models seeking to approximate human IBD, thereby
enabling the more comprehensive study of intestinal tissue
injury. The molecular nature of inflammation now became
a prime area of investigation, with therapeutic dividends.
After one hundred years of intermittent immunologic
research led to the identification of tumor necrosis factor
(TNF), an antibody to TNF proved to be a highly effective
treatment, though not a cure, for Crohn’s disease. Newly
recognized bioactive molecules, IL-1, IL-2R, CAMS,
addressins, defensins, flagellins, granulysins, selectins,
claudins, annexins, guanilyns, laminins, intimins, aquaporins,
and microsins now filled the IBD literature. Into the 21st
century, additionbal bioactive molecules relevant to intestinal
inflammation were identified at a rapid pace: adaptins,
fibrillarins, syndecan-1, stromelysin, integrins, galanin-1,
tropomyosin, fibroblast growth factor, epidermal growth
factor, permeability-enhancing factor, neurotrophins,
survivins, ubiquitins and zonulins.
The many pro-inflammatory and immunoregulation
molecules, countless cytokines, and other biological
substances, generated a series of novel biologic therapeutic
agents (CP571, IDEC-131, OPC 6535, LDP02, CDP870
J695), creating a formidable, if not intimidating, array of
terms and pathways for the IBD physician and investigator
alike. How do these molecules relate to IBD and to each
other? Where are the signaling mechanisms and pathways
determining their coordinated action? Are they different in
ulcerative colitis and Crohn’s disease? Does NFκB have
both pro-inflammatory and anti-inflammatory actions, also
involving trace elements (boron, selenium, vanadium, zinc)?
Are there other dominant pro-inflammatory molecules
analogous to TNF which can be successfully blocked? What
is the possible role of the Peyer’s patch microenviroment
in the regulation of T cell function? Since the intestinal
bacterial flora play a critical role in the pathogenesis of
IBD, what might be the abnormalities in the commensal
mucosal flora or the defects in the intestinal epithelium
barrier leading to chronic intestinal inflammation? The role
of human regulatory T cells? The 5q31 cytokine gene
cluster? The role of the M cell in the entry of protective or
detrimental antigens? The pivotal regulatory role of AP20 in
intestinal inflammation? The role of the intestinal epithelial
barrier in the development of intestinal immunity? The
possibility of increasing the production of local secretory
IgA antibodies as a protection against bacterial infection
and inflammation? The possible involvement of nitric oxide
in the inflammatory responses and immune reaction of
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IBD? The possible role of maternal immunologic memory
in predisposing children to IBD and the genetic regulation
of the intestinal epithelium? Important clinical issues similarly
await resolution: the nature of the environment associated
with urban industrialization and its relationship to IBD; and
the role of today’s ‘hygienic home environment’ in the
vulnerability to IBD among children? Jewell and his
colleagues recently have pointed out ‘the importance of
NOD-2/CARD 15 and the HLA region in determining
clinical subgroups of Crohn’s disease, which may provide
the initial basis for the construction of a molecular classification
of Crohn’s disease.’
The discovery of new therapeutic approaches, in addition
to currently available methotrexate, cyclosporine, antimicrobial
compounds, thalidomide, and the adhesion molecule
inhibitor heparin, including: growth factors, anti NFκB
transcriptional agents, the prostaglandin receptor EP4, antiA4 integrin antibody, inhibitors of stress-activated MAP
kinases, antisense oligonucleotides vasoactive intestinal
polypeptide and heterologous hemopoietic stem-cell
transplantation. Sartor has raised the possibility of more
effective local treatment of IBD via ‘targeted delivery of
biologically active immunosuppressive molecules by
recombinant bacteria colonizing muscosal surfaces.’ More
immediately available microenvironmental approaches
include the resurrection of ‘old’ treatment probiotics, live
microbial food ingredients (lactobacilli, bifidobacteria species)
and prebiotics (germinated barley and nonabsorbed
carbohydrates) and their newly recognized actions:
production of antimicrobials and short chain fatty acids,
inhibition of microbial adherence to the intestinal epithelium
and restoration of normal intestinal permeability. In classic
Karl Popper fashion, the expanding IBD research has
generated many new important IBD questions and new
research opportunities, necessitating a new IBD ‘road map.’
Despite the extraordinary progress in scientific information,
more fundamental knowledge awaits discovery as the pace
and the dimensions of IBD research continue to increase.
The impressive scientific advances in IBD, illuminating
fundamental biologic and physiologic aspects of intestinal
function, accentuate the importance of the 6th Edition of
Kirsner’s Inflammatory Bowel Diseases, and also defines its
purpose: to clarify the new intestinal biology, its relevance
to the clinical situation, and provide a launching pad for the
remarkable advances towards etiology and the cure of IBD
yet to come. Kirsner’s Inflammatory Bowel Diseases-6th Edition,
provides the currently indispensable ‘road map’ guiding IBD
physicians and scientists through the multi-complex IBD
labyrinth. Co-editors, Dr. R Balfour Sartor, Professor of
Medicine, Microbiology and Immunology at the University
of North Carolina, and Dr. William J Sandborn, Professor
of Medicine at the Mayo Clinic, have assembled a superb
panel of national and international authorities and a ‘cutting
edge’ array of IBD scientific and clinical topics. This book,
Kirsner’s Inflammatory Bowel Diseases, since 1975, has played a
vital part in assembling and expertly analyzing for the medical
world the increasing ‘basic’ science and the expanding clinical
information and will continue this important role, befitting
the status of Kirsner’s Inflammatory Bowel Diseases as ‘the best
book in the IBD field.’
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Very few medical textbooks have so thoroughly dominated,
and even defined a field, as has Inflammatory Bowel Diseases
by Joe Kirsner. Originally co-edited with Roy Shorter of
Mayo Clinic, this book, beginning with its first edition in
1975, encapsulated the science and art of caring for patients
with Crohn’s disease and ulcerative colitis. Thus it is with
considerable respect, and indeed some awe and trepidation,
that we eagerly embraced the opportunity to assume the
editorship of this preeminent textbook and the obligation
to transition it to reflect the changing, increasingly complex
pathophysiology and treatment of these diseases.
Our editorial principle has been ‘evolution, not revolution’,
in an effort to maintain the unique character of the original
book while advancing its format and scope to encompass
the important recent developments in basic and clinical
investigation and to emphasize translational areas. We added
multiple new chapters, including clinical pharmacology,
epithelial/immune and epithelial/bacterial interactions, T
lymphocyte dysregulation, T lymphocyte trafficking,
fibrogenesis, serology and laboratory markers of disease
activity, assessment of disease activity and clinical trial design,
pouchitis, and pharmacoeconomics, and split genetics and
colon cancer into basic and clinical components. In the
process of changing the character of the contents, 30 new
primary authors have contributed chapters. These authors
are a blend of established thought leaders and younger
investigators who have brought new concepts to the field,
but all authors share the common characteristics of having

a global perspective and being the premier investigator in
their respective field. We thank the individual authors for
their considerable efforts to create concise yet authoritative
chapters and for their good humor in our exhortations to
meet deadlines and to make suggested alterations. This
adherence to deadlines and the timely production schedule
by Elsevier have resulted in the most current textbook on
IBD, with a lapse of only 7 mo from final submission to
publication. Thus, recent trends in treatment and the latest
concepts in pathogenesis are reflected in this book.
The cover encapsulates the evolving concepts of applying
new insights into the pathogenesis of ulcerative colitis and
Crohn’s disease to their diagnosis and treatment. This book
discusses the interactions between mucosal innate and
acquired immune responses and between enteric commensal
microflora and environmental triggers that lead to disease
in genetically susceptible hosts. Novel mechanisms of
diagnosis provide earlier and more precise diagnosis of
disease, and novel biologic treatments bring new opportunities
to induce a remission, and hopefully maintain disease
quiescence. The individual chapters collectively develop the
theme of genetic and molecular heterogeneity that results
in distinct phenotypes of disease. The sub-classification of
both Crohn’s disease and ulcerative colitis should define
clinically relevant populations of patients that selectively
and predictably respond to individual therapeutic agents,
resulting in highly effective and minimal cost treatment.
Ultimately, preclinical diagnosis will lead to a way to prevent
onset of clinical disease and associated complications in
genetically susceptible individuals.
Finally, we must thank our family members, especially
Em and Kenna, who have encouraged and supported this
undertaking and in the process have endured many lonely
weekends and holidays as the task was completed. We
dedicate this book to these family members; to Joe Kirsner,
for his guidance and confidence in our ability to continue
his superb tradition, to our colleagues, fellows and students
who provide continued stimulation and important questions;
to the authors for their eloquent and comprehensive
contributions; to the publishers for their strong support and
professional production; and to the patients who have entered
the clinical studies which have advanced our knowledge of
the pathogenesis, epidemiology, diagnosis, and treatment
of these disease. We hope that our readers will profit by
this collective experience and make suggestions to improve
future editions.
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Abstract
Gastric carcinoma remains a common disease worldwide
with a dismal prognosis. Therefore, it represents a very
important health problem. It occurs with a high incidence
in Asia and is one of the leading causes of cancer death
in the world. Although the incidence and mortality of
gastric carcinoma are decreasing in many countries,
gastric cancer still represents the second most frequent
malignancies in the world and the fourth in Europe. The
5-year survival rate of gastric carcinoma is low. The
etiology and pathogenesis are not yet fully known. The
study of gastric cancer is important in clinical medicine
as well as in public health. Over the past 15 years,
integrated research in molecular pathology has clarified
the details of genetic and epigenetic abnormalities of
cancer-related genes in the course of the development
and progression of gastric cancer. Gastric cancer, as
all cancers, is the end result of the interplay of many
risk factors as well as protective factors. Although
epidemiological evidence indicates that environmental
factors play a major role in gastric carcinogenesis, the
role of immunological, genetic, and immunogenetic
factors are thought to contribute to the pathogenesis of
gastric carcinoma. Among the environmental factors,
diet and Helicobacter pylori are more amenable to
intervention aimed at the prevention of gastric cancer.
The aim of the present paper is to review and include
the most recent published evidence to demonstrate that
only a multidisciplinary approach will lead to the
advancement of the pathogenesis and prevention of
gastric cancer. On the immunogenetic research it is clear
that evidence is accumulating to suggest that a genetic
profile favoring the proinflammatory response increases
the risk of gastric carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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DISEASE DEFINITION AND CL
ASSIFICA
TION
CLASSIFICA
ASSIFICATION
The stomach wall is divided into three major areas: fundus,
corpus, or body, and antrum and it has five layers: the inner
lining (the mucosa) contains glands. Underneath is the
submucosa; then is the layer of muscle; next is the subserosa.
The outer layer is the serosa. Gastric cancers are malignancies
arising in any part of stomach. Most gastric cancers arise in
the antrum, the distal third of the stomach. The predominant
site of gastric cancer occurrence has changed over the last
30 years[1-6]. A large number of tumors involving the proximal
stomach and gastro-esophageal junction have been found.
The lesser curvature of the stomach is more frequently
involved than the greater curvature.
Several different types of cancer can occur in the
stomach. Adenocarcinoma, which starts in the glandular cells,
is the most common cancer of the digestive tract and
histology accounts for 90-95% of all gastric malignancies.
It can spread to nearby lymph nodes (LN) and other areas
of the body, such as the liver, pancreas, colon, lung, and
ovaries. Other types of malignancy in the stomach are
sarcoma arising from the cells of the muscle layer, and
more common, lymphoma arising in the B and T cells of
the lamina propria. The latter two types of malignancies
have different prognosis and require different management
than adenocarcinoma.
In this review we will concentrate in adenocarcinoma
of the stomach mainly because other types have rarely been
reported[7,8].
Several classification systems are used for gastric cancer.
Borrmann types, developed by Borrmann in 1923, identify
five different types. This tissue classification of gastric cancer
is characterized by the shape of the tumor on gastric mucosa
and its pervading style in gastric wall.
Lauren developed the DIO system of the histomorphological classification, which assumes two main biological
groups: diffuse gastric cancer (D) and intestinal gastric cancer
(I), and other (O)[9,10]. The former two groups account for
90% of all stomach cancers. The intestinal type is well
differentiated and characterized by polypoid or fungating
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lesions that may ulcerate centrally. Many evidences show
that this type is strongly associated with Helicobacter pylori
(H pylori), and usually arises on a backdrop of chronic
gastritis, gastric atrophy, and intestinal metaplasia[11]. Clinically,
the latter is present with diffuse thickening of the stomach
wall, rather than a discernible mass. A genetic predisposition
is presumed in young patients with a diffuse type of gastric
cancer, in contrast to the intestinal type associated with older
age[12,13]. The intestinal type of adenocarcinoma has a better
prognosis than the diffuse variant, most of which have
spread beyond the confines of the stomach at the time of
diagnosis. As with other cancers, stage is the most important
determinant of outcome[14].
According to the standard of WHO, the cellular
classification in gastric carcinoma has these subtypes:
papillary adenocarcinoma, tubular adenocarcinoma,
mucinous adenocarcinoma, signet-ring cell carcinoma,
squamous cell carcinoma, adenoacanthoma, undifferentiated
carcinoma, unclassified carcinoma and carcinoid tumor.
The Fifth International Union Against Cancer tumor
node metastasis (UICC TNM) classification, which was
published in 1997, based on the number of metastatic LN,
has proved to be a reliable and objective method as the
principal assessing the extent and severity of disease and
determining the prognosis of cancer patients[15]. The new
TNM classification not only is an objective, simple and
reproducible system, but also a significant prognostic index
for gastric cancer superior to the old classification. The
new TNM classification represents a prognostic factor
equally powerful to the old classification. Especially, the
new N-classification is superior to the old N-classification
in terms of the homogeneity of each N group[16,17].
X-ray examination after taking barium meal may
eventually contribute to detecting delayed gastric emptying
quantitatively and indicates the degree of tumor infiltration.
Similarly and more accurately, spiral CT is of help in the
identification of the gross type, invasion to serous layer
and adjacent organs of gastric cancer in its stage of
progression. The CT scan is also valuable in detecting
metastatic as hepatic, splenic, and abdominal apart from
the involvement of LN near the lesion. Enhanced dynamic
CT scan plays a significant role in the diagnosis of gastric
carcinoma; early enhancing phase scanning is the technique
of choice nowadays for demonstrating tumor lesions.
Sophisticated scanning technique is mandatory in improving
the diagnostic accuracy of gastric carcinoma[18,19].
The ultrasound examination of stomach so far has been
still a difficult technique that requires expertize. It can be
used to observe the infiltration of the tumor into the lower
layer of the mucous membrane. Endoscopic ultrasonography
is very accurate in assessing the depth of tumor infiltration
and the lymph node metastasis. It also can be used to
determine the progress and prognosis of gastric carcinoma[20].

DISEASE CHARACTERISTICS
Precancerous lesions of stomach
Six different pathological disorders have been described as
increasing the risk for malignancy in the stomach. The following
processes have been implicated as precancerous lesions.
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Chronic atrophic gastritis There is evidence from animal
model that nitrosamine plays a role in developing malignancy.
Achlorhydria in atrophic gastritis allows bacterial colonization
of the stomach, most extremely in places where overgrowth
may cause nitrate reduction and transform the nitrate, which
exist in many foods to potentially develop carcinogenic
N-nitroso compounds[21]. This occurs more often in antrum
gastritis with intestinal metaplasia and non-typical
proliferation. The course of gastritis is rather long and gastric
cancer is believed to develop slowly over many years. Some
patients present dyspepsia, vague abdominal fullness (after
meal), irregular pain, belching, nausea, and vomiting, but
not specific. Severe cardiac gastritis may produce glossitis
and anemia.
Gastric polyps Familial adenomatous polyps are associated
with upper gastrointestinal adenomas and adenocarcinoma.
Based on Nakamura’s classification[22,23], hyperplastic polyps
were further classified into the following subtypes: the
foveolar epithelial type, fundic glandular hyperplastic type,
and pyloric glandular hyperplastic type. It was found that
atypical hyperplastic foci usually appear in the foveolar
epithelial subtype, indicating a close relationship to
cancer. This finding suggests that the subclassification of
hyperplastic gastric polyp has a higher practical value in
clinical application[24].
Gastric ulcer Some gastric cancers are considered to
transform from gastric ulcers, but with a low rate, 1-5% in
China. Cancerous degeneration of ulcer was small and the
epithelial regeneration at the ulcer’s edge and benign fusion
of the muscularis mucosa with the muscularis propria were
very common. The cancerous tissue extending to node
metastasis was rare. Therefore, the cancerous tissue down
to the submucosa was found at the margin but not at the
base of the ulcer. These patients should be thought seriously,
specially if they are more than 45 years old, the symptoms
of gastric ulcer are persistent 1 mo after treatment. These
findings that conform well to Hauser’s criteria blood test
are positive. These results suggest that multiple biopsies
should be taken from the edge of chronic ulcers. The most
distinct feature of malignant ulcer was the lack of cancerous
infiltration and muscular residue in the scar tissue of ulcer
base. The existence of this type of ulcer clinically and
pathomorphologically supports the viewpoint that gastric
cancer ulcer can undergo malignant change[25].
Cancer of gastric remnant Patients after gastrectomy
have more opportunity to get vicious tumor than normal
people, and the course from remnant stomach to gastric
cancer is nearly 15-30 years. Refluxing of intragastric and
bile after gastrectomy became the base of gastritis.
Furthermore the pH is increased and is beneficial to the
abnormal proliferation of cell, carcinogen such as nitrite
transfer to nitrosamine. Bile salt, a carcinogen, sometimes
can lead to cancer.
Cholecystitis It was found that both the content of various
kinds of biliary acid salt and pH value of gastric juice were
much higher in patients with gastric cancer, gastric ulcer,
and chronic atrophic gastritis than in normal controls. Bile
acid salt is known to be harmful to gastric mucosa and the
damage becomes more severe with the increase of bile acid
salt concentration and prolongation of exposure. Therefore,
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our results suggest that the bile acid salt in the gastric juice
is one of the carcinogenic factors[26].
Pernicious anemia Pernicious anemia can lead to atrophic
gastritis and is well known to be associated with gastric
cancer. Pernicious anemia and autoimmune disease in
general is rare in Chinese patients. There are few reports
of pernicious anemia in Chinese patients and does not play
a significant role as a predisposing cause of gastric cancer
in China[27,28].
Gastric schistosomiasis Gastric carcinoma has been
found arising from schistosomiasis in the epidemic area of
south China and this chronic inflammation has been linked
to development of gastric cancer in this area of China[29].

and infiltration along the mucosal surface and stomach wall
or lymphatic vessels, (2) via lymphatic or vascular embolism,
probably to regional LN, (3) by direct extension into adjacent
structures such as the pancreas, liver, or esophagus, and (4)
by blood-borne spread. The pattern of metastatic spread
of gastric cancer correlates with the size and the location
of tumor. Lesions of the distal portion of the stomach
usually metastasize to infra-pyloric, inferior gastric, and
celiac LN. Tumors in the proximal portion often metastasize
to pancreatic, pericardial, and gastric LN. With advanced
gastric cancer, involvement of the left supraclavicular nodes
may occur. Distant metastatic sites are the lung, adrenal
glands, bone, liver, pancreas, and peritoneal cavity[34].

Early gastric cancer
The designation early gastric cancer (EGC) refers to a gastric
carcinoma, which does not infiltrate beyond the submucosa.
This definition is not influenced by absence or presence of
metastases or by the diameter of the tumor. The 5-year
survival of EGC is 90% or more. The diagnosis can regularly
be made if, in the case of persistent vague upper abdominal
complaints, an optimal radiological examination of the
stomach is done. At even the slightest radiological suspicion,
or if complaints persist in spite of negative radiological
findings, gastroscopic examination and multiple-aimed
biopsies should follow. Attention should be focused on the
gastric angular incisure, antrum and lesser curvature to
perform site-directed biopsy. Final diagnosis depended on
the pathological diagnosis of the biopsy material. Pathologic
diagnosis would be correct, provided the biopsy material
was taken from the proper site[30,31].
An investigation from Liaoning Province reported
pathological characteristics of EGC in Chinese patients. The
peak age of the patients was between 50 and 59 years. The
incidence in female before 50 years was higher than that in
male but reverse after this age. The most common site
was in lower part of the stomach. Highly differentiated
carcinomas were more frequently found in those cancer
foci of no larger than 0.5 cm in diameter. More signet ring
cell carcinomas were found. Lymphatic metastasis was more
in type IIc+III and the least in type I. Comparing with the
Japanese cases, it was found that the peak age of EGC
patients in Japanese was 10 years older than that in Chinese
patients and most of the tumor occurred in middle part of
the stomach. Type III and mucinous adenocarcinoma was
hardly found[32].
The recurrence rate was higher in submucosal tumors
than in mucosal tumors, in lymphatic and vascular vessel
invasion-positive cases than in negative cases, in synchronous
multiple gastric cancer than in solitary tumors, in tumors
of 1.5 cm or more in diameter than in tumors of less than
1.5 cm. The rate of hematogenic metastasis to the liver or
lung was 45.5%, and the recurrence in the residual stomach
was 27.3% and in lymph node was 27.3%[33].

Clinical syndromes
In the early stage, GC seldom showed significant symptoms,
some of which are common to other, less serious gastrointestinal
disorders (bloating, gas, and a sense of fullness). Some
degrees of dysplasia occur, appetite loss, heartburn, vague
abdominal fullness, flatus, excessive belching, and breath
odor, mild or severe, were similar as in the presentation of
chronic gastritis or gastric ulcer previously reported. Soon
afterwards the difficulty in swallowing, particularly difficulty
that increases over time, nausea and vomiting, abdominal
pain and weight loss were on the rise. In the late stage some
patients might vomit blood; have blood in the stools or
black stools, tiredness due to anemia, abdominal pain and
weight loss are aggravated, a decline in general health.
As other malignancies, early detection, early diagnosis,
and early treatment remain the key to improve the survival
of patients with resected cancer of the gastric cardia. Why
residual tumor left at the resection edge and the presence
of tumor thrombi do not influence survival needs to be
further studied.

Advanced gastric cancer
Because of the elusive nature of gastric disorders, gastric
cancer usually is advanced when symptoms first appear.
There are several characteristic routes by which gastric
carcinoma will progress and metastasize: (1) by extension

EPIDEMIOL
OG
Y
EPIDEMIOLOG
OGY
The epidemiology of gastric cancer involves many features,
since there are significant geographical, ethnical, and cultural
factors influencing the prevalence of GC. It is more
frequent in the developing world than in the developed
world, more common in Asia than in Europe, and more in
Latin America than in North America and Africa[35]. Stomach
cancer in China has distinct geographically different
distribution. The morbidity in urban areas is higher than in
rural areas, giving a difference of 1.9 times[36]. According
to an investigation between 1989 and 1999, in Linqu County
of China, no reduction in GC mortality was observed in
the highest risk population worldwide[37].
The most recent estimates indicate that gastric cancer is
the second most common cancer in the world after lung
cancer. It represents 11% of all cancers in men and 7% of
all cancers in women. In developing countries, lung cancer
ranks first, representing 13% of all cancers and gastric
cancer second (12%). In developed countries gastric cancer
ranks fifth, representing 7% of all cancers, three-fourth of
which occur in Asia. About 80% of the cases diagnosed in
Asia occur in China and Japan. Steady decline in the rates
of gastric cancer has been observed everywhere in the last
few decades. However, the total number of new cases
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diagnosed worldwide is increasing mainly because of
increasing and aging of the population. It was estimated
that there were 700 000 new cases in 1980, 755 000 in
1985, 900 000 in 1990, 1 013 000 in 1995, and 1 000 000
in 2000. This indicates that the impact of gastric cancer in
public health is not decreasing[4].

ETIOL
OG
Y
ETIOLO
GY
Gastric cancer, of all cancers, is the end result of the
interplay of many risk factors as well as protective factors.
Genetic and environmental factors are likely to play a role
in the etiology of the disease. Several factors are suspected
to play a role in gastric carcinogenesis, including the effects
of diet, exogenous chemicals, intragastric synthesis of
carcinogens, genetic factors, infectious agents, and
pathological conditions in the stomach (such as gastritis).
According to Correa, there is evidence from pathology and
epidemiology studies that gastric carcinogenesis develops
with the following sequential stages: chronic gastritis; atrophy;
intestinal metaplasia; and dysplasia. The initial stages of
gastritis and atrophy have been linked to excessive salt intake
and infection with H pylori[38].
Environmental factors and gene polymorphisms involved in
the susceptibility of gastric cancer
Several epidemiological evidences indicate that environmental
factors play an important role in gastric carcinogenesis. The
fact that immigrants exhibit incidence rates similar to those
of their country of origin has led researchers to accept
exogenous influences such as environment and diet. The
investigation from China showed that the risk factors of
gastric cancer were living in high incidence area for a long
period, low economic income, low consumption of fresh
vegetables and fruits and animal protein, high intake of
sweet potato and ink fish and salted meat, eating and drinking
too much at one meal and mental injury, and a family history
of gastric cancer. High intake of grains and low intake of
animal fat and proteins appear to be associated with a
decreased risk. Diets rich in vitamins A and C are associated
with low risk for gastric cancer. Controversy exists over the
role of nitrates found in soil-grown foods, drinking water,
and prepared foods. Because refrigeration and a high intake
of ascorbic acid inhibit the formation of nitrates, it is
postulated that the presence of these factors may account
for decreasing gastric cancer. Neither smoking tobacco nor
drinking alcohol has been demonstrated to increase the risk
of gastric carcinoma[32,39-44].
H pylori
Gastric carcinogenesis is a multistep and multifactorial
process beginning with H pylori-associated gastritis in most
cases. H pylori infection, together with other environmental
factors and individual susceptibility, determine the final risk
for the development of gastric cancer. The discovery of
H pylori in the early 1980s has proved a turning point in
understanding the pathogenicity of this malignancy. H pylori
infection is common worldwide and about half of the
human population believed to be infected. But only a small
fraction of infected individuals develop gastric cancer.
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Additional factors must be involved in the progression toward
cancer[45,46,50].
H pylori are highly host-adapted bacterial pathogens that
establish a chronic infection in the human stomach and
have no known animal or environmental reservoirs. It shows
a high degree of genetic heterogeneity due to mutations
and frequent recombination. In the past, specific genes have
been identified which are associated with bacterial virulence.
These genes (e.g., vacA, cytotoxin associated gene A (cagA),
and iceA) have been studied individually, and distinct
genotypes have been defined. There is accumulating
evidence that the different genotypes of H pylori show a
particular geographic distribution[51]. H pylori strains containing
the cagA protein are associated with more severe disease
and harbor a 40-kb pathogenicity island (PAI) induce NF-κB
activation and interleukin (IL)-8 secretion in gastric epithelial
cells. H pylori changes the expression of genes encoding
growth factors and cytokine/chemokines and their
receptors, apoptosis proteins, transcription factors, and
metalloprotease-disintegrin proteins, and tissue inhibitors of
metalloproteinases[47].
H pylori stimulate endothelial cells to upregulate adhesion
molecule expression and to increase the production of
neutrophil-recruiting chemokines. The PAI encodes a
bacterial type IV secretory system that secretes and
translocates the cagA protein into host cells, where it
is phosphorylated by a host-cell kinase and causes
morphological changes. Innocenti et al., found that several,
but not all, H pylori strains are able to activate endothelial
cells to express the adhesion molecules VCAM-1, ICAM-1,
and E-selectin and to secrete neutrophil-recruiting
chemokines, and therefore contribute to tissue damage and
ulcer formation[48,49]. Among people infected with H pylori,
the virulence of the infecting strain is a major determinant
which develops disease. Strains producing vacuolating
cytotoxin activity are more commonly isolated from people
with peptic ulcers than without. The gene encoding the toxin,
vacA, varies between strains, especially in its signal sequence
and mid regions. vacA genotype influence cytotoxin activity,
and signal sequence type correlates closely with peptic
ulceration. Infection with strains possessing cagA is more
common among people with peptic ulceration or gastric
adenocarcinoma than without. CagA+ H pylori infection is
more closely associated with gastric cancers and peptic ulcers
than cagA-infection. Because cagA+ infection may be
associated with the development of atrophic gastritis, cagA
infection is believed to be a risk factor for intestinal-type
gastric cancer. But Deguchi et al., reported that cagA
infection is also associated with diffuse-type gastric cancer
in Japan. They also found that all p53 alteration were in
H pylori-positive gastric cancer and their mutations were
more frequent in the cagA group, although the correlation
between p53 mutation and H pylori infection did not reach
statistical significance. p53 abnormality was clinically
correlated with prognostic factors (e.g., tumor size, depth,
lymph node metastasis) of gastric cancer. These findings
indicated that cagA+ H pylori infection might have an
important role in the development of gastric cancer with
p53 mutation[52].
The p53 tumor suppressor gene, located on chromosome
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17p13, is one of the most commonly mutated genes in all
types of human cancer. p53 codon 72, which produces
variant proteins with an arginine (Arg) or proline (Pro),
has been reported to be associated with cancers of the
lung, esophagus, and cervix. Recently, studies in Japan
suggested that the Pro/Pro genotype at p53 codon 72
contributes to susceptibility of diffuse-type gastric cancer
patient with H pylori-CG [53]. The mutation of p53 and
inactivation of p21WAF1 and p16 play an important role
in carcinogenesis of stomach. However, H pylori infection
was not associated with the abnormal expression of these
three genes in China[54].
Human Chk1 and Chk2 are DNA damage-activated
protein kinases that function as downstream mediators of
ataxia-telangiectasia mutated, which are involved in G2/M
cell-cycle arrest. A study from Japan found a significant
correlation between the levels of expression of Chk1 and
p53 proteins in gastric carcinomas. Chk2 might be important
in the checkpoint function in human gastric carcinomas
with p53 mutation[56]. Mutations of an oncogene, K-ras,
may be involved in the early stage of carcinogenesis of the
intestinal types. The incidence of K-ras mutations in gastric
cancer is only 10%. However, by histological classifications,
the incidence of K-ras mutation was more frequent in
intestinal types than in diffuse types of gastric adenocarcinoma.
In addition, K-ras mutations in H pylori-associated chronic
gastritis were significantly more frequent in gastric
cancer patients than in cancer-free patients (50% vs 3.7%,
P = 0.037)[57].
No evidence for the involvement of antigastric antibodies
in the stimulation of apoptosis was found. Therefore, host
factors may be at least as important as bacterial factors in
determining gastric mucosal responses to H pylori[55].
Interleukin gene polymorphisms and gastric cancer
The presence of H pylori in gastric antrum is, in most cases,
associated with mucosal inflammatory changes consisting
of infiltration of a large number of polymorphonuclear
and mononuclear phagocytes. H pylori reside in the mucus
layer overlying the epithelium and do not invade epithelial
cells. However, accumulating evidence indicates that gastric
infection with H pylori induces the expression of several
proinflammatory cytokines, including IL-1β, IL-6, IL-8,
IL-18 and TNF-α in gastric mucosa.
IL-1β is a potent proinflammatory cytokine and powerful
inhibitor of gastric acid secretion that is upregulated in
the presence of H pylori and is important in initiating and
amplifying the inflammatory response to this infection.
El-Omar et al., reported that gene polymorphisms in
the interleukin gene family of cytokines (IL-1β-31C,
IL-1β-511T, and IL-1RN*2 alleles) are associated with an
increased risk of both hypochlorhydria, in H pylori negative
infected first-degree relatives of gastric carcinoma[58,59]. A
study from Portugal supported the hypothesis that host
genetic factors that affect IL-1 gene determine why some
individuals infected with H pylori develop gastric cancer
while others do not[60,61]. The polymorphism of promoter
region -31C/T of IL-1β gene and the polymorphism of
IL-1RN genes 1/2 and 2/2 are associated with the
susceptibility of gastric cancer in Chinese. Carrying -31T

4135

allele increases the risk of gastric cancer. Polymorphism of
IL-1RN and IL-1β gene may be used as indicators of
susceptibility of gastric carcinogenesis[62]. A study from Japan
investigated the polymorphism of -511 T-to-C located in
the IL-1β gene. According to these authors in view of the
results for the IM or CAG without H pylori group, the
presence of the C allele may also indicate a risk of mucosal
atrophy of the stomach in the Japanese population[63].
Serum levels of IL-8 and nitrogen monoxide (NO) are
correlated with CagA+H pylori strain infection. Combined
detection of serum level of IL-8, NO, and HP-CagA will
contribute to the early diagnosis of precancerous lesion in
the stomach [64]. Secretion of IL-8 by gastric epithelial
cell upon H pylori infection is dependent on activation
of NF-κB [65].
IL-18 is a recently identified cytokine (originally termed
interferon γ-inducing factor) and is related to the IL-1 family
both structurally and functionally. Recently research has
showed that IL-18 was increased in a variety of human
inflammatory conditions, including Crohn’s disease,
rheumatoid arthritis, and tuberculoid leprosy with pleiotropic
immunomodulatory functions. It has been found that
IL-18 mRNA expression was greater in H pylori-positive
than in H pylori-negative patients with normal mucosa. But
mature IL-18 protein and active caspase-1 p20 are present
in mucosa of both H pylori-infected and -uninfected subjects.
The presence of the mature form of IL-18 in both normal
and gastric mucosa suggests that gastric IL-18 has an
important role in promoting local production of interferon-N
and cell-mediated responses in the gastric mucosa[47].
H pylori induces the production of tumor necrosis
factor-α (TNF-α), which is closely related to epithelial
injury. TNF-α plays a crucial role in host defense against
infection, but a high concentration of TNF-α may cause
severe pathology. The gene for TNF-α is located within
the class III region of the major histocompatibility complex,
which is a highly polymorphic region. The most common
exchanges are G to A transitions in the TNF-α promoter
at positions -308 (-308A) and -238 (-238A), and these
genetic changes have been reported to influence TNF-α
concentrations. It is possible that increased TNF-α
concentrations, as a result of -308A polymorphism, alter
the immune response, which confers susceptibility to gastric
disease with H pylori-cagA subtype infection[66]. In a study in
Spain, these results suggest that TNF and LTA gene
polymorphisms are related to the development of gastric
and duodenal ulcer and may determine disease outcome in
H pylori infection[67].
Wu et al., have reported that no association was noted
between gastric cancer and the distribution of IL-1 and
TNF-α genotypes in Taiwanese Chinese. Logistic regression
analysis revealed that H pylori infection, cigarette smoking,
and IL-10 genotype are independent risks for gastric cancer
in the Taiwanese. Similar studies should be carried out in
different populations and as Wu et al., have correctly
performed the risk of genotypes should be adjusted with
confounding environmental risks[68].
Genetic polymorphisms of some metabolizing enzymes
Environmental genotoxic chemical agents arising from the
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diet, smoking, and air pollution are responsible for
carcinogenesis in humans. It is generally accepted that the
majority of carcinogenic chemical do not produce their
biological effects per se, but require metabolic activation
by host enzymes: phase I enzymes including cytochrome
P450 enzyme and phase II enzymes including epoxide
hydroxylase, N-acetyltransferase 2 (NAT2), and glutathione
S-transferase (GSTs). Genetic polymorphisms have been
recently shown in many of these enzymes, indicating that
there are genetic differences among individuals in the ability
to metabolize chemicals. Such genetic polymorphisms may
affect the individual susceptibility to chemical carcinogenesis.
From this point of view, the relationship between the genetic
polymorphisms and carcinogenicity has been extensively
examined to determine which polymorphic enzymes are
highly associated with the susceptibility to cancers. Japanese
researchers suggested that a combination of GSTM1 and
NAT2 decreases the risk of gastric cancer in Japanese
patients[69]. A population-based case-control study in China
suggested that the GSTP1 genotype seems not to be associated
with the risk of gastric cancer and chronic gastritis in a
high-risk Chinese population[70]. The polymorphic genes of
cytochrome P450, CYP2A6, and CYP2E1 have been implicated
in increased susceptibility to certain malignancies. The
CYP2A6 deletion was associated with gastric adenocarcinoma
among Japanese population[72].
KILLER/death receptor DR5
The KILLER/death receptor DR5 has been identified as a
potent inducer of apoptosis, and mapped to chromosome
8p21-22, showing frequent allelic loss in gastric cancer. As
stated before, the p53-induced apoptosis is an important
biological process to prevent the development of cancer,
and is mediated in part by expression of KILLER/DR5
only in cells with wild-type p53 protein, but not in those
lacking p53 function. A report from Japan suspected that
inactivation of KILLER/DR5 caused by mutations of
KILLER/DR5 may be one of the possible escaping
mechanisms against KILLER/DR5-mediated apoptosis and
that inactivating mutation of KILLER/DR5 may contribute
to the promotion or progression of a subset of gastric
cancers[71]. In Japan, another cancer registry-based study
found that the incidence of gastric cancer was increased up
to 5-fold in male relatives of early-onset prostate cancer
patients. Currently unknown genes might contribute to the
observed link between prostate and gastric cancer[73].
E-cadherin
E-cadherin is a member of the cadherin family of calciumdependent cell adhesion molecules. These molecules are
localized in lateral cell-cell contacts of the epithelial cells
and regulate the process of homophilic/homotypic adhesion
between epithelial cells and play a role as a tumor suppressor
gene. E-cadherin associates with α-catenin, β-catenin, and
γ-catenin to form a complex that is essential for cell–cell
communication and cell adhesion. Indeed, abnormal
E-cadherin expression (characterized by loss, reduced, and/or
cytoplasmic expression) has been observed in several
types of carcinoma, and is frequently associated with poor
differentiated/undifferentiated carcinomas and/or invasive
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tumors. A co-operative study among Portugal, Germany,
and Belgium reported that E-cadherin inactivation is
significantly related with the diffuse histotype in gastric
carcinoma, not only in “pure” diffuse carcinomas but also
in the diffuse component of mixed tumors, β-catenin
mRNA levels are increased in the vast majority of intestinaltype gastric cancers and this overexpression is independent
of H pylori infection[74,75].
Trefoil regulation, gp130, and gastric cancer
For a long time it was believed that the stomach and the
intestine respond differently to inflammation. The
immunological system of the stomach appears less fully
developed than the intestine. This in part is due to the fact
that nature has given the stomach a mechanism to protect
itself with the production of hydrochloric acid and therefore
an environment where only special bacteria, such as H pylori
can survive. The intestine on the contrary is full of bacteria;
however, seemingly ends in unrelated diseases. Inflammatory
bowel disease and gastric cancer share in common an origin
in chronic inflammation. An important and interesting
finding that has arisen from research in mice with a
“knock-in” mutation abrogating the Src-homology tyrosine
phosphatase 2 (SHP2)-Ras-ERK signaling that developed
gastric adenomas by 3 mo of age. Mice with a mutation
eliminating the STAT1/3 signaling gp130 (Delta STAT))
showed impaired colonic mucosal wound healing[76]. As stated
in an editorial in Nature Medicine[77], given the close interplay
between the immune response and epithelial cells, it is not
surprising that perturbations in signaling of immune system
mediators play a key role in disease of the gut. It is the
gp130 receptor, which binds the IL-6 family (IL-6 and
IL-11) of cytokines that serve as an inflammation intersection
between the stomach and the intestine. The homodimers
of gp130, a transmembrane receptor β-chain, contain two
discrete functional modules which signal through SHP-2/Erk
and STAT1/3 that are responsible for the different behavior
exhibited by the stomach and the intestine in response to
inflammation. To understand the pathogenesis, it is necessary
to understand the function of other family of genes called
the trefoil factor (TFF) family that intimately appear to
work with the gp130 molecule. Suemori et al.[78], discovered
in 1991 a group of small proteins designated intestinal trefoil
factor. These authors demonstrated that it is primarily
expressed and secreted onto the intestinal surface by goblet
cells, suggesting that it may be an important component of
intrinsic mechanisms for defending mucosal integrity.
They are upregulated around areas of epithelial damage,
ulceration, and neoplasia[79].
IL-1 and IL-6 overexpression in chronic gastritis may
lead to mucosal damage and gastric carcinogenesis through
transcriptional repression of TFF1 and TFF2[80]. TFF1
knockout mice developed multiple gastric adenomas and
carcinomas, suggesting that TFF1 is a gastric-specific tumorsuppressor gene[81]. The gp130 directly regulates the TFF
genes. The trefoils are key downstream targets of the
SHP2/Erk and STAT signaling pathways. The data also
add to TFF1’s credibility as a gastric-specific tumor-suppressor
gene and TFF3’s as a mediator of intestinal homeostasis.
The hyperproliferative lesions was observed in the stomachs
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of gp130 arise as a result of enhanced STAT3 activity in
the absence of a counter-acting signal from the SHP2-RasErk pathway rather than from the complete absence of
(IL-6 and IL-11-mediated) gp130 signaling. IL-6 is likely to
have an important role in the initial phase of intestinal
wound healing. Furthermore, endogenous IL-11, unlike
pharmacologically administered IL-11, seemed to have
negligible effects on the intestinal epithelium.
In conclusion, although the incidence of gastric cancer
is decreasing in some parts of the world, it still takes a
significant toll among the inhabitants of Japan, China, Chile,
Finland, Poland, Austria, Yugoslavia, and Costa Rica. The
key to prevention of cancer of stomach lies in dietary intake.
It is important to consume a balanced diet high in fresh
fruits and vegetables and moderate amount of animal
protein and fats. Salted, smoked, and pickled foods should
be consumed in low quantities.
Screening and early detection programs are very useful.
If detected at an early stage and treated aggressively,
gastric cancer can be cured. As with all other forms of
gastrointestinal cancers, gastric cancer is insidious in its onset
and development. It usually infiltrates rapidly and can be
disseminated throughout the body before overt signs of
cancer are manifested. Overall 5-year survival rates are
reported to range from about 8% to 16%. Gastric cancer
mimics several other gastrointestinal maladies and diseases
such as polyps, ulcers, dyspepsia, and gastritis. Some of the
most difficult aspects of prevention and early detection are
informing and motivating people at risk for the development
of gastric cancer to seek medical attention for chronic
“stomach problems”. Inappropriate use of home remedies,
self-medication, and misdiagnosis are major hurdles to
overcome.
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(416±40 and 0.48±0.09). No significant change of the G
cell/total endocrine cell ratio was observed during the
6 mo of follow up in any of the groups. A reversible
increase in G cell secretory function was seen in all infected
individuals, demonstrated by a more prominent secretory
apparatus. However, differences between DU and gastritis
group were identified.
CONCLUSION: H pylori infection induces antral G cell
hyperfunction resulting in increased gastrin synthesis
and secretion. After eradication therapy complete
morphological and functional recovery is observed in
patients with gastritis. In the DU patients some other
factors unrelated to the H pylori infection influence antral
G cell morphology and function.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: To assess long-term effects of Helicobacter pylori
(H pylori) eradication on antral G cell morphology and
function in patients with and without duodenal ulcer (DU).
METHODS: Consecutive dyspeptic patients referred to
the endoscopy entered the study. Out of 39 H pylori positive
patients, 8 had DU (H pylori +DU) and 31 gastritis (H pylori
+G). Control groups consisted of 11 uninfected dyspeptic
patients (CG1) and 7 healthy volunteers (CG2). Basal
plasma gastrin (PGL), antral tissue gastrin concentrations
(ATGC), immunohistochemical and electron microscopic
characteristics of G cells were determined, prior to and
6 mo after therapy.
RESULTS: We demonstrated elevated PGL in infected
patients compared to uninfected controls prior to therapy.
Elevated PGL were registered in all H pylori+patients (H pylori
+DU: 106.78±22.72 pg/mL, H pylori +G: 74.95±15.63,
CG1: 68.59±17.97, CG2: 39.24±5.59 pg/mL, P<0.01).
Successful eradication (e) therapy in H pylori+patients
lead to significant decrease in PGL (H pylori+DU: 59.93±9.40
and H pylori +Ge: 42.36±10.28 pg/mL, P<0.001). ATGC
at the beginning of the study were similar in infected and
uninfected patients and eradication therapy lead to
significant decrease in ATGC in H pylori +gastritis, but not
in DU patients. In the H pylori +DU patients, the mean
number of antral G cells was significantly lower in
comparison with all other groups (P <0.01), but after
successful eradication was close to normal values found
in controls. By contrast, G cell number and volume density
were significantly decreased (P<0.01) in H pylori +Ge group
after successful eradication therapy (294±32 and 0.31±0.02,
respectively), in comparison to values before eradication
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Helicobacter pylori
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INTRODUCTION
Helicobacter pylori (H pylori) causes chronic active type B
gastritis and is involved in the pathogenesis of peptic ulcer
disease (PUD) and gastric cancer[1]. PUD symptoms were
almost immediately attributed to the presence of H pylori
infection, however a positive correlation between the
infection and non-ulcer dyspepsia (NUD) was acknowledged
only after the results of meta-analysis[2]. NUD should be
considered in dyspeptic patients when symptoms persist for
at least a month and endoscopy reveals neither peptic ulcer
nor signs of gastric cancer[3].
Gastrin is a secretory product of antral and duodenal
G cells. Two main forms of gastrin (gastrin-17 and -34) are
present in the circulation. About 95% of antral gastrin is
gastrin-17[3,4]. Stimuli for gastrin secretion are well identified
and include food intake, presence of digested amino acids
in the lumen, cholinergic stimuli, and antral alkalization[3,4].
Although elevated serum gastrin levels are frequently
observed in individuals with chronic H pylori infection[5-7],
its pathophysiological significance in gastric mucosal
inflammation remains unclear. Gastrin is capable of
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up-regulating CXC chemokines in gastric epithelial cells and
therefore may contribute to the progression of the inflammatory
process in the stomach[8]. Chronic hypergastrinemia is also
associated with gastric argirophil cell hyperplasia in rats and
humans and carcinoid tumor in Mongolian gerbils[9]. In the
antrum of H pylori infected gerbils and humans enhanced
apoptosis is an early and transient cell cycle event whilst
epithelial cell proliferation peaks later and is related to
increased gastrin levels. Based on these findings it was
suggested that gastrin-dependent mechanism might be
responsible for epithelial cell growth in H pylori colonized
gastric mucosa[10,11]. It can be assumed that restored antral
G cell function after H pylori eradication resulting in lower
basal and meal-stimulated gastrin release would be a desirable
event in both chronic gastritis and PUD. Most studies
conducted so far focused on the effects of H pylori infection
on gastric endocrine cells in patients with duodenal ulcer
and came to different conclusions[5,6]. There have been few
reports concerning G cell morphology[12-14] and/or gastrin
secretion[7] in patients with gastritis.
The aim of our study was to investigate changes in antral
G cell morphology and function in dyspeptic patients with
H pylori infection and its possible restoration in course of
eradication therapy.

MA
TERIALS AND METHODS
MATERIALS
Patients
We conducted an outpatient based prospective study in the
Clinic for Gastroenterology and Hepatology, Clinical Center
of Serbia, lasting for 6 mo after patients completed
eradication therapy. Fifty consecutive dyspeptic patients
referred to the endoscopy and seven healthy asymptomatic
volunteers entered the study. Out of 39 H pylori positive
patients had 31 histological signs of gastritis- H pylori +G
and 8 DU- H pylori +DU. Control group 1 (CG1) consisted
of 11 H pylori negative dyspeptic patients while 7 healthy
asymptomatic volunteers were assigned to the control group
2 (CG2). All patients gave informed consent and the study
protocol was approved by the local Ethics Committee. Mean
age was 48±15 years (28 males and 22 females), 21 were
smokers and 21 had personal history of PUD. Exclusion
criteria were in concordance with the recommendations from
European H pylori Study Group[15]. H pylori infection was
diagnosed by rapid urease test (RUT), histology and
serology. A patient was defined as H pylori positive if
histology and at least one of the other applied diagnostic
methods were positive.
Diagnostic methods
Routine endoscopy and biopsy samples Upper endoscopy
was performed before therapy in all dyspeptic patients and
repeated 6 mo after appropriate therapy. In healthy
volunteers (CG2) endoscopy was performed only once.
During endoscopy antral biopsy specimens, intended for
routine histology, RUT test, determination of tissue gastrin
levels, immunohistochemistry and electron microscopy were
taken.
H pylori serology Blood samples were taken from the
patients after endoscopic examination and sera were
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separated by centrifugation and stored at -20 ¡æ until
analyzed. The concentration of anti- H pylori IgG antibodies
was analyzed using the Pyloriset EIA-G III TM (Orion
Diagnostica, Finland), according to the manufacturers’
instructions.
Therapy A triple eradication therapy consisting of omeprazole
20 mg twice a day (bid), amoxicillin 1 000 mg b.i.d. and
metronidazole 500 mg b.i.d. was administered for 7 d in
patients with H pylori infection. In uninfected patients,
symptomatic therapy consisting of antacids, H2 antagonists
or proton pump inhibitors (PPIs) was prescribed for 2 wks.
In the course of H pylori eradication, the disappearance of
spiral bacteria from antral and corpus gastric mucosa,
according to a negative RUT and histological examination,
were observed.
Histological assessment Biopsies from antral and corpus
mucosa were stained using hematoxylin- eosin and modified
Giemsa staining procedure. Biopsy specimens were assessed
according to the Sydney System[16,17] by a single, experienced
pathologist who was blinded to the clinical presentation,
endoscopic data and RUT results of the patient.
Assessment of plasma and tissue gastrin levels
Plasma preparation Full blood samples for estimating
fasting plasma gastrin levels were placed in ice/chilled tubes
(5 mL) containing EDTA (2 mg) and proteinase inhibitor
(Trasylol, 2 500 KIU). Plasma was extracted using standard
procedure and stored below -70 ¡æ until further analysis.
Tissue extract preparation Each antral mucosa biopsy
was washed with saline solution, measured and placed in to
the tube together with 1 mL of distilled water. Gastrin
extraction was performed in water bath on 95 ¡æ for 10 min,
supernatant collected and after cooling stored below -70 ¡æ
until further analysis.
Radioimmunoassay procedure (RIA) Plasma and tissue
gastrin was determined under basal conditions using
RIA protocol provided by Affiniti (UK) with rabbit
antihuman gastrin-17 antiserum. Final dilutions were for
plasma 1:100 000 and for the tissue 1:500 000. Intra-assay
and inter-assay coefficients were 9.0 and 8.4 respectively.
Sensitivity of the method was 1 pmol/L.
Evaluation of antral G cells
Immunohistochemistry Two antral biopsies from each
patient were used for immunohistochemistry and light
microscopic morphometry. These were fixed with 10%
buffered formalin and embedded in paraffin in the usual
manner. Only well-oriented antral mucosa biopsies that
allowed assessment of the full mucosal thickness were
studied. The sections were stained with different
immunohistochemical methods in order to identify antral
gastrin-producing cells and evaluate the ratio of antral G
cells/all antral endocrine cells. Immunohistochemical
staining for G cells was perfor med using rabbit anti
human gastrin-17 (1:300 dilution, Code No A0568, DAKO
A/S, Denmark) and peroxidase-labeled streptavidin biotin
method (DAKO LSAB+/HRP, DAKO A/S, Denmark).
In addition, sections were double immunostained with
both polyclonal antibody to gastrin mentioned above and
mAb to synaptohysin (1:50 dilution, Code No. A0010,

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

DAKO A/S, Denmark), using DAKO EnVisionR double
stain system (Code No. K1395). For double immunostaining,
antisynaptophysin antibody was applied first with DAB as a
chromogen, followed by antigastrin-17 antibody as the
second antibody, with AEC as a chromogen. Negative
controls were conjugated with normal horse serum[18].
Routine electron microscopy The biopsy specimens of
antral mucosa were immediately placed in a mixture of 2%
glutaraldehyde in 0.2 mol/L sodium cacodylate buffer,
pH 7.4, and fixed in the same fixative for 20 h at 4 ¡æ.
After postfixation for 1 h in 1% osmium tetroxide in
cacodylate buffer, the specimens were dehydrated in graded
ethanol and embedded in Eppon 812R, with mucosa surface
perpendicular to the cutting surface. The blocks were
sectioned with an LKB ultratome II. Ultra thin sections
were double-stained with uranyl acetate and lead-citrate
before examination in an Opton 109 electron microscope.
Morphometric analysis of G cells detected by
immunohistochemistry Three 5-μm thick immunostained
sections of antral mucosa at intervals of 50 μm were analyzed.
Weibel multipurpose test system containing 42 points and
21 lines was used for evaluation of volume density and
number of G cells[19,20]. The total number of G cells per
mm2 of antral mucosa, as well as, ratio of antral G/total
antral endocrine cells was calculated by examination of
single or double immunostained sections. All sections were
examined randomly by two histologists.
Morphometric analysis of G cells detected by electron
microscopy G cells were identified as described previously[21].
Morphometric analysis was performed using the methods
described previously[19,20]. Cell profile areas were estimated
by drawings of G-cells using Camera Lucida attached to a
Reichert microscope and analyzed with an image analyzing
system (MOP 3 Video plan; Carl Zeiss)[19,20].
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Basal plasma gastrin levels (PGL)
Basal plasma gastrin-17 levels were compared between
groups of patients at the beginning of the study. These
findings are shown in Figure 1. PGL in H pylori+DU patients
were significantly higher at the beginning of the study than
in any other group of patients irrespective of the presence
of infection (H pylori +DU: 106.78±22.72 pg/mL vs H pylori
+Ge: 74.95±15.63, H pylori+Gne: 74.21±10.99, CG1:
68.59±17.97 and CG2: 39.24±5.59 pg/mL, P<0.001).
Healthy asymptomatic controls (CG2) had significantly
lower plasma gastrin levels then all other dyspeptic patients
(P<0.01). After 6 mo, statistically significant decrease of
PGL were observed in all successfully eradicated patients
(H pylori+DU: 59.93±9.40 and H pylori+Ge: 42.36±10.28
pg/mL, P<0.001). However, no significant change was
seen in other groups (H pylori+Gne: 76.81±19.54 and
CG1: 58.29±17.97 pg/mL, P>0.05).

Before th

Statistical analysis
Each time mean and SD was calculated for results
presentation. A two sample paired or unpaired Student’s
t-test and Wilcoxon rank sum test and ANOVA were used.
A P value less than 0.05 was considered significant.

RESUL
TS
RESULTS
Clinical data
Clinical and demographic characteristics of the patients
are shown in Table 1. Out of 39 H pylori-positive patients
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eradication therapy was successful in 32 (82.1%). In all DU
patients the infection was successfully treated, together with
24 patients with gastritis (H pylori +Ge). In seven patients
with gastritis eradication therapy failed (H pylori +Gne). No
significant difference in demographic and clinical data
between H pylori+Gne and H pylori+Ge patients was
observed.

Plasma gastrin (pg/mL)
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Figure 1 Basal plasma gastrin levels in patients with and without duodenal
ulcer before and after eradication of H pylori infection. H pylori+Ge-H pylori+eradicated
patients with gastritis; H pylori+Gne-H pylori+non eradicated patients with gastritis;
H pylori+DU- patients with H pylori+duodenal ulcer; CG1- H pylori negative
dyspeptic patients; CG2- asymptomatic volunteers; th-therapy; mths-months;
b
P<0.001 in H pylori+DU vs all other groups, dP<0.01 in CG2 vs all other groups,
f
P<0.001 before vs after eradication therapy.

Table 1 Clinic and demographic data in H pylori positive patients with DU and gastritis and in the control groups at the beginning of the
study

Age (yr)

H pylori +Ge (n = 24)

H pylori+ Gne (n = 7)

H pylori +DU (n = 8)

CG1 (n = 11)

CG2 (n = 7)

P
NS

47±13

48±9

47±23

47±19

33±11

Sex (males)

13

1

2

5

2

NS

Smokers

8

3

2

4

4

NS

Alcohol intake

12

3

1

1

1

NS

PH of PUD

8

0

6

7

0

NS

FH of PUD

11

3

5

6

3

NS

H pylori +Ge-H pylori+eradicated patients with gastritis; H pylori+Gne-H pylori+non eradicated patients with gastritis; H pylori +DU- patients with H pylori+duodenal
ulcer; CG1-H pylori negative dyspeptic patients; CG2- asymptomatic volunteers; PUD -peptic ulcer disease; PH-personal history; FH- family history; NS-not
statistically significant.
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Basal tissue gastrin concentrations
At the beginning of the study there was no significant
difference (P>0.05) in antral tissue gastrin concentrations
(ATGC) between groups of infected (H pylori+Ge: 0.23±0.05,
H pylori+Gne: 0.23±0.05, H pylori+DU: 0.24±0.03 pg/g wet
weight) and uninfected patients (CG1: 0.22±0.04 and CG2:
0.24±0.03 pg/g wet weight). After successful eradication
therapy significant decrease in ATGC was observed only in
H pylori+Ge group (0.20±0.05 pg/g wet weight, P<0.05),
while in H pylori+DU group no significant change was
observed (0.22±0.04 pg/wet weight, P>0.05). ATGC in
the H pylori+Gne and CG1 did not change significantly
(0.26±0.07 and 0.26±0.06 pg/g wet weight, respectively,
P>0.05). These findings are seen in Figure 2.

6 mo of follow-up in H pylori+Gne (405±32 vs 432±18),
CG1 (413±61 vs 428±80) and CG2 (426±57) patients. In
the H pylori+DU patients mean number of antral G cells
per mm2 of mucosa was lower at the beginning of the
study (292±20) than in any other group analyzed (P<0.01).
At the end of the follow-up and after successful eradication
of H pylori infection number of antral G cells identified in
DU patients was increased (400±32) and comparable to
both control groups (CG1 and CG2). By contrast, in patients
with gastritis successful treatment lead to a decrease in both
antral G cell number (416±40 vs 294±32, P<0.01) and
volume density (0.48±0.09 vs 0.31±0.02, P<0.01), as seen
in Figure 3. However, no significant change of the G
cell/ total endocrine cell ratio was observed during the
6 mo of follow up in any of the groups, including H pylori
+Ge group (Figure 4).

Before th
Tissue gastrin (pg/g wet weight)
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After 6 mths
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Figure 2 Antral tissue gastrin levels in patients with and without duodenal
ulcer before and after eradication of H pylori infection. H pylori +Ge-H pylori+
eradicated patients with gastritis; H pylori+Gne-H pylori+non eradicated
patients with gastritis; H pylori +DU-patients with H pylori+duodenal ulcer;
CG1- H pylori negative dyspeptic patients; CG2- asymptomatic volunteers;
th-therapy; mths-months.

Figure 3 Pyloric gland area of H pylori associated gastritis before (A) and after
eradication (B) therapy. DAKO LSAB+ immunohistochemical staining and
diaminobezydine (DAB) as chromogen; x20 (A) and x10 (B).There is evident
lower gastrin cell number after succesful eradication therapy.

Antral G cell number
Antral G cell number was expressed as number of identified
G cells per mm2 of antral mucosa, G cell volume density
(%) and a ratio of antral G/total antral endocrine cell count
(Table 2). Antral G cell number remained unchanged after

Ultrastructural morphometric analysis of gastric antral G cell
Ultrastructural characteristics of antral G cells in healthy
controls (Figure 5) and dyspeptic patients (Figure 6) before
and after therapy were assessed using electron microscopy
morphometric study (Table 3). Electron microscopy revealed

Table 2 Antral G cell in dyspeptic patients before and after eradication therapy-morphometric analysis on light microscopy
H pylori +Ge
(n = 24)

H pylori +Gne
(n = 7)

H pylori +DU
(n = 8)

CG1
(n = 11)

CG2
(n = 7)

P

Before therapy

416±40

405±32

292±20a

413±61

426±57

0.05 a

After therapy

294±32

432±18

400±32

428±80

/

NS

NS

/

G cell number (per mm2 of antral mucosa)

P

a

0.05a

NS

b

0.01b

G cell volume density (%)
Before therapy

0.48±0.09

0.43±0.11

0.42±0.02

0.48±0.03

0.44±0.02

NS

After therapy

0.31±0.02a

0.40±0.04

0.43±0.01

0.50±0.03

/

NS

0.05

NS

NS

NS

/

P
Antral G/ total antral endocrine cells ratio
Before therapy

0.44±0.04

0.40±0.03

0.37±0.05

0.44±0.29

0.45±0.07

NS

After therapy

0.44±0.02

0.47±0.07

0.41±0.07

0.44±0.37

/

NS

NS

NS

NS

NS

/

P

H pylori+Ge- H pylori+eradicated patients with gastritis; H pylori+Gne-H pylori+non eradicated patients with gastritis; H pylori+DU-patients with H pylori+duodenal
ulcer; CG1-H pylori negative dyspeptic patients; CG2- asymptomatic volunteers; NS- P>0.05; aP<0.05; bP<0.01.
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Table 3 Ultrastructural characteristics of antral G cell in dyspeptic patients before and after therapy assessed by electron microscopy
morphometric study
Antral G cell

H pylori+Ge
(n = 24)

H pylori+Gne
(n = 7)

H pylori+DU
(n = 8)

CG1
(n = 11)

CG2
(n = 7)

37

P

Number of cells analyzed
Before therapy

93

30

33

55

After therapy

113

31

30

47

Before therapy

142±14

138±20

188±14a

130±10

After therapy

140±15

133±12

138±10

NS

NS

0.001d

Cell profile surface (μm2)

P

d

136±10

0.05a

133±12

/

NS

NS

/
5.5±0.9

Endoplasmatic reticulum (μm2) (profile surface)
Before therapy

6.9±2.3a

6.2±2.3

17.9±2.3b

5.3±0.9

After therapy

5.0±2.3

6.0±1.0

5.7±1.3

5.5±0.7

NS

NS

0.001d

NS

P

d

0.05;b0.01

a

NS

Volumen density of cytoplasmic granules
Before therapy

17.3±1.9a

13.1±3.2

47.0±4.9b

14.6±2.7

13.6±2.7

After therapy

9.7±1.1

14.2±3.1

17.3±1.9

13.2±2.0

/

0.01b

NS

NS

NS

/

Before therapy

232±18a

199±34

330±13b

190±37

196±21

After therapy

180±13

202±45

220±31

196±20

/

NS

NS

NS

NS

/

Before therapy

220±23

245±11

327±23a

237±4

After therapy

223±23

229±22

257±21

223±9

NS

NS

0.01b

b

P

0.05;b0.01

a

NS

Number of cytoplasmic granules/cell profile

P

0.05;b0.01

a

NS

Mean diameter of cytoplasmic granules (nm)

P

b

227±7
/

NS

/
2.05±0.23

0.01a
NS

Golgi apparatus (μm2) (profile surface)
Before therapy

2.9±0.10b

After therapy
P
a

2.10±0.3

3.33±0.10a

2.11±0.33

2.15±0.10

2.23±0.2

2.20±0.11

2.20±0.22

/

0.01b

NS

0.01b

NS

/

b

0.01a
NS

P<0.05, bP<0.01, dP<0.001 vs others.

changes in antral G cell morphology in all H pylori+patients.
Namely, more prominent endoplasmatic reticulum (Figure 6B)
and Golgy apparatus together with an increase in number
and volume density of cytoplasmic granules (Figure 6A)
were identified in all H pylori infected individuals. Antral G
cells of H pylori+DU patients, however, exhibited some
specific features, such as increased cell profile surface and
increased mean diameter of cytoplasmic granules. It was

A

B

also found that G cells in DU patients, in comparison with
healthy controls, have an increased proportion of dense
core granules. In H pylori+Ge patients more granules per
profile and higher volumen density, but similar diameter of
secretory granules was identified when compared to the
CG1 patients.
After successful eradication all those alterations were
normalized and G cell ultrastructurally resembled to those
found in CG2 group, with the exception of the diameter
and volume density of cytoplasmic granules that remained
higher in the H pylori +DU patients.
A

Figure 4 Synaptophysin and gastrin double immunostaining in pyloric gland
of H pylori-associated gastritis before (A) and after (B) eradication therapy.
DAKO EnVision double stain method; DAB is chromogen for G cells and
aminoethylcarbazole (AEC) is chromogen for synaptophysin containing
endocrine cells. x20 (A) and x10 (B). G cells (red)/ other endocrine cells
(brown) ratio is equal before (A) and after (B) succesful eradication of H pylori
infection.

B

Figure 5 Electron micrographs of gastrin producing cells from healthy persons
antral mucosa. Normal ultrastructure is characterized by the presence of
numerous secretory granules of different electron density. Uranyl acetate,
lead citrate; x8 400 (A) and x12 680 (B).
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A

B

Figure 6 Electron micrographs of gastrin producing cells from H pylori infected
individuals with gastritis (A) and duodenal ulcer (B) before eradication therapy.
Uranyl acetate, lead citrate; x8 400 (both A and B). Note that total number of
granules is higher than in controls and that dense core granules are more
numerous in H pylori+patient with gastritis (A). Endoplasmatic reticulum is very
prominent in H pylori+patient with duodenal ulcer.

DISCUSSION
In our study, eradication therapy was successful in 82%
(32/39) of all H pylori infected patients, all DU (100%,
8/8,) and 77% of patients (24/31) with gastritis that accords
with previously proposed acceptable eradication rate of
approximately 80%[2,22]. Eradication rate in our study is in
line with results obtained with this eradication protocol that
is, according to the literature, ranging from 53-81%[23,24].
It is well known that H pylori leads to chronic gastritis and
affects gastric acid secretion in virtually all infected individuals.
The underlying mechanism responsible for changes in gastric
acid secretion in H pylori infected individuals is not completely
explained, however it is probably a result of impaired gastrin
and somatostatin secretion and elevated proinflammatory
cytokines in the infected gastric mucosa[8,22,25]. Gastrin
secretion and morphofunctional features of antral G cells
in patients with H pylori infection and gastritis or DU was
scarcely studied using a comparative study, before and after
eradication of the infection.
In the present study, healthy asymptomatic individuals
(CG2) had significantly lower plasma gastrin levels then all
dyspeptic patients. Higher gastrin concentrations were
registered in the plasma of H pylori infected individuals,
both with gastritis and especially when duodenal ulcer was
found on endoscopy. After 6 mo, significant decrease in
plasma gastrin levels was registered in all successfully
eradicated patients. However, no significant change was seen
in other groups, including noneradicated patients with gastritis
(H pylori+Gne) and dyspeptic patients without H pylori
infection (CG1).
Higher basal plasma gastrin levels in H pylori infected
patients and animals compared to the uninfected controls
were previously reported by different authors[3-6,10,25]. Our
results showed that in infected patients with DU have
significantly higher plasma levels of gastrin-17 when
compared to H pylori+patients with gastritis, as was previously
demonstrated both in adults by Kamada et al.[26], and in
children by Kato et al.[27], but opposed to the results of
other studies [14]. After successful eradication of H pylori
infection, plasma gastrin levels decreased markedly in both
DU and gastritis patients, as demonstrated previously in
adults[1,26,28-30] and pediatric patients[27,31] by other authors.
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This change was not observed in non-eradicated patients
and uninfected dyspeptic controls, implicating that decrease
in plasma gastrin is directly related to the eradication of the
bacterium from the stomach.
Antral tissue gastrin concentrations at the beginning of
our study were similar in both infected (DU and gastritis
group) and uninfected patients, as in other studies[31,32].
Successful eradication therapy lead to a significant decrease
in antral tissue gastrin concentrations in patients with gastritis,
as seen in other studies[33], but not in DU patients.
Immunohistochemical and ultrastructural examination
of G cell morphology at the beginning of the study revealed
significantly lower antral G cell number in H pylori+DU
patients compared to all the other groups. However, after
successful eradication antral G cell number was close to
values observed in controls (both CG1 and CG2). By contrast,
successful eradication therapy lead to a decrease in G cell
number in the antrum of infected patients with gastritis.
On the other hand no significant change in gastrin/total
endocrine cell ratio was observed during the 6 mo of follow
up, neither in infected nor uninfected patients.
Majority of authors agree that there is no significant
difference in antral G cell number in infected and uninfected
patients before therapy[12,26,28,31,32]. Yacoub et al., in a similar
study, did not find differences in antral G,D, and EC cell
densities and G/D, G/EC and D/EC cell ratios in DU
patients[13] compared to controls. On the other hand, a study
by Chamouard et al.[34], showed significantly lower number
of antral G cells in DU patients, that is in agreement with
the results of our study. The decrease in antral G cell number
in subjects with DU (that can also correspond to the
degranulation of very active gastrin-producing cells resulting
in profound hypergastrinemia) could be related to the fact
that the number of bacteria and/or severity of antral gastritis
is greater in DU patients. Other possible explanation could
be related to differences in H pylori strains that colonize the
antrum of patients with DU. Namely, we previously reported
that in Serbia and Montenegro there is high seroprevalence
of cagA-positive H pylori strains in dyspeptic patients with
and without peptic ulcer, while VacA-positive strains are
more closely related to peptic ulcer disease[35]. However,
Gaider et al., found CagA+ strains in 78% patients with
H pylori infection and DU and described the absence of
CagA+strains in individuals with antral G-cell hyperplasia[36].
Based on the ultrastructural findings, we propose that
in the H pylori +DU patients strongly stimulated remaining
antral G cells, as a result of a compensatory mechanism,
develop a strong synthetic and secretory phenotype before
eradication therapy. In addition, after successful eradication
all ultrastructural alterations registered in H pylori+DU
patients were normalized to appearance expected in control
group, excluding cytoplasmic granules volume density and
their diameter which retained some higher values, but the
observed difference was not statistically significant in
comparison to values in healthy subjects. These findings
suggest that remaining alterations in G cell morphology in
DU should be attributed to an unknown host factor.
After successful H pylori eradication in dyspeptic
patients with gastritis both unchanged[35] and decreased[31]
antral G cell number was reported, that is consistent with
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our results where eradication therapy lead to a decrease in
antral G cell number.
Ultrastructural examinations in H pylori+ patients with
gastritis at the beginning of the study revealed similar, but
less prominent subcellular alterations of G cell morphology
detected the DU patients. We confirmed in our study,
previously reported, increased cytoplasmic cell granule index
in patients with H pylori-related gastritis using electron
microscopy and immunohistochemical examination of
antral G cells[12]. After successful eradication, all detected
alterations were reversed and antral G cells had morphological
features similar to those in healthy controls. This is consistent
with the findings of Sugamata et al.[14], demonstrating the
reversibility of antral G cell morphology changes after
elimination of the infection.
We identified total antral endocrine cell population and
calculated number of G cells using double immunostaining
for both synaptophysin and gastrin. Synaptophysin was
considered an adequate pan-neuroendocrine marker
based on the distribution background in the human antrum,
while its importance in the other parts of gastrointestinal
tract remains limited. The co-localization study revealed that
synaptophysin immunoreactivity occurred in virtually all
antral gastrin, somatostatin and serotonin-producing cells[38].
In the antrum, proportion G cells accounts for 40% of all
endocrine cells[9], as described in all of our examined groups
of patients and healthy controls. The fact that the antral G
cells/total endocrine cell ratio remained unchanged after
eradication of H pylori implicates that other gastric endocrine
cell types disturbances are related with the presence of the
infection. This finding is important for the understanding
of the potential important role of other endocrine cell types
and their interactive, functional relationship in gastric
regulatory physiology in gastritis and peptic ulcer disease
associated with H pylori infection. Namely, previous studies
reported the increase in basal and gastrin-stimulated
somatostatin-containing (D) cell activity in the early phase
(4-8 wks) after H pylori eradication in gastric ulcers[22] and
gastritis [39], suggesting that both antral G and D cell
morphology and function should be considered in the gastric
mucosal response to the presence of H pylori infection.
Decreased antral D cell number in patients with H pylorirelated chronic gastritis might be one of the reasons for the
existing hypergastrinemia[12].
Possible mechanisms responsible for hypergastrinemia
in H pylori associated gastritis or duodenal ulcer could be
different. Some recent studies indicated that ypergastrinemia
related to H pylori infection is associated with enhanced
activity of platelet activating factor (PAF) produced locally,
in the affected gastric mucosa and higher expression of
nuclear factor kappaB (NF-kappaB) [40,41] . PAF may
contribute to the hypergastrinemia of H pylori infection by
stimulating gastrin release from G cells involving influx of
extracellular calcium via L-type channels and activation of
protein kinase C[40]. NF-kappaB activation is considered
crucial event in the production of proinflammatory
molecules in H pylori -associated gastritis. In the uninflammed
stomach, NF-kappaB was highly expressed and active in a
subset of epithelial cells, which were identified as
predominantly G cells. In accordance with this activity, antral

July 21, 2005

Volume 11

Number 27

mucosa of infected individuals expressed high levels of the
NF-kappaB target cytokine TNF-alpha, a well-documented
stimulator of gastrin production. In patients with H pyloriassociated gastritis, NF-kappaB activity was markedly
enhanced and activation occurred preferentially in the
epithelial cells[41]. In addition, treatment of cultured canine
antral G-cells with H pylori constituents enhances subsequent
basal and bombesin-stimulated gastrin release suggesting that
direct contact between H pylori and G-cells in the gastric
antrum may be responsible for the hypergastrinemia seen
in the infected individuals[42].
In conclusion, it may be concluded that in H pylori infected
patients with chronic gastritis, changes in morphology and
function of antral G cell are completely reversible and
attributable exclusively to the presence of the bacterium in
the gastric mucosa. However, duodenal ulcer formation in
infected individuals is partly attributable to the presence of
the infection, but host factors are of importance as well,
since more profound alterations are observed and a certain
extent of antral G cell hyperfunction, resulting in prolonged
hypergastrinemia, is detected. Further investigations are
needed in order to identify relevant host characteristics
leading to the ulcer formation including gene polymorphisms
of proinflammatory cytokines involved in the control of
gastric acid secretion.

REFERENCES
1

2
3
4
5

6

7

8

9

10

11

Bobrzynski A. Hormonal, secretory and morphological alterations in gastric mucosa in the course of Helicobacter pylori
eradication in patients with duodenal ulcer and non-ulcer
dyspepsia. J Physiol Pharmacol 1997; 48: S4-S16
Hunt RH, Huang JQ. The case for treatment of dyspeptic
patient infected with H pylori. Eur J Surg Suppl 1998; 582: 6-10
Dockray GJ. Gastrin and gastric epithelial physiology. J Physiol
1999; 518: 315-324
Kaneko H, Konagaya T, Kusugami K. Helicobacter pylori and
gut hormones. J Gastroenterol 2002; 37: 77-86
Gisbert JP, Boixeda D, Vila T, De Rafael L, Redondo C, De
Argila CM. Basal and stimulated gastrin levels and gastric
acid output five months after therapy for Helicobacter pylori
eradication in duodenal ulcer patients. J Clin Gastroenterol
1996; 22: 90-95
Haruma K, Sumii K, Okamoto S, Yoshihara M, Kajiyama G,
Wagner S. Helicobacter pylori infection associated with low
antral somatostatin content in young adults: implications for
the pathogenesis of hypergastrinemia. Scand J Gastroenterol
1995; 30(6 Pt 1): 550-553
Feldman M, Cryer B, Lee E. Effects of Helicobacter pylori gastritis on gastric secretion in healthy human beings. Am J Physiol
Gastrointest Liver Physiol 1998; 274(6 Pt 1): G1011-G1017
Hiraoka S, Miyayaki Y, Kitamura S, Toyota M, Kiyohara T,
Shinomura Y, Mukaida N, Matsuzawa Y. Gastrin induces
CXC chemokine expression in gastric epithelial cells through
activation of NF-κB. Am J Physiol Gastrointest Liver Physiol
2001; 281: G735-742
Sugiyama A, Ikeno T, Maruta F, Kawasaki S, Hayama M,
Ota H, Yoshiyawa A, Nakajuma K, Fukushima M, Honda T.
Long-term Helicobacter colonization produces G cell hyperplasia and carcinoid tumor in Mongolian gerbils. J Cell Mol
Med 2000; 4: 308-309
Peek RM Jr, Wirth HP, Moss SF, Yang M, Abdalla AM, Tham
KT, Zhang T, Tang LH, Modlin IM, Blaser MJ. Helicobacter
pylori alters gastric epithelial cell cycle events and gastric
acid secretion in Mongolian gerbils. Gastroenterology 2000;
118: 48-59
Drndarevic N, Todorovic V, Micev M, Sokic-Milutinovic A,

Sokic-Milutinovic A et al. Gastrin and G cell in H pylori infection

12

13

14

15

16
17

18
19

20

21

22

23

24

25

26

Milosavljevic T, Spuran M. Assesment of epithelial cell proliferation in gastric mucosal biopsies of patients with Helicobacter
pylori infection. Gut 2003; 52: A151
Tzaneva M. Light and microscopic immunohistochemical investigation on G and D cells in antral mucosa in Helicobacter
pylori related gastritis. Exp Toxicol Pathol 2001; 52: 523-528
Yacoub WR, Thomson ABR, Hooper P, Jewell LD. Immunocytochemical and morphometric studies of gastrin-, somatostatin- and serotonin- producing cells in the stomach and
duodenum of patients with acid peptic disorders. Can J
Gasroenterol 1996; 10: 395-400
Sugamata M, Ihara T, Todate A, Sugamata M, Hirakawa R,
Yoshida Y, Yamanaka T, Miyata M, Miura M. Ultrastructural
study of antral G cells in patients with duodenal ulcer: effect
of Helicobacter pylori eradication. Helicobacter 1997; 2: 118-122
Malfertheiner P, Megraud F, O’ Morain CO, Bell D, Bianchi
Porro G, Deltenre M, Forman D, Gasbarrini G, Jaup B,
Misiewicz JJ, Pajares J, Quina M, Rauws E. Current European
concepts in the management of Helicobacter pylori infection –
the Maastricht consensus report. Eur J Gastroenterol Hepatol
1997; 9: 91-92
Goodwin CS. The Sydney system – microbial gastritis. J
Gastroenterol Hepatol 1991; 6: 223-235
Dixon MF, Genta RM, Yardley JH, Correa P. Classification
and grading of gastritis. The updated Sydney System. Am J
Surg Pathol 1996; 20: 1161-1181
Sternberg LA. Immunohistochemistry. New York: Zwiley and
Sons 1986
Koko V, Todorovic V, Varagic J, Micev M, Korac A, Bajcetic
M, Cakic-Milosevic M, Nedeljkovic M, Drndarevic N. Gastrin
producing G-cells after chronic ethanol and low protein
nutrition. Ind J Exp Biol 1998; 36: 1093-1101
Todorovic V, Koko V, Varagic J, Lackovic V, Vuzevski V,
Milin J. Effects of chronic ethanol administration on the serotonin-producing cells in rat antral and duodenal mucosa.
Histol Histopathol 1993; 8: 285-296
Bordi C, D’ Adda T, Azzoni C, Ferraro G. Classification of
gastric endocrine cells at light and electron microscopical levels.
Microsc Res Techn 2000; 48: 258-271
Hayakawa T, Kaneko H, Konagaya T, Shinoyaki K, Kasahara
A, Funaki Y, Mori S, Yokoi T, Hirooka Y, Kusugami K, Kakunu
S. Enhanced somatostatin secretion into the gastric juice with
recovery of basal acid output after Helicobacter pylori eradication in gastric ulcers. Gastroenterol Hepatol 2003; 18: 505-511
Lind T, Van Zanten SV, Unge P, Spiller R, Bayerdorffer E,
O’Morain C, Bardhan K, Bradette M, Chiba N, Wrangstadh
M. Eradication of Hp using one week triple therapies combining omeprazole with two antimicrobials: the MACH I study.
Helicobacter 1996; 1: 138-144
Bayerdörffer E, Lind T, Dite P, Dev Bardhan K, O’Morain C,
Delchier JC, Spiller R, Van Zanten SV, Sipponen P, Megraud
F, Zeijlon L. Omeprazole, amoxycillin and metronidazole for
the cure of Hp infection. Eur J Gastroenterol Hepatol 1999; 11:
S19-S22
Zhao CM, Wang X, Friis-Hansen L, Waldum HL, Halgunset
J, Waldstrom T, Chen D. Chronic Helicobacter pylori infection
results in gastric hypoacidity and hypergastrinemia in wildtype mice but vagally induced hypersecretion in gastrindeficient
mice. Regul Pept 2003; 15: 161-170
Kamada T, Haruma K, Kawaguchi H, Yoshihara M, Sumii K,
Kajiyama G. The association between antral G and D cells
and mucosal inflammation, atrophy, and Helicobacter pylori
infection in subjects with normal mucosa, chronic gastritis
and duodenal ulcer. Am J Gastroenterol 1998; 93: 748-752

27

28

29

30

31

32

33
34

35

36

37

38

39

40

41

42

4147
Kato S, Oyawa K, Koike T, Sekine H, Ohara S, Minoura T,
Iinuma K. Effect of Helicobacter pylori infection on gastric acid
secretion and meal-stimulated serum gastrin in children.
Helicobacter 2004; 9: 100-105
Park SM, Lee HR, Kim JG, Park JW, Jung G, Han SH, Cho JH,
Kim MK. Effect of Helicobacter pylori infection on antral gastrin and somatostatin cells and on serum gastrin concentrations.
Korean J Int Med 1999; 14: 15-20
Kim JH, Park HJ, Cho JS, Lee KS, Lee SI, Park IS, Kim CK.
Relationship of cagA to serum gastrin concentrations and
antral G, D cell densities in Helicobacter pylori infection. Yonsei
Med J 1999; 40: 301-306
Williams MP, Usselmann B, Chilton A, Sercombe J, Nwokolo
CU, Pounder RE. Eradication of Helicobacter pylori increases
nocturnal intragastric acidity during dosing with rabeprazole,
omeprazole, lansoprazole and placebo. Aliment Pharmacol Ther
2003; 17: 775-783
Queiroz DM, Mendes EN, Rocha GA, Moura SB, Resende
LM, Barbosa AJ, Coehlo LG, Passos MC, Castro LP, Oliveira
CA. Effect of Helicobacter pylori eradication on antral gastrin–
and somatostatin–immunoreactive cell density and gastrin
and somatostatin concentrations. Scand J Gastroenterol 1993;
28: 858-864
Odum L, Petersen HD, Andersen IB, Hansen BF, Rehfeld JF.
Gastrin and somatostatin in Helicobacter pylori infected antral
mucosa. Gut 1994; 35: 615-618
Kwan CP, Tytgat GN. Antral G cell hyperplasia: a vanishing
disease? Eur J Gastroenterol Hepatol 1995; 7: 1099-1103
Chamouard P, Walter P, Wittersheim C, Demuynck P,
Meunier O, Baumann R. Antral and fundic D-cell numbers in
Helicobacter pylori infection. Eur J Gastroenterol Hepatol 1997; 9:
361-365
Sokic Milutinovic A, Wex T, Todorovic V, Milosavljevic T,
Malfertheiner P. Anti- CagA and anti-VacA antibodies in
Helicobacter pylori infected patients with and without peptic
ulcer disease in Serbia and Montenegro. Scand J Gastroenterol
2004; 30: 222-226
Gaidar IuA, Stepanova EV, Mosiichuk LN, Demeshkina LV,
Sheikhetova GA, Bespalova EV, Kudriavtseva VE, Vcherashiaia
NN. Particular features of the relationship of Helicobacter pylori
and G cells in patients with duodenal ulcer, with special reference to the Helicobacter pylori strain. Lik Sprava 2001; 4: 176-177
Graham DY, Lew GM, Lechago J. Antral G-cell and D-cell
numbers in Helicobacter pylori infection: effect of H pylori
eradication. Gastroenterology 1993; 104: 1655-1660
Portela-Gomes GM, Stridsberg M, Johansson H, Grimelius
L. Co-localization of synaptophisin with different neuroendocrine hormones in the human gastrointestinal tract.
Histochem Cell Biol 1999; 111: 49-54
Milutinovic AS, Todorovic V, Milosavljevic T, Micev M,
Spuran M, Drndarevic N. Somatostatin and D cells in patients with gastritis in the course of Helicobacter pylori
eradication: a six-month, follow-up study. Eur J Gastroenterol
Hepatol 2003; 15: 755-766
Beales IL. Effect of platelet-activating factor on gastrinrelease from cultured rabbit G-cells. Dig Dis Sci 2001; 46:
301-306
Van Den Brink GR, Ten Kate EJ, Ponsioen CY, Rive MM,
Tytgat GN, van Deventer SJ, Peppelenbosch MP. Expression
and activation of NF/kappa B in the antrum of the human
stomach. J Immunol 2000; 164: 3353-3359
Beales IL, Calam J. Helicobacter pylori increases gastrin release from cultured canine antral- G-cells. Eur J Gastroenterol
Hepatol 2000; 12: 641-644
Science Editor Guo SY Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(27):4148-4153
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• Helicobacter pylori •

Enhanced plasma ghrelin levels in Helicobacter pylori-colonized,
interleukin-1-receptor type 1-homozygous knockout (IL-1R1-/-) mice
Yuka Abiko, Hidekazu Suzuki, Tatsuhiro Masaoka, Sachiko Nomura, Kumiko Kurabayashi, Hiroshi Hosoda, Kenji Kangawa,
Toshifumi Hibi
Yuka Abiko, Hidekazu Suzuki, Tatsuhiro Masaoka, Sachiko
Nomura, Kumiko Kurabayashi, Toshifumi Hibi, Department of
Internal Medicine and Center for Integrated Medical Research, Keio
University School of Medicine, Shinjuku-ku, Tokyo 160-8582, Japan
Hiroshi Hosoda, Kenji Kangawa, Department of Biochemistry,
National Cardiovascular Center Research Institute, Suita, Osaka
565-8565, Japan
Supported by a Grant-in-Aid for Scientific Research C (2) from
the Japan Society for the Promotion of Science (JSPS) (15590686,
to H.S.), and a grant from the Keio University School of Medicine
Correspondence to: Hidekazu Suzuki, MD, PhD, Assistant
Professor, Department of Internal Medicine, School of Medicine,
Keio University, 35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582,
Japan. hsuzuki@sc.itc.keio.ac.jp
Telephone: +81-3-5363-3914 Fax: +81-3-5363-3967
Received: 2004-10-14 Accepted: 2004-11-29

Abstract
AIM: Ghrelin is an endogenous ligand for the growth
hormone secretagogue receptor, and it plays a role in
stimulating the growth hormone secretion, food intake,
body weight gain and gastric motility. Eradication of
Helicobacter pylori (H pylori) was shown to be associated
with increase of the body weight. On the other hand, H pylori
infection evokes the release of gastric IL-1β. The present
study was designed to investigate the involvement of
the gastric IL-1 signal in the ghrelin dynamics in H pyloricolonized mice.
METHODS: Twelve-week-old female IL-1-receptor type
1-homozygous-knockout mice (IL-1R1-/-) and their wild-type
littermates (WT) were orally inoculated with H pylori
(Hp group), while other cohorts received oral inoculation
of culture medium (Cont group). Thirteen weeks after
the inoculation, the mice were examined. The plasma
and stomach ghrelin levels and the gastric preproghrelin
mRNA were measured.
RESULTS: Although the WT mice with H pylori infection
showed a significantly decreased body weight as
compared with that of the animals without H pylori infection,
H pylori infection did not influence the body weight of the
IL-1R1-knockout (IL-1R1-/-) mice. In the H pylori-infected
IL-1R1-/- mice, the total and active ghrelin levels in the
plasma were significantly increased, and the gastric
ghrelin level was decreased. No significant differences
were noted in the gastric preproghrelin mRNA expression.
CONCLUSION: Ghrelin secretion triggered by H pylori
infection might be suppressed by IL-1β, the release of

which is also induced by the infection, resulting in the
body weight loss of mice with H pylori infection.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ghrelin, an endogenous ligand for the growth hormone
secretagogue receptor (GHS-R), stimulates growth hormone
(GH) release from cultured pituitary cells in a dosedependent manner[1], and is produced and secreted from
the A-like cells found mainly in the oxyntic glands of the
gastric fundus[2]. Ghrelin is now known to play a role in not
only GH release, but also in controlling the appetite and
body weight. Since both parenterally and intracerebroventricularly administered ghrelin have been shown to
stimulate food intake and increase the body weight of
mice and rats with free access to food, even those animals
with GH deficiency[3,4], the control of appetite and body
weight may be independent of GH release. Ghrelin, a
28-amino-acid peptide, is activated when its third serine
residue is acylated by n-octanoic acid, and GHS-R is
responsive to the first four or five residues including the
octanylated serine residue of the whole ghrelin peptide[5].
GHS-R has been shown to be present in the pituitary,
hypothalamus, adrenal glands, thyroid, pancreas, myocardium,
spleen and testes[1,6-8]. Ghrelin stimulates the expression of
both NPY and AGRP mRNA in the hypothalamus. The
central orexigenic effect of ghrelin is mediated by the
NPY/AGRP-expressing neurons in the hypothalamus[3,9-11].
On the other hand, ghrelin has also been reported to suppress
vagal afferent activity[2]. The peripheral orexigenic effect
of ghrelin may be mediated, at least in part, by its suppressive
effect on the vagal afferent activity.
IL-1β is a pro-inflammatory cytokine that mediates the
cachectic process by stimulating the expression and release
of leptin, [12] and/or by mimicking the effect on the
hypothalamus of excessive negative-feedback signaling from
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leptin[13]. Cachexia is a condition characterized by wasting,
emaciation, feebleness and inanition. It was recently reported
that the levels of both ghrelin peptide and ghrelin mRNA
in the stomach were up-regulated in a mouse model of
cancer cachexia[14]. In cachectic mice with increased plasma
levels of IL-1β, the plasma concentrations of ghrelin also
increased with the progression of cachexia[15]. This result
suggests that a close relationship might exist between the
ghrelin dynamics and the cachectic process mediated by
IL-1. IL-1β is an anorexigenic substance, just like CCK,
leptin, gastrin-related protein and bombesin, and antagonizes
the actions of ghrelin. Asakawa et al., reported that parenterally
administered IL-1β decreased NPY mRNA expression in
the hypothalamus and preproghrelin mRNA expression in
the stomach, and that intraperitoneally administered ghrelin
inhibited the severity of IL-1β-induced anorexia.
Helicobacter pylori (H pylori) infection is known to be a
major pathogenetic factor in the development of gastritis,
peptic ulcer disease and gastric malignancy[16,17]. Attachment
of H pylori to the gastric mucosa induces inflammation,
which is associated with the release of various cytokines,
including IL-1β [18] . Although the importance of the
anorexigenic effect of IL-1β in cases with H pylori infection
has not yet been clarified, it has been observed clinically
that H pylori eradication is often followed by improvement
of some nutritional parameters, such as the body weight
and the serum levels of total cholesterol, total protein and
albumin[19]. We recently reported that H pylori infection could
modify the plasma and gastric ghrelin dynamics in
Mongolian gerbils[20]. In humans, however, H pylori infection
has been reported not to be associated with any changes of
the plasma ghrelin levels[21,22], although eradication of H pylori
has been shown by some to be associated with increases of
the plasma ghrelin levels[23]. Therefore, regulation of the
ghrelin dynamics and its influence on the body weight control
in cases with H pylori infection still remains to be clarified.
We designed the present study to investigate the role of
the gastric IL-1 signal in the regulation of the ghrelin
dynamics and its influence on the body weight control under
in cases with H pylori infection.

MA
TERIALS AND METHODS
MATERIALS
Animal procedures
All experiments and procedures carried out on the animals
were approved by the Keio University Animal Research
Committee (No. 023009). Twelve-week-old, specificpathogen-free female interleukin-1 (IL-1)-receptor type
1-homozygous-knockout mice (IL-1R1-/-) on a C57BL/6
background (The Jackson Lab., Bar Harbor, ME, USA)
and their wild-type cohorts as controls (WT) were used for
the study. The Sydney Strain of H pylori (SS1) was grown
from frozen stocks at 37 under microaerobic conditions
for 24-36 h in lysed horse-blood agar supplemented with
antibiotics, harvested in Brucella broth, and administered
to the mice immediately after being harvested. Six IL-1R1-/mice and five WT mice were orally inoculated with H pylori
(1.5×108 CFU/mL, 0.5 mL), while another six IL-1R1-/mice and five WT mice were orally inoculated with the
culture medium alone as control. A week later, each animal
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was inoculated again with the aforementioned bacterial
strain. Thirteen weeks after the first inoculation, all the
mice were examined under ether anesthesia. The mice were
then deprived of food for 17 h before being killed. The
body weight of each mouse was measured just before the
examination.
Confirmation of Infection
H pylori infection was diagnosed by determining the number
of CFUs in a microaerobic bacterial culture. Briefly, the
diluted homogenates of the stomachs were plated on to
Brucella agar plates containing 10% horse blood, 2.5 µg/mL
amphotericin B, 9 µg/mL vancomycin, 0.32 µg/mL polymyxin
B, 5 µg/mL trimethoprim, and 50 µg/mL 2, 3, 5-triphenyltetrazolium chloride. The plates were then incubated at
in a microaerobic atmosphere for 7 d[24]. All of the
37
H pylori inoculated animals were confirmed as H pylori
positive by this procedure in the present study.
Measurement of plasma ghrelin levels
Whole-blood samples were obtained from the right ventricle
in tubes containing EDTA-2Na (1 mg/mL blood) and
aprotinin (500 kIU/mL blood). The tubes were centrifuged
and the plasma samples were stored at -80 .
Plasma total ghrelin was measured using the DesacylGhrelin ELISA Kit (Mitsubishi Kagaku Medical, Inc.,
Ibaraki, Japan), and plasma active ghrelin was measured
using the Active Ghrelin ELISA Kit (Mitsubishi Kagaku
Medical, Inc., Ibaraki, Japan). Total ghrelin, i.e., active plus
inactive ghrelin, was measured using an antibody directed
against the C-terminal end (residues 1 to 11) of ghrelin,
while an antibody directed against the N-terminal end of
ghrelin (residues 13 to 28) was used for the measurement
of active ghrelin. The plasma samples were placed in testing
wells coated with the ghrelin antibodies. Then, the plate
with the wells was incubated for 2 h at room temperature.
After incubation, the samples were washed and diluted HRP
was added to the wells. The plate was then incubated again
for 1 h at room temperature. The samples were washed
and substrate solution was added to the wells. The plate
was incubated for a further 30 min at room temperature
under shade conditions. After the reaction, a reagent was
added to stop the reaction, and the absorbance of each
well was measured at 450 nm.
Measurement of myeloperoxidase activity
Immediately after the mice were sacrificed, the stomachs
of the animals were removed and opened along the greater
curvature. Tissue samples of the gastric mucosa were
collected in tubes containing PBS and protease inhibitors
(100 µmol/L phenylmethylsulfonyl fluoride, 10 µg/mL
aprotinin) and sonicated over ice in 30 consecutive 0.5 s
bursts at 0.5 s intervals, at a power setting of 150 W (VCX
50; Sonics and Materials, Inc., Newton, CT, USA). The
total protein content in the homogenates was measured by
modified Lowry’s method[25], as described by Smith et al.[26].
Myeloperoxidase (MPO) activity, as an index of tissueassociated neutrophil accumulation, was determined by a
modification of Grisham et al.’s method [27]. Aliquots
containing 100 µL of the mucosal homogenates were
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centrifuged at 8 000 r/min for 15 min at 4
to separate
the pellets of insoluble cellular debris. The pellets were
rehomogenized in an equal volume of 0.05 mol/L potassium
phosphate buffer (pH 5.4) containing 0.5%-hexadecyltrimethylammonium bromide. The samples were then centrifuged
at 8 000 r/min for 15 min at 4 and the supernatants were
reserved. The MPO activity in the supernatants was assessed
by measuring the H2O2-dependent oxidation of 3, 3’, 5,
5’-tetramethylbenzidine. One unit of enzyme activity was
defined as the amount of MPO that caused a change in the
absorbance of 1.0/min at 655 nm, at 25 .
Measurement of the gastric ghrelin levels
Fresh whole-anterior-wall specimens of the glandular
stomach were frozen immediately after collection in liquid
nitrogen and stored at -80 . Each sample was boiled for
five min in a 10-fold volume of water to inactivate the
intrinsic proteases. The solution was adjusted to 1N acetic
acid by addition of 180 microliter acetic acid after cooling,
and the tissue was homogenized. The supernatant was
lyophilized and subjected to RIA to measure the ghrelin
level. The extraction efficiency of tissue ghrelin was more
than 95%.
Two RIA techniques were used for measuring ghrelin,
as described previously [28]. Briefly, ghrelin levels were
measured using two polyclonal rabbit antibodies raised
against an N terminal (1-11) (Gly1-Lys11) or C terminal
(13-28) (Gln13-Arg28) fragment of rat ghrelin. Two tracer
ligands were synthesized: [Tyr29]-rat ghrelin for antirat
ghrelin (1-11) antiserum and [Tyr12]-rat ghrelin [13-28] for
antirat ghrelin [13-28] antiserum. The RIA incubation
mixtures containing 100 µL of either standard ghrelin or
unknown samples containing 200 µL of antiserum diluted
in RIA buffer containing 0.5% normal rabbit serum, were
initially incubated for 12 h. Then, the mixture was incubated
for 36 h after the addition of 100 µL of 125I labeled tracer
(15 000 cpm). Antirabbit IgG goat serum (100 µL) was
added followed by incubation for an additional 24 h. Free
and bound tracers were then separated by centrifugation
at 3 000 r/min for 30 min. Following aspiration of the
supernatant, the radioactivity in the pellet was quantified
using a gamma counter (ARC-600; Aloka, Tokyo, Japan).
All assays were performed at 4 . The antirat ghrelin
(1-11) antiseurm specifically recognized the n-octanoylated
form of rat ghrelin, but not the des-acyl form. The antirat
ghrelin (13-28) antiserum recognized both the acylated and
des-acyl forms of rat ghrelin equally efficiently. Both antisera
were equally cross-reactive with human and gerbil ghrelin,
and did not recognize the other enteric peptides. The
respective intra- and interassay coefficients of variation for
the N terminal RIA were 3% and 6%, and for the C terminal
RIA were 6% and 9%.
Measurement of the preproghrelin mRNA expression level in
the stomach
Total RNA was extracted from the stomach of the mice
using the RNeasy Mini Kit (Qiagen). A TaqMan quantitative
real-time RT-PCR was performed to detect preproghrelin
mRNA and GAPDH mRNA using the ABI PRISM 7700
sequence detection system (PE Applied Biosystems)[29].
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The following primers were used to amplify preproghrelin
mRNA: forward-ghrelin (5’-GGA ATC CAA GAA GCC
ACC AGC-3’), reverse-ghrelin (5’-GCT CCT GAC AGC
TTG ATG CCA-3’), and Taqman-ghrelin (5’-FAM-AAC
TGC AGC CAC GAG CTC TGG AAG GC-TAMRA-3’).
The following primers were used to amplify GAPDH
mRNA as the internal control: forward primer (5’-TTC
AAC GGC ACA GTC AAG GC-3’), reverse primer (5’GCC TTC TCC ATG GTG GTG AAG-3’), and Taqman
probe (5’-FAM-CCC ATC ACC ATC TTC CAG GAG
CGA GA-TAMRA-3’).
The preproghrelin mRNA expression levels were
normalized using the GAPDH mRNA expression levels.
Statistical analysis
All the data were expressed as the mean±SE. The data were
analyzed using one-way analysis of variance, followed by
Scheffe’s multiple comparison tests. A value of P<0.05 was
considered to denote statistical significance.

RESUL
TS
RESULTS
Among the WT mice, the H pylori-infected mice showed a
significantly reduced body weight as compared to the
uninfected and control mice (P<0.001). Although the basic
body weight of the IL-1R1-/- mice was lower than that of
the WT mice, no further reduction of the body weight of
these mice was observed after H pylori infection (Table 1).
H pylori infection increased the MPO activity in the gastric
mucosa in both the WT (P<0.01) and IL-1R1-/- (P<0.01)
mice, although in the IL-1R1 -/- mice, the increase was
significantly less marked (P<0.05) (Figure 1).

Table 1 Body weight of the mice at the time of the examination
IL-1R1-/-/- mice (g)

Wild type mice (g)
Not-infected

Infected

26.0±0.71

22.1±0.54b

Not-infected
23.4±0.51

Infected
23.1±0.34

Among the wild-type mice, the body weight of H pylori-infected mice (n = 4)
was lower than that of the uninfected mice (n = 5); on the other hand, among the
IL-1R1-/- mice, no significant difference in the body weight was noted between
the infected (n = 6) and uninfected (n = 6) mice. bP<0.001 vs the uninfected mice.

1.6

Control

b

H pylori
a,d

1.4
mU/mg protein
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1.2
1.0
0.8
0.6

a

0.4
0.2
0.0
Wild type

IL-1R1-/-

Figure 1 Myeloperoxidase (MPO) activity in the stomach. Both wild-type
(filled column: n = 4) and IL-1R1 -/- (spotted filled column: n = 6) mice with H pylori
infection showed increased MPO activity as compared with the uninfected
wild-type (clear column: n = 5) and IL-1R1 -/- (spotted clear column: n = 5).
a
P<0.05 vs the wild-type mice, bP<0.001, dP<0.01 vs the uninfected mice.
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In contrast to the effects of H pylori on the plasma ghrelin
dynamics, the ghrelin levels in the stomach, both total and
active, were significantly decreased in the H pylori-infected
IL-1R1-/- mice (P<0.05) (Figure 4A and B), indicating that
ghrelin is secreted into the blood from its stores in the stomach.
Preproghrelin mRNA expression, evaluated in comparison
with the expression of GAPDH mRNA, was not modified
by either H pylori infection or lack of the IL-1 signal, or
both (Figure 5). These results suggest that the stomach
ghrelin stores were not replenished after ghrelin secretion
into the blood.

Control
H pylori

8 000
6 000
fmol/mL

Among the WT mice, the H pylori-infected animals
showed no significant increase of the plasma total ghrelin
levels as compared to the uninfected and control mice. In
the case of the IL-1R1-/- mice, although simple lack of the
IL-1 signal did not affect the plasma total ghrelin dynamics,
H pylori infection of these mice was associated with a marked
increase of the plasma total ghrelin levels (P<0.05; compared
with the uninfected mice, P<0.001; compared with the
wild-type mice) (Figure 2).
The same tendency was shown for the plasma active
ghrelin dynamics. Among the WT mice, the H pylori-infected
mice showed a tendency towards increase in the plasma
active ghrelin levels as compared to the uninfected and
control mice, but the increase was not statistically significant.
On the other hand, in the IL-1R1-/- mice, while a simple
lack of the IL-1 signal did not affect the plasma active
ghrelin dynamics, H pylori infection of these animals was
associated with a marked increase of the plasma active
ghrelin levels (P<0.01; compared with the uninfected mice,
P<0.05; compared with the wild-type mice) (Figure 3).
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0

Control

Wild type

a,b
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H pylori
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H pylori

2 000
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1 500

fmol/mL

fmol/mL

IL-1R1-/-

1 000
500

a

1 000
500

0
Wild type

IL-1R1-/0

Figure 2 The total ghrelin leveThe levels in the plasma. Although neither
simple lack of the IL-1 signal (spotted clear column: n = 4) nor H pylori infection
alone (filled column: n = 4) was associated with any changes in the total plasma
ghrelin levels as compared with the levels in the uninfected wild-type mice
(clear column: n = 5), H pylori infection induced a marked increase of the total
plasma ghrelin levels in the IL-1R1-/- mice (spotted filled column: n = 6). aP<0.05
vs the uninfected mice. bP<0.001 vs the wild-type mice.

500

Control

400

H pylori

Wild type

Figure 4 The gastric (A: total, B: active) ghrelin levels. Although neither a
simple lack of the IL-1 signal (spotted clear column: (A) n = 5, (B) n = 5) nor H pylori
infection alone (filled column: (A) n = 5, (B) n = 5) was associated with any
changes in the gastric ghrelin levels as compared with the levels in the uninfected
wild-type mice (clear column: (A) n = 5, (B) n = 5), H pylori infection induced a
marked decrease of the a) total and b) active gastric ghrelin levels in the IL-1R1-/mice (spotted filled column: (A) n = 6, (B) n = 5). aP<0.05 vs the uninfected mice;
c
P<0.05 vs the wild-type mice.

200
100
0
Wild type

IL-1R1-/-

Figure 3 The active ghrelin levels in the plasma. Neither simple lack of the IL-1
signal (spotted clear column: n = 6) nor H pylori infection alone (filled column:
n = 3) was associated with any changes in the total plasma ghrelin levels as
compared with the levels in the uninfected wild-type mice (clear column: n = 5).
H pylori infection induced a marked increase of the plasma active ghrelin levels
in the IL-1R1-/- mice (spotted filled column: n = 6). aP<0.05 vs the wild-type mice;
b
P<0.01 vs the uninfected mice.

Control

Preproghrelin mRNA/
GAPDH mRNA

fmol/mL

a,b

300

IL-1R1-/-

0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

H pylori

Wild type

IL-1R1-/-

Figure 5 Preproghrelin mRNA levels in the gastric mucosa. No significant
differences were observed among the uninfected wild-type mice (clear column:
n = 5), uninfected IL-1R1-/- mice (spotted clear column: n = 6), H pylori-infected
wild-type mice (filled column: n = 5) and H pylori-infected IL-1R1-/- mice (spotted
filled column: n = 6).

4152

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

DISCUSSION
It is widely known that H pylori infection is associated with
loss of body weight. In the present study, although H pyloriinfected wild-type (WT) mice showed body weight loss, no
such weight loss was observed in IL-1R1-/- mice with H pylori
infection (Table 1). On the other hand, although an increase
in the level of gastric mucosal neutrophil accumulation was
noted in both WT and IL-1R1-/- mice with H pylori infection,
the neutrophil accumulation was significantly less marked
in H pylori-infected IL-1R1 -/- mice than in H pylori-infected
WT mice (Figure 1), indicating that the lack of the IL-1
signal could affect the regulatory mechanisms of both body
weight and gastric mucosal inflammation.
It has previously been reported that the administration
of lipopolysaccharide (LPS) is associated with a reduction
in the plasma levels of ghrelin[30, 31] and increase in the plasma
levels of IL-1β[31]. According to the study by Burgess et al.[32],
while intracerebroventricular administration of LPS greatly
reduced the food intake in WT mice, no such effect was
observed in mice deficient in the IL-1 β-converting enzyme.
In addition, as mentioned above, it has been reported that
injection of IL-1β was followed by a decrease in the gastric
preproghrelin mRNA expression[9]. These results suggest
that the anorexigenic effect of LPS may be mediated by
IL-1β and ghrelin, a downstream molecule in the cascade.
The production of IL-1β might be enhanced by LPS and
the release of ghrelin might be suppressed by IL-1 β.
We recently reported from a study in Mongolian gerbils,
that the plasma levels of ghrelin are enhanced for a restricted
period after H pylori inoculation[20]. In the present study,
while the plasma levels of ghrelin showed no significant
increase in the WT mice with H pylori infection, the levels
were significantly elevated in IL-1R1-/- mice with H pylori
infection (Figure 2, 3), indicating that IL-1 may suppress
ghrelin secretion, as mentioned above. As in Mongolian
gerbils, H pylori infection also stimulates ghrelin secretion in
mice, but the secretion is suppressed by IL-1 β, a mediator
whose production is also enhanced by H pylori infection.
Therefore, in IL-1-signal-deficient mice with H pylori
infection, ghrelin production and release into the blood occurs
unopposed by the inhibitory action of IL-1 on these
processes.
Contrary to the observations on the ghrelin dynamics,
the gastric expression of leptin mRNA, one of the important
anorexigenic peptides produced by adipocytes, is significantly
increased by H pylori infection[33] ; expression of this mRNA
is also significantly enhanced by IL-1 administration[12]. The
central pathway of appetite control by ghrelin is reported
to be mediated by neuropeptide Y (NPY)-expressing
neurons in the hypothalamus. Ghrelin increases the activity
of NPY-expressing neurons, and hence food intake[9,10]. The
same NPY-expressing neurons in the hypothalamus have
also been reported to be involved in the suppression of
appetite by leptin. Leptin decreases the mRNA expression
of NPY in the neurons of the hypothalamus[11], thereby
suppressing food intake and causing loss of body weight[3,11].
The effects of ghrelin and leptin are considered to be
competitively regulated by the hypothalamic NPY-expressing
neurons.
Thus, in the WT mice, H pylori infection stimulates both
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ghrelin secretion and IL-1β release, but excessive ghrelin
secretion is suppressed by IL-1β, whereas leptin secretion,
also stimulated by H pylori, is promoted by IL-1β. The
competitive actions of ghrelin and leptin in the hypothalamic
NPY-expressing neurons result in a decrease of the appetite
and body weight of WT mice with H pylori infection. On
the other hand, in the H pylori-infected IL-1R1-/- mice, the
inhibitory effect of the IL-1 signal on ghrelin secretion is
absent, and the enhanced ghrelin secretion combined with
the enhanced leptin secretion might result in a dominant
effect of ghrelin on the appetite control, and body weight
loss does not become manifest in these animals.
While the secretion of stored gastric ghrelin is affected
by H pylori, the gastric preproghrelin mRNA expression was
not significantly enhanced by H pylori infection in the present
study (Figure 5). While in Mongolian gerbils, H pylori
infection was associated with increased plasma ghrelin
levels and decreased gastric ghrelin and preproghrelin
mRNA expression[20], the infection in mice had no significant
effect on any of the above three parameters. According to
Asakawa et al. [9] , IL-1 administration reduced gastric
preproghrelin mRNA expression; this may be the reason
why the IL-1-receptor-knockout mice in the present study
did not show any changes of the gastric preproghrelin
mRNA expression. Thus, there may be species differences
in the hormone dynamics and their reactivity to stimulation,
such as in the event of H pylori infection.
In conclusion, ghrelin secretion triggered by H pylori
infection might be suppressed by IL-1β, resulting in body
weight loss of the infected mice.
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Abstract
AIM: To investigate the effects of leptin (1-20 µg/kg) on
acidified ethanol (AE)- and indomethacin (Indo)-induced
gastric lesions in rats and compare it with ranitidine, lansoprazole, and omeprazole and to determine its mechanisms
of actions.
METHODS: Gastric ulcers, which were approximately
1 mm in width, formed in the glandular portion of the gastric
mucosa produced by oral administration of either AE or
Indo were taken as ulcer index. The inhibitory effect of
subcutaneous administration of leptin, two proton pump
inhibitors (PPIs) lansoprazole and omeprazole, or H2-receptor
antagonist ranitidine 30 min before AE or Indo was evaluated.
A radioimmunoassay was used to determine the PGE2
concentration in the homogenate of the glandular portion
of the stomach. We performed histological study of the
glandular stomach for the evaluation of total, acidic, and
sulfated mucus content.
RESULTS: Subcutaneous administration of leptin, two PPIs
lansoprazole and omeprazole or H2-receptor antagonist
ranitidine 30 min before AE or Indo produced a dosedependent and reproducible inhibition of gastric ulcers
(GUs). This inhibition was found to be more potent than
other antagonists used. In NG-nitro L-arginine methyl ester
(L-NAME)-pretreated animals, the ulcer prevention ability
of leptin in AE-induced ulcer was significantly reduced,
compared to rats without L-NAME pretreatment. However,
the ulcer prevention ability of leptin was not altered by LNAME treatment in Indo-induced ulcers. Leptin produced
a dose-dependent increase in PGE2 level in the gastric
glandular tissues. Leptin also increased mucus secretion.
CONCLUSION: The results of the present study show
that leptin inhibits GU formation by AE or Indo in a dosedependent and reproducible manner in rats. The results

also suggest that leptin prevents ulcer formation by
increasing the activities of the cyclo-oxygenase and/or
nitric oxide pathways and by increasing mucus secretion.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Peptic ulcer is caused by a break in the mucosal integrity,
close to the acid-secreting areas of the gastrointestinal tract.
It is a disease that was characterized by remissions and
exacerbations before the era of gastric acid secretion modifying
drugs or Helicobacter pylori (H pylori). It is often located in the
stomach (gastric ulcer, GU), in the proximal duodenum
(duodenal ulcer), rarely in the esophagus, jejunum (distal to
a gastrojejunal anastomosis) or the Meckel’s diverticulum,
containing ectopic gastric mucosa. Development of a peptic
ulcer depends on the balance between the known aggressive
factors and mucosal defense mechanisms. Some of the
aggressive factors are gastric acid[1,2], bile salts, abnormal
motility[3], pepsin, use of nonsteroidal anti-inflammatory
drugs (NSAID)[4], infection with micro-organisms (H pylori,
herpes simplex and others). Mucus secretion, gastroduodenal
bicarbonate production[5], prostaglandin synthesis[6], cholecystokinin and somatostatin[7], cellular regeneration, and normal
tissue microcirculation protect against ulcer formation.
Leptin, a 167-amino acid peptide hormone, is secreted
by the adipocytes into the circulation, lowers the body weight
by decreasing appetite and increasing energy expenditure[8-10].
It has also been found to be present in the gastric mucosa[11],
and this has been thought to control food intake in man. Another
way of interpreting the presence of leptin in the gastric
mucosa is to invoke its ability to function as a mucosal defense
factor in the stomach. Indeed, a Polish group of workers
showed recently that leptin has a gastro-protective effect in
rats[12]. Much more recently, a Turkish group of workers
showed that leptin has a gastro-protective effect on mucosal
injury induced by ischemia reperfusion[13]. To date, there is
a dearth of information in the literature about the mechanism
by which leptin prevents ulcer formation in the stomach.
Thus, the primary aim of this project was to investigate the
effect of leptin on PGE2 synthesis on ulcer formation by
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indomethacin (Indo), a NSAID, or acidified ethanol (AE)
in rats. The second aim was to study the role of leptin in
relation to other established anti-ulcer agents, such as
ranitidine[14] and PPIs[15] on peptic ulcer prevention in rats.

omeprazole, or 10 µg/kg of leptin was administered 30 min
before the animals received Indo orally. The rest of the
experiment and determination of the ulcer index were
performed as described earlier.

MA
TERIALS AND METHODS
MATERIALS
The following drugs and chemicals were used for the
experiments: absolute alcohol (BDH, Poole, UK), hydrochloric
acid (BDH), lansoprazole (Sigma, St. Louis, MO, USA),
omeprazole (Astra, Uppsala, Sweden), Indo (Sigma, UK),
L-NAME (Sigma, UK) and high sensitivity prostaglandin
E2 Chemiluminescence Enzyme Immunoassay Kit (Assay
Designs Inc., MI, USA). Leptin was a generous gift from
Amgen Inc., USA. All solutions were freshly prepared and
diluted in normal saline.

Acidified ethanol-induced ulceration and effect of leptin
treatment
AE was administered orally to induce GUs in rats. We
used 60% ethanol in 150 mmol/L HCl as an ulcerogenic
agent, based on earlier observation that ethanol 50% and
above caused a reproducible model of gastric damage[16,17].
Gastric lesions were formed 1 h after administering AE.
The rats were divided into different groups of six animals
each and each group received either saline (1 mL/kg) or
leptin (1-20 µg/kg), subcutaneously. Thirty minutes later,
AE was given orally to each animal at a dose of 1 mL per
rat and the animals were killed 1 h later by cervical dislocation
and exsanguinations. The ulcer index was determined as
described above.

Experimental protocols
Wistar rats weighing 200-250 g were fasted for 18 h in wire
mesh cages to avoid coprophagy. The animals were deprived
of food but had free access to water ad libitum. The temperature
of the animal room was maintained at 22±2
and a 1212 h dark-light cycle was maintained. All animals used for the
study had an ethical clearance from the Animal Users’ Committee
of the Faculty of Medicine, United Arab Emirates University.
Indomethacin-induced ulceration and effect of leptin treatment
Indo (30 mg/kg) was administered orally to induce GUs in
18-h fasted Wistar rats. Gastric lesions were formed 6 h
after Indo administration. The rats were divided into different
groups of six animals each and Indo was given to each
animal 30 min after administering leptin (1-50 µg/kg,
subcutaneously) or normal saline (1 mL/kg, subcutaneously),
and the animals were killed 6 h later by cervical dislocation
and exsanguinations. The abdomen was incised, the stomach
removed and cut open along the greater curvature and rinsed
with water to remove any adherent food particles and mucus.
The opened stomach was spread on a sheet of cork so as
to have a clear macroscopic view of the gastric mucosa.
The total lengths of the hemorrhagic lesions, which were
approximately 1 mm in width formed in the glandular
portion of the gastric mucosa, were taken as ulcer index. An
observer unaware of the drug treatments confirmed the ulcer
index. The percentage reduction of the ulcer index in the drugtreated groups was calculated from the saline-treated groups.
Indomethacin-induced ulceration: comparison of leptin with
ranitidine
The ability of different doses of leptin (1-50 µg/kg) and a
fixed dose of ranitidine (50 mg/kg), all administered subcutaneously, to prevent the formation of Indo-induced GU
was studied. The rats were killed 6 h after administering
Indo by cervical dislocation and exsanguinations. The
abdomen was incised and the stomach removed and the
ulcer index was determined as described above. The reduction
of the ulcer in the drug-treated groups was calculated as a
percentage of the ulcer index in the saline-treated group.
Indomethacin-induced ulceration: comparison of leptin with
two proton pump inhibitors
In another experiment, 10 mg/kg each of lansoprazole and

Leptin ulcer prevention ability in indomethacin pre-treated rats
In order to study the influence of prostaglandin on the
cytoprotective activity of leptin, Indo was administered at
a dose of 10 mg/kg subcutaneously (a dose, which inhibits
prostaglandin synthesis, but does not induce gastric
ulceration) to one group of animals followed by subcutaneous
administration of leptin (10 µg/kg), 30 min later. AE was
given to each animal 30 min after drug administration and the
animals were killed 1 h later. The stomachs were subseq-uently
removed to measure the ulcer index as described earlier.
Leptin ulcer prevention ability in L-NAME pre-treated rats
In another group of animals, N G-nitro L-arginine methyl
ester (L-NAME, 25 mg/kg), an inhibitor of nitric oxide
synthase activity, was administered subcutaneously 15 min
before giving leptin (10 µg/kg, subcutaneously). AE was
given orally 30 min later and the animals were killed 1 h
after ethanol administration to determine the ulcer index.
In another group of L-NAME-pretreated animals, Indo
was given orally instead of AE to induce ulcers, and the
animals were killed 6 h later to determine the ulcer index.
Effect of leptin on prostaglandin E2 (PGE2) levels in the gastric
mucosa
The glandular portion of the control and leptin-treated rat
stomachs were homogenized in 1.5 mL of Tris buffer
(50 mmol/L; pH 7.5) containing 10 µg/mL Indo to prevent
further cyclo-oxygenase activity at 0 . The tissue homogenate
was acidified by addition of 2 mmol/L HCl to a pH of 3.5,
and allowed to settle at 4 for 15 min before centrifuging
the samples in a microcentrifuge at 1 000 r/min for 5 min
to remove the tissue debris. The supernatant was harvested
until assayed, usually within 24 h. A
and stored at -20
radioimmunoassay was used to determine the PGE 2
concentration in the supernatant according to the instructions
of the manufacturer (Assay Designs Inc., MI, USA). The
assay is based on the competitive binding technique by which
PGE2 present in a sample competes with a fixed amount
of alkaline phosphatase-labeled PGE2 for sites on a mouse
mAb. During incubation, the mouse mAb is bound to the
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goat anti-mouse antibody coated onto the microtiter well
plate. Following a wash to remove excess conjugate and
unbound sample, a substrate solution is added to the wells
to determine the bound enzyme activity. Immediately
following the color development, the luminescence is read
in a luminometer. The intensity of the color is inversely
proportional to the concentration of PGE2 in the sample.
A standard curve was constructed from a series of known
concentrations of PGE 2 solution provided by the kit
manufacturer, and the PGE2 concentrations of the unknown
samples were determined by interpolation.
Determination of mucus in glandular mucosa
We performed histological study of the glandular stomach
for the evaluation of total, acidic, and sulfated mucus
content. Cross-sectional areas of the portion of the gland
stained red by periodic acid Schiff (PAS) were measured to
give the total glycoprotein present in the gastric pits. The
Alcian Blue (AB) method at pH 1 was used to measure the
sulfated macromolecular content in the gastric pits, whereas
at pH 2.5 were used to measure the total acidic mucus
content.
The glandular portion of the stomach was fixed in
Zamboni fixative overnight. Smaller pieces cut from the
glandular portion was dehydrated with ethanol and
embedded in paraffin. Two series of sections (6 µmol/L thick)
were made by cutting the block in a plane perpendicular to
the mucosal surface. Sections, after being deparaffinized
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Figure 2 A: The ulcer indices of saline and different concentrations of leptin (150 µg/kg) against Indo. Each value is a mean±SE. Asterisks indicate significant
difference when compared to saline control ( aP<0.05, bP<0.01); B: The degree
of prevention of Indo-induced ulcerations after treatment with different doses of

Number 27

RESUL
TS
RESULTS
Indo caused a marked ulceration of the stomach in those
rats given normal saline (Figures 1A-D). Figure shows
hemorrhagic lesions on the glandular area of the rat stomach
caused by AE (A) and Indo (C) in the absence (A and C)
and presence (B and D) of 10 µg/kg leptin. A significant
inhibition of the hemorrhagic lesions due to the leptin
treatment was evident. When the animals were treated with
leptin (1-50 µg/kg), there was a dose-dependent increase
of the ulcer prevention ability of leptin, against Indo and
formed a plateau at a dose of 20 µg/kg leptin. The ulcer
index at each of the leptin concentrations from 5-50 µg/kg
was significantly less (P<0.05) than the ulcer index in normal
saline-treated rats (Figure 2A).
Figure 2B reveals the degree of preventing Indo-induced
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of 10 µg/kg dose of leptin (B and D). These photographs are typical of six such
tissues.
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Statistical analysis
All results were expressed as mean±SE. Ulcer index obtained
for test drugs and saline controls were compared using oneway ANOVA. A two-tailed P value <0.05 was considered
significant.

C

Figure 1 Photomicrograph of macroscopic appearance of the glandular mucosa,
showing the effect of AE (A) and Indo (C) in the absence (A and C) and presence

A
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and hydrated to distilled water and placed in acetic acid
solution, were stained with PAS and/or AB (pH 2.5 and 1).
They were serially dehydrated in 95% ethyl alcohol, absolute
alcohol, and xylene and mounted in resinous medium. The
sections were evaluated in a randomized blinded fashion by
a histologist who was unaware of the experimental protocol.
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ranitidine (50 mg/kg). Each value is a mean±SE. Asterisks indicate significant
difference (dP<0.001) when compared to saline control.
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Figure 4 The ulcer prevention ability of leptin (10 µg/kg), when Indo was used
to induce ulcer in L-NAME-pretreated animals. Each value is a mean±SE.
Asterisks indicate significant difference, bP<0.001 vs controls.

Saline treated

100
90
80
70
60
50
40
30
20
10
0

Indomethacin pretreated
L-NAME pretreated

d
b

b
Acidified Ethanol

Ulcer index

b

Leptin+Acidified Ethanol

a
Figure 5 The ulcer prevention ability of leptin (10 µg/kg), in AE-induced ulcer
after Indo or L-NAME pretreatment. Each value is a mean±SE. Asterisks indicate
significant difference, bP<0.001 vs controls. dP<0.001 shows the significant
difference in the effect of leptin on saline-treated and L-NAME-pretreated rats.
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Figure 3 The effect of increasing doses of leptin (1-10 µg/kg), lansoprazole
(1-10 mg/kg), and omeprazole (0.5-10 mg/kg) on AE-induced ulceration in rats.
Each value is a mean±SE. Asterisks indicate significant difference, aP<0.05,
b
P<0.001 vs controls.

Leptin (10 µg/kg) produced a significant (P<0.001)
inhibition of Indo-induced ulcers in L-NAME-pretreated
animals, which was not statistically significantly different
from the ulcer index for leptin in animals without L-NAME
pretreatment (Figure 4).
Leptin caused a profound ulcer inhibition, which was
significantly greater (P<0.001) for 10 µg/kg of leptin than
saline-treated controls when AE was used to induce gastric
ulceration in Indo-pretreated animals (Figure 5). When ulcer
induction was performed with AE in L-NAME-pretreated
rats, there was a significantly greater degree (P<0.001) of
GU inhibition by leptin than saline-treated controls (Figure 5).
However, the inhibition by leptin of AE-induced ulcer
formation was significantly less (P<0.001) in the presence
of L-NAME than in its absence (Figure 5). Injection of
increasing doses of leptin to the animals before AE led to
increasing degrees of peptic ulcer prevention and higher
tissue concentrations of PGE2 (Figure 6). Leptin increased

Percentage of ulcer
index and bound PGE2
(pico g/g wet wt of tissue) level
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40
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60

Ulcer index

ulcerations when the animals were treated with lansoprazole
and omeprazole, each used at a dose of 1, 2, 5, and 10 mg/kg.
There was a profound inhibition of ulcer formation at
10 mg/kg of both lansoprazole and omeprazole. The
difference between the drug-treated group (lansoprazole or
omeprazole at 2-10 mg/kg) and the saline-treated group
was significant (P<0.001); with lansoprazole showing a slightly
more powerful inhibition than omeprazole but the difference
between them was not statistically significant. The leptin
ulcer inhibition at 10 µg/kg dosage was significantly less
(P<0.001) than that achieved with lansoprazole or
omeprazole, each administered at 10 mg/kg (1 000 times
the dose of leptin used; Figure 2B). When the rats were
treated with 50 mg/kg of ranitidine (5 000 times the dose
of leptin), the ulcer prevention activity was significantly
higher (P<0.001) than that achieved with 10 µg/kg leptin
(Figure 2B).
When the animals were treated with increasing doses of
leptin (1-10 µg/kg), lansoprazole (1-20 mg/kg) and
omeprazole (0.5-10 mg/kg) 30 min before they received
AE, there was a dose-dependent inhibition of ulcer formation
by leptin and each of the PPIs (Figure 3).
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Figure 6 The effect of increasing doses of leptin (1-10 µg/kg) on AE-induced
ulcer and prostaglandin E2 levels in the gastric glandular mucosa in rats. Each
value is a mean±SE. b P<0.01, dP<0.001 indicate significant difference in
percentage ulcer index compared to AE-treated rats taken as 100%. fP<0.01
shows the significant difference in the level of prostaglandin E2 compared to AEtreated rats taken as 100%.

mucus secretion (Figures 7D, F) and prevented injury to the
epithelial layer (Figures 7A-C) thus showing the involvement
of mucus as the mechanism of gastroprotection.

DISCUSSION
Leptin is a peptide that is produced by the adipocytes and it
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Figure 7 Gastric mucosal layer of rats stained with PAS showing (A) normal
epithelium from control rats; (B) damaged epithelium ( ) and (C) repaired
epithelium after leptin treatment. Lower panel shows the AB (pH 1.0) staining

showing mucus in (D) normal epithelium; (E) loss of epithelial mucus due to
AE ( ) and (F) presence of epithelial mucus after leptin treatment (bar = 6 µm;
magnification 40×).x

regulates the function of the satiety center in the hypothalamus[8]. Although it has also been found in the stomach[11]
its function in the stomach is not clear. In this study, we
investigated the property of leptin as an ulcer-preventing
agent in an experimental animal model. Our results showed
that exogenous leptin demonstrated profound ulcer
prevention ability in rats when their gastric mucosa was
exposed to ulcer-inducing agents, such as Indo and AE.
Exogenous administration of leptin increased the leptin levels
in the blood plasma, fundus, and antrum of the stomach[18,19].
The basal leptin concentration did not prevent by itself the
ulcerogenic effect of Indo or AE. However, exogenously
administered leptin prevented this effect indicating a
pharmacological action of leptin.
Indo is a well-known ulcerogenic agent. In this study,
Indo produced hemorrhagic lesions in the gastric mucosa
6 h after its ingestion, which is in accord with previous
reports[20-23]. In Indo-induced ulceration, the ulcer prevention
ability of leptin was dose-dependent, reaching a maximum
at 10 µg/kg. No further increase was observed when the
leptin dose was doubled. Indeed, its ulcer prevention ability
was reduced at a higher leptin dose of 50 µg/kg. This
phenomenon may be explained by an increase in gastric
acid secretion that was observed in this study (unpublished
data). At this dosage, the leptin ulcer prevention ability was
significantly less (P<0.05) than that achieved with ranitidine,
which was used at 50 mg/kg, 5 000 times the dose of
leptin. However, the ulcer prevention ability of leptin at
10 µg/kg compares well with that of omeprazole or
lansoprazole, each used at 10 mg/kg, 1 000 times the dose
at which leptin was employed.
AE, a well-known ulcerogenic agent, was used in the
study to produce gastric mucosal damage by causing areas

of focal hyperemia and hemorrhage [22,24,25]. Moreover,
intragastric ethanol increases vascular permeability and
vascular damage in capillaries near the luminal surface and
not in the deeper muscularis mucosa that might indicate a
role for impaired blood flow in the production of AEinduced gastric lesions. Leptin demonstrated a profound
ulcer prevention ability, which compared well with that of
each of the PPIs, lansoprazole and omeprazole, when AE
was employed as an ulcerogenic agent. This is in line with
previous reports[12] that leptin has gastro-protective effect
on the gastric mucosal injury induced by topical application
of 75% ethanol.
It was interesting to note that the leptin ulcer prevention
ability was slightly greater in AE- than in Indo-induced
ulceration, although it did not reach statistical level of
significance. This may be due to the fact that the AE-induced
ulcers are formed superficially at the epithelial layer unlike
that induced by Indo, which affects the deeper layer, the
submucosa. This profound effect of inhibiting AE-induced
ulcer formation by leptin was maintained, even when the
animals were pretreated with low dose of Indo. However,
a competition in the production of gastric mucosal PGE2
between Indo (inhibition) and leptin (stimulation) cannot be
ruled out. In AE-induced ulceration, evaluation of the effect
of leptin on gastric tissue prostaglandin synthesis revealed
a dose-dependent increase of gastric mucosal PGE 2
concentration[26]. This finding suggests that leptin might act
in part via the cyclo-oxygenase pathway in preventing ulcer
formation. Furthermore our findings that leptin stimulated
mucus secretion support the notion that this peptide acted
by stimulating PGE 2 production. It has been reported
previously that PGE2 stimulates mucus secretion[26-28]. In
contrast to our results Brzozowski et al.[12], reported that
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prostaglandins are not involved in the gastro-protective effect
of leptin. The contradictory finding observed in our present
results could be due to methodological differences in inducing
ulcer.
The influence of leptin-induced histamine release, which
has a protective effect on the gastric mucosa, was reported
by several workers[13,29]. Morimoto et al.[29], have reported
that histamine release in the hypothalamus was significantly
increased by leptin administration. Erkasap et al.[13], have
reported that leptin exerts a cytoprotective effect by increasing
gastric tissue histamine content which in turn maintain the
gastric mucosal blood flow, thereby suggesting that histamine
is involved in the prevention of ischemia reperfusioninduced gastric mucosal injury. Goiot et al.[30], reported that
the co-existence of leptin and STAT-3 proteins in antral
cells provide evidence for the involvement of leptin in the
control of gastric secretions. Konturek et al.[31], have investigated
the effect of leptin on gastric acid secretion using H pyloripositive and -negative patients and reported that gastric mealand CCK-induced leptin is capable of inhibiting basal and
meal stimulated gastric H+ secretion in H pylori-positive
patients. But in H pylori-negative patients the release of leptin
was reduced in response to CCK and meal. We have shown
that subcutaneous administration of low doses of leptin
(1-50 µg/kg) potentiates the gastric acid stimulating effect
of dimaprit, an H 2 receptor agonist, and pentagastrin, a
gastrin receptor agonist, in anaesthetized rats (results not
shown). The variation in our results and those of others
may be due to the methodological approach towards the
evaluation of leptin effect. Taken together our data and
those of Azuma et al.[32], Morimoto et al. [29], Erkasap et
al. [13], and Konturek et al.[19], suggested that, in addition to
the local effect of leptin, a generalized effect of leptin could
not be ruled out.
Pretreatment of the animals with L-NAME (25 mg/kg,
subcutaneously), an inhibitor of the nitric oxide synthase,
before AE-induced gastric ulcerations, reduced the peptic
ulcer prevention ability of leptin (10 µg/kg) significantly.
However, it did not blot it out completely. This finding
suggests that the peptic ulcer prevention ability of leptin
does not depend solely on the nitric oxide pathway. This
again is in line with the observation of Brzozowski et al.[12],
that L-NAME reduced the ulcer-preventing ability of leptin
against AE. Brzozowski et al.[33], have also investigated the
effect of centrally and intraperitoneally administered leptin
and reported that its gastro-protective action, accompanied
by increased gastric blood flow and increased plasma gastrin
levels, depends on vagal activity and involves hyperemia
mediated by NO.
Our results may have consequences for the clinical
practice. Based on our data, one would want to recommend
the use of leptin subcutaneously in a pilot study in humans,
in order to assess its efficacy as an ulcer prevention drug in
patients in the intensive care unit, who are prone to develop
stress ulcers[34] during the course of their treatment. Another
potential area for its use is among patients with active
rheumatoid arthritis[35] who need to use NSAID for their
inflammatory joint disease. This is mainly because the
existing epidemiological data support a causal relationship
between NSAID use and the development of clinically
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important ulcer disease or its complications, including upper
GI bleeding.
In conclusion, we have shown that leptin, at low doses
(1-10 µg/kg), has ulcer prevention ability, which is comparable
to that of ranitidine, an H2-receptor antagonist or omeprazole
and lansoprazole. The ulcer prevention ability of leptin varies
according to the ulcerogenic agent used. It is more effective
in inhibiting AE-induced than Indo-induced ulcers. The ulcer
prevention ability of leptin in AE-induced ulcer involves
the cyclooxygenase and the nitric oxide pathways, whereas
it acts only via the cyclooxygenase pathway in preventing
Indo-induced ulcers.
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Abstract
AIM: To investigate the ability of a genetically altered
embryonic stem (ES) cell line to generate insulin-producing
cells in vitro following transfer of the Nkx2.2 gene.
METHODS: Hamster Nkx2.2 genes were transferred into
mouse ES cells. Parental and Nkx2.2-transfected ES cells
were initiated toward differentiation in embryoid body (EB)
culture for 5 d and the resulting EBs were transferred to
an attached culture system. Dithizone (DTZ), a zincchelating agent known to selectively stain pancreatic
beta cells, was used to detect insulin-producing cells.
The outgrowths were incubated in DTZ solution (final
concentration, 100 µg/mL) for 15 min before being
examined microscopically. Gene expression of the
endocrine pancreatic markers was also analyzed by
RT-PCR. In addition, insulin production was determined
immunohistochemically and its secretion was examined
using an ELISA.
RESULTS: DTZ-stained cellular clusters appeared after
approximately 14 d in the culture of Nkx2.2-transfected
ES cells (Nkx-ES cells), which was as much as 2 wk
earlier, than those in the culture of parental ES cells
(wt-ES). The frequency of DTZ-positive cells among total
cultured cells on day 28 accounted for approximately
1.0% and 0.1% of the Nkx-ES- and wt-ES-derived EB
outgrowths, respectively. The DTZ-positive cellular clusters
were found to be immunoreactive to insulin, while the
gene expressions of pancreatic-duodenal homeobox 1
(PDX1), proinsulin 1 and proinsulin 2 were observed in
the cultures that contained DTZ-positive cellular clusters.
Insulin secretion was also confirmed by ELISA, whereas
glucose-dependent secretion was not demonstrated.
CONCLUSION: Nkx2.2-transfected ES cells showed an

ability to differentiate into insulin-producing cells.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
It has been proposed that approximately 150 million
people worldwide have diabetes mellitus, which may double
by 2025, and 5-10% of those suffer from type 1 diabetes,
for which injections of insulin are unavoidable.
Transplantation of pancreatic islets for type 1 diabetes is a
promising therapeutic strategy[1], however, an inadequate
supply of donor islets is a major obstacle. Thus, embryonic
stem (ES) cells are being considered as a potential source
for generating insulin-producing cells. ES cells come from
clonal cell lines derived from the inner cell mass of
developing blastocysts[2,3], and are able to proliferate in vitro
and have shown a capacity to differentiate into a broad
spectrum of derivatives of all three embryonic germ layers
including hematopoietic cells, cardiomyocytes, smooth
muscle cells, neurons, hepatocytes, and insulin-producing
cells [4-10] . We recently reported the appearance of the
islet-like cellular clusters containing insulin-producing cells
in embryoid body (EB) outgrowth cultures with the use of
a zinc-chelating substance, dithizone (DTZ)[11]. However,
the development of islet-like cellular clusters was found in
only a small portion of the EB outgrowths and required
long-term cultures of more than 3 wk.
Nkx2.2 and Nkx6.1 are NK-homeodomain genes
expressed in early pancreatic progenitor cells as well as
neurogenin-3 (Ngn3)-expressing islet precursor cells, and
are considered to be β-cell competence factors[12-14]. Nkx2.2
mutants completely lack insulin expression[14], while Nkx6.1
mutants show a less dramatic impaired differentiation of
β-cells[15]. Further, Nkx2.2 expression lasts for a longer
period of time in differentiated islet cells. These findings
suggest that Nkx2.2 is a critical transcription factor in early
pancreatic endocrine development and the following
differentiation into pancreatic β-cells.
In the present study, we generated Nkx2.2-expressing
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cell lines by transfection of the Nkx2.2 gene into undifferentiated ES cells, and investigated their ability to differentiate
into insulin-producing cells in EB outgrowth cultures. We
found that insulin-producing cells appeared as much as
2 wk earlier in the EB outgrowths derived from Nkx2.2transfected ES (Nkx-ES) cells than in those from parental
ES (wt-ES) cells. Further, the frequency of insulin-producing
cells on culture d 28 was approximately 1% in the Nkx-ESderived EB outgrowths, a 10-fold greater efficiency as
compared to that on the wt-ES-derived EB outgrowths.
These results suggest that Nkx2.2 acts to promote the
differentiation of ES cells into insulin-producing cells.

MA
TERIALS AND METHODS
MATERIALS
Murine ES cell lines
We utilized a mouse ES cell line, EB3 (129/SvJ mouse ES
cells, a kind gift from Dr. Hitoshi Niwa, RIKEN Center
for Developmental Biology, Kobe, Japan)[15], which was a
subline derived from E14tg2a ES cells[16] and carried the
blasticidin S-resistant selection marker gene driven by the
Oct-3/4 promoter (active under undifferentiated status)[17].
Undifferentiated EB3 cells were maintained on gelatincoated dishes without feeder cells in the maintenance
medium, which was knockout-DMEM medium (GibcoBRL) supplemented with 10% fetal bovine serum (FBS;
GIBCO/BRL), 0.1 mmol/L of 2-mercaptoethanol (Sigma),
10 mmol/L of non-essential amino acids (GIBCO/BRL),
L-glutamine, and 1 000 U/mL of leukemia inhibitory factor
(LIF; GIBCO/BRL).
Generation of Nkx2.2-expressing ES (Nkx-ES) cells
The hamster Nkx2.2 gene was obtained from the plasmid
pBAT12.shNkx2.2 (kindly provided by Dr. M. German,
University of California, San Francisco). The cDNA was
inserted into the BstXI-stuffer site of the expression vector
pPyCAGIRESzeocinpA [18]. The constructed plasmid
pPyCAGIRESzeocinpA-Nkx2.2 contained the zeocin
resistance gene driven by the chicken β-actin promoter.
The Nkx2.2 vector (20 µg) was transfected using a
lipofection method with lipofectAmine (GIBCO/BRL).
Transfected ES cells were selected by growth in the presence
of 20 µg/mL of zeocin, and three clones expressing
Nkx2.2 (Nkx-ES) were established. Undifferentiated
Nkx-ES cells were maintained in the same manner as
undifferentiated wt-ES cells.
EB outgrowths with non-selective differentiation
The method used for the EB outgrowths has been previously
described [11] . Briefly, undifferentiated ES cells were
dissociated into single-cell suspensions and then cultured in
hanging drops to induce embryoid body (EB) formation at
an initial cell density of 500 cells per drop (20 µL) of ES
cell-medium in the absence of LIF. After 5 d in a hanging
drop culture, the resulting EBs were plated in plastic 30-mm
gelatin-coated dishes (five EBs per dish), and then allowed
to attach and form outgrowth cultures. A half amount of
culture medium was replenished with new medium every
2 d. The culture medium used was the maintenance medium
lacking LIF and known differentiation-inducing factors.
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Throughout the whole culture, no growth factors or
cytokines including insulin were added to the culture
medium.
Dithizone (DTZ)-staining
A DTZ (Merck, Whitehouse Station, NJ, USA) stock
solution was prepared with 50 mg of DTZ in 5 mL of
dimethylsulfoxide (DMSO) and stored briefly at -15 .
The staining solution was filtered through a 0.2 µm nylon
filter and then used as a DTZ working solution. In vitro
DTZ staining was performed by adding 10 µL of the stock
solution to 1 mL of culture medium, then the culture dishes
for 15 min in the DTZ solution.
were incubated at 37
After the dishes were rinsed thrice with HBSS, clusters
stained crimson red were examined using a stereomicroscope.
After examination, the dishes were refilled with DMEM
containing 10% FBS. Although the stain completely
disappeared from the cells after 5 h, the cultures that had
not been treated with DTZ were used for RT-PCR and
insulin secretion studies to avoid the influence of the
treatment. In some experiments, the number of DTZ-stained
cells in the cultures was determined by counting crimson
red cells after trypsinization following DTZ stain.
RT-PCR
Total RNA was extracted from the cells using TRIzol
(GIBCO/BRL). DNase-treated total RNA was used for
the first-strand cDNA. This reaction was performed using
M-MLV Reverse Transcriptase (Promega) and Random
Primer (Takara Bio Inc.), following the protocols of the
manufacturers. cDNA samples were subjected to PCR
amplification with specific primers under linear conditions
in order to reflect the original amount of the specific
transcript. The cycling parameters were as follows:
for 1 min, annealing at 52-60
for
denaturation at 94
for
1 min (depending on the primer), elongation at 72
1 min (35 cycles), and a final extension for 20 min at 72 .
The PCR primers and the lengths of the amplified products
were as follows: β-actin (TGAACTGGCTGACTGCTGTG
and CATCCTTGGCCTCAGCATAG, 174 bp); pro-insulin
1 (GTTGGTGCACTTCCTACCCCTG and GTAGAGGGAGCAGATGCTGGTG, 300 bp); pro-insulin 2 (GTGGATGCGCTTCCTGCCCCTG and GTAGAGGGAGCAGATGCTGGTG, 300 bp); PDX1 (GGCCACACAGCTCTACAAGG and TTCCACTTCATGCGACGGTT,
582 bp); and mouse-nkx2.2 (TGACCAACACAAAGACGGGGT and GCACGTTTCATCTTGTAGCGA,
650 bp). A set of mouse-nkx2.2 primers was used for the
detection of hamster Nkx2.2.
Immunocytochemistry
Cells in culture dishes were fixed with 4% paraformaldehyde
in phosphate-buffered solution and immunocytochemistry
was carried out using a standard protocol. As the primary
antibody for Nkx2.2, mouse anti-chick Nkx2.2 mAb
(Hybridoma Bank, University of Iowa) was used at a
dilution of 1:40. For detection of the primary antibody, a
biotinylated anti-mouse antibody, ABC kit (VECTASTAIN
Elite ABC KIT), and DAB (Dojindo; Kumamoto, Japan)
were utilized according to the manufacturers’ instructions.
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For detection of the primary antibody, a fluorescent labeled
secondary antibody, goat anti-guinea pig IgG conjugated
with fluorescein-5-isothiocyanate (Cappel 57000, ICN
Pharmaceuticals, Inc., OH, USA), was utilized according to
the manufacturer’s instructions. All nuclei were stained with
DAPI (Dojindo; Kumamoto, Japan).
Insulin detection assay
Cells in the culture dishes were washed thrice with PBS and
pre-incubated in Krebs Ringer bicarbonate buffer (KRBB)
containing 2.8 mmol/L of glucose for 1 h, then placed in
1 000 µL of KRBB with 2.8 mmol/L of glucose for 2 h.
Next, the supernatant was collected and the dishes were
rinsed thrice with PBS, after which the cells were re-incubated
with KRBB containing 25.5 mmol/L of glucose for 2 h.
Subsequently, conditioned medium samples were collected,
and insulin levels were measured using an enzyme
immunoassay (Mouse Insulin ELISA TMB Kit AKRIN011T, Shibayagi Co., Ltd. Gunma, Japan) that detects mouse
insulin in a range between 156 and 10 000 pg/mL with no
cross-reactivity to C-peptide.

RESUL
TS
RESULTS
Establishment of Nkx2.2-expressing ES cell lines
ES cells were transfected with the Nkx2.2 expression
vector and selected with zeocin. Three stable clones at a
time were obtained and screened for Nkx2.2 expression
by RT-PCR and three clones with a high expression of
Nkx2.2 were finally selected (Figure 1A). Subsequently,
immunocytochemistry showed that all three clones
expressed Nkx2.2 protein (Figure 1B). Each Nkx-ES clone
demonstrated similar results in the following experiments,
thus representative results from only clone 3 are shown.

A
wt

-ES

e3
e2
e1
lon
lon
lon
c
c
c
S
S
S
x-E
x-E
x-E
Nk
Nk
Nk

β-actin
Nkx2.2

B
wt-ES

Nkx-ES (clone 3)

Figure 1 Expression of Nkx2.2 in parental (wt-ES cells) and Nkx2.2-transfected
ES cells (Nkx-ES cells). A: Nkx-ES cells, but not wt-ES cells, expressed Nkx2.2
mRNA; B: Nkx2.2 protein was mainly observed in the nuclei of Nkx-ES cells.
Original magnification, ×200.
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Early appearance of DTZ-stained cells in EB outgrowths
DTZ, a zinc-chelating agent, is known to selectively stain
pancreatic β-cells crimson red [19-21] and we previously
demonstrated that DTZ stain could also be applied for the
detection of ES-derived insulin-producing cells. Figure 2
shows the outline of the EB outgrowth culture and results
of DTZ-staining. DTZ-positive cellular clusters appeared
as much as 2 wk earlier in the EB outgrowths derived
from Nkx-ES cells. On d 14, DTZ-positive cells were
already present in the EB outgrowths derived from Nkx-ES
cells (Figure 2D), whereas they were absent in those from
wt-ES cells (Figure 2A). On d 21, distinct DTZ-positive
cellular clusters were observed in the Nkx-ES-derived
EB outgrowths (Figure 2E), while they were obscure in
the differentiating wt-ES cultures (Figure 2B). In the wtES-derived EB outgrowths, DTZ-positive cellular clusters
became distinct on d 28 (Figure 2C). The appearance of
DTZ-positive clusters on d 28 in Nkx-ES-derived EB outgrowths
was quite similar to that seen on d 21 (Figures 2E and F).
DTZ-stained clusters that appeared in Nkx-ES-derived
EB outgrowths were frequently larger than those in wt-ESderived EB outgrowths. To estimate the frequency of the
emerged DTZ-stained cells in the cultures, the number of
DTZ-stained red cells was directly counted under a
microscope after trypsinization following the treatment with
DTZ. The percentages of DTZ-stained cells among total
cells on day 28 were 1.0±0.2% of the Nkx-ES-derivatives
and less than 0.1% of the wt-ES-derivatives.
Gene expression and immunohistochemistry of differentiating
EB outgrowths
Pdx 1, a key transcriptional factor of pancreatic differentiation,
was faintly detected in Nkx-ES cells and completely absent
in wt-ES cells on d 0. Thereafter, Pdx 1 was expressed in all
EB outgrowths on d 14, 21, and 28 as well as in isolated
mouse islets. In contrast, Nkx2.2 was not detected on d 14,
faintly detected on d 21, and clearly detected on d 28 in
the differentiating wt-ES cells. In addition, pro-insulin 1
and 2 were detected on d 14 in the Nkx-ES-derived EB
outgrowths, though not until d 28 in the wt-ES-derived EB
outgrowths. To confirm the expression of insulin protein,
we performed an immunohistochemistry examination in
parallel with the DTZ-stain examination (Figure 3B).
Immunoreactivity against insulin was found to coincide with
the DTZ-stained culture areas within the EB outgrowths.
In Nkx-ES-derived EB outgrowths, insulin-immunoreactivity
was detected as early as on d 14, whereas it did not become
positive until d 28 in the wt-ES-derived EB outgrowths.
No immunoreactivity was found on d 14 or 21 in the wtES-derived EB outgrowths.
Insulin secretion
EB outgrowths on d 28 were used for the detection of
released insulin. Insulin concentrations in culture media
of wt-ES-derived EB outgrowths incubated with 2.8 and
25 mmol/L of glucose were 163±38 and 191±31 pg/mL,
respectively, while those in media of Nkx-ES-derived
EB outgrowths were 525±132 and 660±171 pg/mL with
25.5 mmol/L of glucose, respectively. Glucose-dependent
insulin secretion was not observed in wt-ES- or Nkx-ES-
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Figure 2 A-F: Early appearance of insulin-producing cells in EB outgrowths.
An outline of the culture processes and results of DTZ-staining are shown. Scale
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Figure 3 Gene expression and immunohistochemistry findings for differentiating
EB outgrowths. A: The expression of Pdx 1, Nkx2.2, pro-insulin 1 and proinsulin 2 was examined in differentiating wt-ES cells and Nkx-ES cells; B:

Insulin-immunoreactivity was examined in the EB outgrowths with DTZ-staining.
Scale bars represent 100 µm in length.
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derived EB outgrowth cultures, whereas secreted insulin
was detected in the Nkx-ES-derived EB outgrowth cultures,
in amounts several times greater than in the wt-ES-derived
EB outgrowth cultures.

DISCUSSION
The homeodomain transcription factor Nkx2.2 is one of
the key transcription factors in pancreatic β-cell
differentiation and expressed throughout all development
periods, as well as broadly in the initial pancreatic precursor
population, and in Ngn3-expressing islet progenitor cells and
differentiated islet cells[12,13,22]. Mice homozygous for a null
mutation of Nkx2.2 develop severe hyperglycemia leading
to death shortly after birth, because of the lack of insulinproducing β-cells[14], and show a variety of functional defects
in the islet cells that produce endocrine hormones other
than insulin. In the present study, we examined genetically
altered ES cells after transfection of the Nkx2.2 gene to
determine their ability to differentiate into insulin-producing
cells in vitro.
To assess the effect of the exogenous Nkx2.2 transgene
on generation of insulin-producing ES-derived cells, we
considered that an EB-based 1-step culture protocol[11,15,23]
that supported natural differentiation of ES cells would be
better than an EB-based multi-step protocol[24] that directed
an oriented differentiation of ES cells toward pancreatic
cell lineages using serum-free culture followed by a
combination of growth factors. Since a promoted induction
of insulin-producing cells was expected, a less efficient
differentiation protocol was better suited to demonstrate
the promoted action than a more sophisticated and efficient
protocol. In addition, some investigators have speculated
that the insulin-immuno-positive nature of cultured cells
derived in an EB-based multi-step method is due to the
incorporation of insulin from the culture medium[25,26], while
it is also suspected that such insulin-incorporated cells are
apoptotic. Therefore, in the present study, EBs are simply
allowed to attach and grow in gelatin-coated dishes in media
containing FCS without growth factors, including insulin.
Since the emergence of insulin-producing cells among
the simple EB outgrowths was expected to be rare, we used
DTZ to locate those that produced insulin. DTZ is a
zinc-binding substance, and known to stain crimson red the
pancreatic islets from such animals, as mice, dogs and pigs,
as well as those from human beings[19-21]. We previously
reported that DTZ-stained cellular clusters appeared in EB
outgrowths and that the clusters demonstrated characteristics
similar to pancreatic islets[11]. In the present study, DTZ-stained
cellular clusters appeared 2 wk earlier in the Nkx-ES-derived
EB outgrowths, as compared to the wt-ES-derived EB
outgrowths. Those cellular clusters were immunopositive
for insulin and the presence of secreted insulin was confirmed
by ELISA. Further, in addition to an early emergence, an
increased frequency of DTZ-stained cells was also observed
in the Nkx-ES-derived EB outgrowths. These results suggest
that the fate of differentiating cells was favorably affected
toward the generation of insulin-producing cells.
In spite of our success, the DTZ-positive cellular fraction
still accounted for only 1% of the differentiated Nkx-ES
cells. To achieve a more efficient generation of insulin-
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producing cells from ES cells in vitro, controlled regulation
of other transcriptional factors that are involved in
pancreatic β-cell differentiation might be necessary. Indeed,
a highly efficient production of insulin-producing cells from
ES cells has been reported by the expression of exogenously
transfected pdx-1, pax 4, or Nkx6.1[27-29].
The precise mechanisms by which Nkx-ES cells promote
the induction of insulin-producing cells is unknown, thus
sequential analyses of a number of transcription factors
that are involved in pancreatic β-cell differentiation must
be examined in differentiating Nkx-ES cells. Although we
have not performed such an analysis, an important finding
to investigate is the early expression of insulin seen in the
present differentiating Nkx-ES cells. Nkx2.2 expression
preceded insulin expression in differentiating wt-ES cells
(Figure 3A), which has also been seen in the pancreatic
β-cell development[30]. Therefore, Nkx-ES cells may directly
skip to that process following Nkx2.2 expression. Glucosedependent insulin secretion was not observed in the cultures
of ES-derived insulin-secreting cells, which we considered
may have been due to the high concentration of glucose
present in the culture media, in which the ES cells were
allowed to differentiate until the insulin detection assay.
In summary, we generated gene-engineered Nkx2.2expressing ES cells and demonstrated their ability to induce
insulin-producing cells in vitro. Our results show that geneengineered ES may be a useful source of insulin-producing
cells.
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Abstract
AIM: To build up the research models of hepatic fibrosis in
mice.
METHODS: Inbred wild-type FVB/N mice were either treated
with alpha-naphthyl-isothiocyanate (ANIT), allyl alcohol (AA),
carbon tetrachloride (CCl 4), 3,5-diethoxycarbonyl-1,4dihydrocollidine (DDC), and silica, or subjected to common
bile duct ligation (CBDL) to induce hepatic injury. Liver biopsies
were performed every 4 wk to evaluate hepatic fibrosis
over a period of 6 mo. Cumulative cirrhosis and survival curves
were constructed by life table method and compared with
Wilcoxon test.
RESULTS: Under the dosages used, there was neither
mortality nor cirrhosis in AA and silica-treated groups. DDC and
ANIT caused cirrhosis within 4-12 and 12-24 wk, respectively.
Both showed significantly faster cirrhosis induction at high
dosages without significant alteration of survival. The duration
for cirrhosis induction by CCl4 ranged from 4 to 20 wk, mainly
dependent upon the dosage. However, the increase in CCl4
dosage significantly worsened survival. Intraperitoneal CCl4
administration resulted in better survival in comparison
with gavage administration at high dosage, but not at
medium and low dosages. After CBDL, all the mice developed
liver cirrhosis within 4-8 wk and then died by the end of
16 wk.
CONCLUSION: CBDL and administrations of ANIT, CCl4, and
DDC ensured liver cirrhosis. CBDL required the least amount
of time in cirrhosis induction, but caused shortened lives of
mice. It was followed by DDC and ANIT administration with
favorable survival. As for CCl4, the speed of cirrhosis induction
and the mouse survival depended upon the dosages and
the administration route.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Being the final outcome of chronic liver damage regardless
of the underlying etiologies, hepatic fibrosis demands
thorough study. The studies of hepatic fibrosis rely upon
the availability of animal models. Although no experimental
model exactly reproduces human liver fibrosis by etiologies,
animal models serve to improve our understanding of
pathogenetic mechanisms of liver fibrosis. In view of the
cost-effectiveness in inducing hepatic injuries, hepatotoxin
administration and common bile duct ligation (CBDL) were
considered as useful methods[1].
In recent years, advances in molecular biology have helped
to generate a transgenic mouse model of liver fibrosis[2].
This represents a new form of perturbation analysis whereby
selective expression of novel or altered genes are used to
perturb a complex system so that the information about
the changes during development, functioning and
malfunctioning can be deduced[3]. This approach potentially
allows development of animal models with liver fibrosis
that are inducible and genetically similar to that of man. A
reliable and reproducible model of hepatic fibrosis in wildtype control mice will aid to unveil the pathologic mechanisms
deduced from genetic and molecular approaches. However,
informative data of mouse hepatic fibrosis generated in the
laboratory remained lacking in the literature because rats
had long been the most common animal model for studying
hepatic fibrosis induced by various chemical or surgical
hepatic injuries[1]. Since different animal models display
distinct characteristics in the nature of pathogenesis of
fibrosis or cirrhosis, the data acquired from rats could not
apply to mice without bias[4-8]. This urged us to set up a mouse
model of hepatic fibrosis using CBDL or the administration of
various hepatotoxins including alpha-naphthyl-isothiocyanate
(ANIT)[9,10], silica[11], carbon tetrachloride (CCl4)[12-14], 3,5diethoxycarbonyl-1,4-dihydrocollidine (DDC)[15,16], and allyl
alcohol (AA)[17-19]. This study mainly focused on the strain
of FVB/N inbred mice, which have been widely used to
generate a variety of transgenic lines owing to their high
reproduction rate and easy access in microinjection[20,21].
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MA
TERIALS AND METHODS
MATERIALS
Mice
Inbred FVB/N mice (8-10 wk old) were obtained from the
National Laboratory Animal Center (Taipei, Taiwan). All
animals received care as outlined in the “Guides for the Care
and Use of Laboratory Animals” prepared by the Committee
of Animal Research, Chang Gung Memorial Hospital. Mice
were supplied with food and water and exposed to a 12-h
light-dark cycle. Ten mice (five males and five females)
composed a group to which surgical CBDL or a hepatotoxin
via intraperitoneal (IP) or oral gavage (OG) administration
at the same dosage was given during a period of 6 mo.
Methods to induce hepatic injuries
ANIT (Sigma Chemical Co., St. Louis, MO, USA) ANIT
was dissolved in corn oil and administered via IP or OG
route, respectively. For each route of administration, there
were three subgroups according to the maintenance dose
as follows: 25 mg/kg (low dosage), 50 mg/kg (medium
dosage) and 125 mg/kg (high dosage). After a single loading
dose of 100 mg/kg, the maintenance doses were given twice
a week. Additionally, there was a modified method of OG
administration with a single loading dose of 100 mg/kg
and subsequent maintenance doses of 50 mg/kg for the 1st
and 2nd mo, 75 mg/kg for the 3rd and 4th mo, and 100 mg/kg
for the 5th and 6th mo.
AA (Sigma Chemical Co.) AA was prepared in double
distilled water and administered via OG route for five
subgroups according to the dosages as follows: 0.2, 0.4, 0.6,
0.8, and 1.0 mmol/kg twice a week.
CCl4 (Sigma Chemical Co.) The mice were fed via OG
or IP route with CCl 4 (density = 1.594 kg/L) diluted in
double distilled water. As for each route of administration,
they were further subgrouped into three according to the
maintenance doses as follows: 0.8 g/kg (low dosage), 1.6 g/kg
(medium dosage) and 2.0 g/kg (high dosage). After a single
loading dose of 2.4 g/kg, the maintenance doses were then
administered twice a week.
DDC (Sigma Chemical Co.) The mice were fed via OG
with DDC in corn oil twice a week. They were subgrouped
by four different dosages as follows: 0.25, 0.5, 2.5, and 5 mg.
In addition, 0.1% DDC contained diet (Purina Mills TestDiet,
St. Louis, MO, USA) was used as the 5th subgroup.
Silica (US Silica Company, Berkeley Springs, WV,
USA) Silica was dissolved in Dulbecco’s modified eagle
media and given subcutaneously at the dose of 3.5 g/kg, or
intraperitoneally at the dose of 1.6 g/kg twice a week.
CBDL The surgical procedure was performed under sterile
conditions. The mice were anesthetized with isoflurane.
Midline laparotomy was performed for exploring the hepatic
hilum and identifying CBD. Under the dissecting microscope,
CBD was then isolated, doubly ligated and transected between
two ligatures.
Liver biopsy
Liver biopsy demanded survival procedures and sterile
techniques. After anesthesia with isoflurane, midline
laparotomy was performed to expose the mouse liver. A
liver block sized 0.5 cm in diameter was taken and then the
cut surface was sutured for hemostasis. Serial biopsy was
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preformed monthly (per 4 wk) for each mouse till cirrhosis
was well documented by histopathology. At the first liver
biopsy, ascites, and intra-abdominal adhesion were examined
and recorded.
Histopathology
Mouse livers from biopsies were fixed in 10% neutral
buffered formaldehyde solution and embedded in paraffin.
Sections, 4 µm in thickness, were stained with hematoxylin
and eosin. Fatty change of hepatocytes was recorded when
hepatocytes showed fat accumulation, balloon-like swelling
or formation of fat cysts. For liver necrosis, there were the
disorganization of liver cell cords, homogeneous cytoplasm,
pyknotic nuclei and periportal infiltration of inflammatory
cells. Fibrosis was defined as the presence of fibrous scarring
band in the liver parenchyma by Mason’s trichrome collagen
stain. Once the irregular zones of fibrosis developed and
surrounded the remaining parenchymal tissues to display a
pattern of nodularity under microscope, cirrhosis was
diagnosed.
Statistical analysis
For survival and cirrhosis rate analyses, life table method
was used. The length of time intervals used in this study
was 4 wk. Any mouse which died, or whose liver was
pathologically documented to be cirrhotic was considered
to have experienced an event. When a mouse died before
cirrhosis was confirmed at cirrhosis rate analysis, it was
counted as a withdrawal and treated the same way as cases
lost to follow-up. Plots were constructed with weeks after
inducing liver injury vs survival or cirrhosis rate. The Wilcoxon
test was employed to compare the curves. Differences were
regarded as significant if a P value was less than 0.05.

RESUL
TS
RESULTS
Mouse survival
During the period of 6 mo, none of the 260 mice enrolled
in this study died of the procedures for CBDL, liver
biopsy or administration of hepatotoxins. There was
no mortality case in the AA and silica groups. As for the
other groups, 71 mice died in the course of this study.
Among the 71 deaths, 20 occurred before cirrhosis could
be histopathologically confirmed (pre-cirrhotic) and the
remaining 51 after cirrhosis was found (post-cirrhotic).
Nineteen of the 20 pre-cirrhotic deaths occurred in the
CCl4 group. As for the post-cirrhotic deaths, there were 4
in the ANIT group, 26 in the CCl4 group, 11 in the DDC
group and 10 in the CBDL group. The case numbers of
mortality in each subgroup were listed in Table 1. Mortality
had been found in all the CCl4 subgroups, ranging from
40% to 100%. In the DDC group, mortality was mainly
post-cirrhotic, and seen in 2.5 and 5 mg and 0.1% diet
subgroup. All the mice in CBDL group had post-cirrhotic
death by the end of 16 wk. The overall comparison for the
survival curves in the ANIT and DDC groups could not
reach any statistical significance (P = 0.0823 and 0.1227,
respectively), whereas there was a significant difference in
the CCl4 subgroup (P<0.0001). Pairwise comparisons for
survival curves of the six CCl4 subgroups showed that the
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low dosage (IP0.8 and OG0.8) was significantly better than
the medium dosage (IP1.6 and OG1.6, Figure 1, P = 0.00100.0317), and the medium dosage was also superior to the
high dosage (IP2.0 and OG2.0, Figure 1, P = 0.0002-0.0044).
Considering the administration routes, IP route compared
favorably in survival with OG route at the high dosage
(P = 0.0221), but not at the medium and low dosages
(P = 0.7899 and 0.5902, respectively).

Table 1 Case number of pre-cirrhotic and post-cirrhotic deaths
Pre-cirrhotic death

Post-cirrhotic death

ANIT OG 25 mg/kg
ANIT OG 50 mg/kg

0
0

0
0

ANIT OG 125 mg/kg
ANIT IP 25 mg/kg

0
0

3
0

ANIT IP 50 mg/kg
ANIT IP 125 mg/kg

0
1

0
0

ANIT modified
AA OG from 0.2 to 1.0 mmol/kg

0
0

1
0

CCl4 OG 0.8 g/kg
CCl4 OG 1.6 g/kg

0
2

5
7

CCl4 OG 2.0 g/kg
CCl4 IP 0.8 g/kg

5
4

5
0

CCl4 IP 1.6 g/kg
CCl4 IP 2.0 g/kg

6
2

1
8

DDC OG 0.25 mg
DDC OG 0. 5 mg

0
0

0
1

DDC OG 2.5 mg
DDC OG 5 mg
DDC 0.1% diet

0
0
0

3
4
3

0/0
0

0/0
10

Silica (SC 3.5 g/kg or IP 1.6 g/kg)
CBDL

OG: Oral gavage; IP: intraperitoneal; SC: subcutaneous.

1.0

Cum survival

0.8
0.6
0.4
0.2
0.0
0

4

8
12 16 20
After liver injury (wk)

CCl4
IP2.0
IP1.6
IP0.8
OG2.0
OG1.6
OG0.8
24

Figure 1 Survival curves of six CCl 4 subgroups are shown. The number
immediately behind the IP or OG indicates the dosage of CCl4 used in g/kg.

Ascites and intraabdominal adhesion
Ascites was universally found at laparotomy when the
hepatotoxins were administered via IP route. In the CBDL
group, there were only three mice presenting with ascites at
the subsequent laparotomy. Intraabdominal adhesion existed
in over 50 % of cases (ranging from 50% to 100%) when
IP route or CBDL was used. Additionally, granuloma-like
masses were intraperitoneally identified in all the cases of
silica IP subgroup and in nine cases of ANIT IP subgroups

(two for 25 mg/kg, one for 50 mg/kg and six for 125 mg/kg).
Histopathology
The case numbers of histopathological findings in each
subgroup were listed in Table 2. Fatty change was seen mainly
in the ANIT and CCl4 groups, and sporadically in the AA
group (1 for 0.8 mmol/kg and 2 for 1.0 mmol/kg). Bile
lakes were the common findings in the DDC and CBDL
groups. Liver necrosis and fibrosis were demonstrated almost
in all the cases of the ANIT, CCl4, DDC, and CBDL groups,
two cases of the AA group (one for 0.8 mmol/kg and the
other for 1.0 mmol/kg), but none of the silica group. The
necrosis and fibrosis were detected at the first or second
liver biopsy (4-8 wk after liver injury). Liver fibrosis in the
two mice from the AA group did not progress to cirrhosis
by the end of this study. Cirrhotic nodules could be identified
in 30 mice (42.9%) of ANIT group (n = 70), 32 mice (53.3%)
of CCl4 group (n = 60), 39 mice (78.0%) of DDC group
(n = 50) and all the mice (100%) of CBDL group (n = 10).
DDC subgroup with higher dosages (2.5 and 5 mg) and
0.1% diet could substantially reach 100% successful rate
of cirrhosis induction as seen in the CBDL group.
Durations required for cirrhosis induction
Results from life table analysis for the durations were presented
in the curves with weeks after inducing liver injury vs cirrhosis
rate. CBDL represented a rapid method to induce liver
cirrhosis with 70-100% of successful rate within 4-8 wk
(Figure 2A). DDC caused liver cirrhosis within 4-12 wk
(Figure 2B). Statistical analysis revealed that the lower the
DDC dosage, the longer the time spent by DDC in inducing
cirrhosis among 0.5, 2.5 and 5 mg subgroups (DDC0.5 vs
DDC2.5, P = 0.0387 and DDC2.5 vs DDC5, P = 0.0004).
There was no significant difference between 0.25 and 0.5 mg
DDC subgroups (P = 0.1311). DDC 0.1% diet required
significantly less time to induce cirrhosis than DDC 0.25 mg
(P = 0.0001), 0.5 mg (P = 0.0008) and 2.5 mg (P = 0.0032),
but was not significantly different from 5 mg subgroups
(P = 0.3415). As for CCl4, the duration for inducing cirrhosis
was quite variable, ranging from 4 to 20 wk (Figure 3A). The
IP and OG high dosages (2.0 g/kg) of CCl4 spent significantly
less time in cirrhosis induction than IP and OG low dosages
(0.8 g/kg) of CCl 4 (P = 0.0005-0.0209). There was no
difference of the cirrhosis curves between IP and OG administrations at the high (P = 0.1760) and low (P = 0.1661)
dosages, whereas OG administration compared favorably
in cirrhosis induction than IP administration at the medium
dosage (1.6 g/kg) of CCl4 (P = 0.0060). The OG medium
dosage (OG1.6) had no significant difference from the high
dosage (P = 0.1852 for OG2.0 and P = 0.7241 for IP2.0),
and the IP medium dosage (IP1.6) had no significant
difference from the low dosage (P = 0.8822 for OG0.8
and P = 0.1514 for IP0.8). Cirrhosis caused by ANIT did
not show up until 12-24 wk (Figure 3B). The high dosage
of ANIT significantly spent less time in cirrhosis induction
than the medium (P = 0.0002-0.0263) and low dosages
(P = 0.0002-0.0027), whereas the medium dosage could
not be significantly superior to the low dosage (P = 0.09041.0000). At the same ANIT dosage used, there was no
significant difference of cirrhosis curves between OG and
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Table 2 Histopathological changes after inducing liver injuries
Fatty change

Necrosis/fibrosis

0
4
5
0
1
4
4
31
4
5
8
3
5
6
0
0
0
0
0
0/0
0

10
10
10
9
10
10
10
22
10
10
10
10
10
10
10
10
10
10
10
0/0
10

ANIT OG 25 mg/kg
ANIT OG 50 mg/kg
ANIT OG 125 mg/kg
ANIT IP 25 mg/kg
ANIT IP 50 mg/kg
ANIT IP 125 mg/kg
ANIT modified
AA OG from 0.2 to 1.0 mmol/kg
CCl4 OG 0.8 g/kg
CCl4 OG 1.6 g/kg
CCl4 OG 2.0 g/kg
CCl4 IP 0.8 g/kg
CCl4 IP 1.6 g/kg
CCl4 IP 2.0 g/kg
DDC OG 0.25 mg
DDC OG 0. 5 mg
DDC OG 2.5 mg
DDC OG 5 mg
DDC 0.1% diet
Silica (SC 3.5 g/kg or IP 1.6 g/kg)
CBDL

Cirrhosis

Bile lake

2
4
8
1
1
9
5
0
5
8
5
2
4
8
3
6
10
10
10
0/0
10

0
0
0
0
0
0
0
0
0
0
0
0
0
0
6
9
10
10
9
0/0
10

OG: oral gavage; IP: intraperitoneal; SC: subcutaneous. 11 for 0.8 mmol/kg and 2 for 1.0 mmol/kg; 21 for 0.8 mmol/kg and 1 for 1.0 mmol/kg.

A

B

1.0

1.0
0.8
Cirrhosis (%)

Cirrhosis (%)

0.8
0.6
0.4

DDCdiet
DDC5
DDC2.5
DDC0.5
DDC0.25

0.0

0.0
0

4
8 12 16 20
After liver injury (wk)

0

24

Figure 2 Cirrhosis rates of CBDL and DDC groups. A: The cirrhosis curve for
CBDL group is shown; B: The cirrhosis curves for 5 DDC subgroups are

4

8 12 16 20
After liver injury (wk)

24

shown. The number immediately behind DDC indicates its dosage used in mg
per mouse. DDC diet represents 0.1% DDC contained diet.

B

1.0

1.0
0.8

0.6
0.4
0.2
0.0
0

4

8 12 16 20
After liver injury (wk)

CCl4
IP2.0
IP1.6
IP0.8
G2.0
G1.6
G0.8
24

Cirrhosis (%)

0.8
Cirrhosis (%)

DDC
0.4
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Figure 3 Cirrhosis rates of CCl4 and ANIT groups. A: The cirrhosis curves for
six CCl4 subgroups are shown. The number immediately behind the IP or OG
indicates the dosage of CCl4 used in g/kg; B: The cirrhosis curves for seven

ANIT subgroups are shown. The number immediately behind the IP or OG
indicates the dosage of ANIT used in mg/kg.

IP administrations (P = 0.2444 for high dosage, P = 0.0904
for medium dosage, and P = 0.5032 for low dosage). The
modified method for ANIT administration compared

favorably in cirrhosis induction only with IP low dosage
and IP medium dosage (P = 0.0349, for both), but poorly
with OG high dosage (P = 0.0303).
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DISCUSSION
In this 6-mo study of experimental cirrhosis induction, AA
and silica were ineffective in inducing liver fibrosis let alone
cirrhosis. AA administration in the drinking water (50 ppm
equivalent to 0.08-0.11 mmol/kg per d) for 15 wk has no
effect on the histopathological examination of rat livers[19].
Moreover, IP injection of AA in rats only produced variable
periportal liver necrosis predominantly at 6-12 h, followed
by restitutive proliferation of periportal necrosis to repopulate
the necrotic zone. Eventually, the liver architecture was
essentially restored by 1 wk[18]. It indicated that AA merely
induced short-term toxicity in rats. Although we had
observed liver necrosis and fibrosis in two mice with OG
administration of 0.8 and 1.0 mmol/kg AA, this liver damage
was transient and insufficient to result in cirrhosis. It
suggested that rats and FVB/N mice had similar hepatotoxic
resistance to AA. As for silica, subcutaneous or IP administration
was reported to cause liver fibrosis and cirrhosis in nude
mice at 12 mo and in (C57BL/6×BALB/c) F 1 mice at
18 mo[22]. Thus, a 6-mo duration might not be long enough
for silica to cause hepatic injury with subsequent fibrosis
and cirrhosis in FVB/N mice. As a result, a longer-term
administration of silica might be required for inducing liver
cirrhosis in FVB/N mice. A major drawback with silica
administration was the granuloma formation at the injection
site. This might be of concern to subsequent laparotomy
for liver biopsy when the IP route is used.
The IP or OG administration of ANIT, CCl4 or DDC
could effectively lead to liver fibrosis within 4-8 wk. All the
liver fibrosis in mice did not always progress to microscopic
cirrhotic nodules by the end of 24 wk. It suggested that
restitutive response of mice to the injuries by those hepatotoxins
sometimes restore liver architecture. ANIT has been used
for years to study cholangiolitic hepatotoxicity in laboratory
animals[9,10]. This study showed that ANIT usually led to
mouse cirrhosis within 12-24 wk after administration. Mortality
was only seen in the subgroups with high dosage and modified
administration. However, there was no significant difference
among the survival curves of all the ANIT subgroups. The
high dosage of ANIT could more rapidly induce liver cirrhosis
than the medium or low dosage. At the same dosage of
ANIT, it made no significant difference between IP and
OG administrations in cirrhosis induction. The modified
method by gradual increase of ANIT dosage could not
substantially provide any benefit in cirrhosis induction in
this study. Overall, ANIT model required a longer period
for the formation of cirrhosis. This might provide more
time for researchers to investigate the progression of liver
fibrosis.
CCl4 has been used extensively for decades to induce
liver injury in various experimental models to elucidate the
mechanisms behind hepatotoxicity[23]. Also, it was commonly
used as a hepatotoxic agent in transgenic mice to evaluate
liver fibrosis and cirrhosis on the basis of the selective expression
of some novel or altered genes[13,14,24]. We experienced that
the major problem in association with the use of CCl4 to
induce liver fibrosis or cirrhosis had been the high mortality
rates of mice, accounting for 40-100 % in those subgroups.
Animals might die before or after cirrhosis was found. The
higher CCl4 dosage was associated with the worse survival
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curve. The duration required for cirrhosis induction by CCl4
was quite variable, ranging from 4 to 20 wk, mainly depending
upon the dosage. The high dosage (2.0 g/kg) of CCl4 could
rapidly cause liver cirrhosis within 4-12 wk, but led to poor
survival. Under the circumstances, IP administration will
be suggested since IP route posed better survival than OG
route only at the high dosage of CCl 4. The low dosage
(0.8 g/kg) of CCl4 required 12-24 wk to successfully induce
cirrhosis. At the low dosage, it was shown that the administration
routes had no influence on the survival and the cirrhosis
induction. At the medium dosage (1.6 g/kg) of CCl4, OG
administration was more rapid to induce cirrhosis than IP
administration, but did not significantly differ in survival
curves from IP administration. Nevertheless, the high mortality
rate along with the use of CCl4 must be taken into consideration
since it will prematurely terminate the sequential studies or
observations of liver fibrosis or cirrhosis. Furthermore, CCl4
might not be an ideal solvent for investigating hepatocarcinoma
since liver carcinogenesis might be due to the genotoxic
chemical carcinogen effect of CCl4 itself as well as CCl4induced liver cirrhosis[25,26].
DDC did not result in pre-cirrhotic death, but tended to
lead to post-cirrhotic death at higher dosage (2.5 and 5 mg)
and 0.1% DDC diet. The overall comparison for all survival
curves of those DDC subgroups led to the insignificant
difference. It took about 4-12 wk for DDC to successfully
induce cirrhosis. Except 0.25 mg DDC subgroup, the
successful rate of cirrhosis induction was quite satisfactory.
The higher the dosage of DDC we used, the lesser the time
we needed to induce cirrhosis. DDC 0.1% diet could not
be superior to 5 mg DDC subgroup in cirrhosis induction.
A major concern of DDC use was the high proportion of
bile lake formation. This might cause some biases in observing
the relationship between cirrhosis and its sequelae.
CBDL represented a rapid and consistent method to
induce liver fibrosis and cirrhosis. Hepatocellular injuries
were caused by cholestasis, leading to liver dysfunction,
promoting fibrogenesis and ultimately resulting in liver
failure and death. All the mice with CBDL rapidly progressed
to cirrhosis within 4-8 wk after operation, and died by the
end of 16 wk. The rapid progression to cirrhosis and death
by CBDL might limit its application in chronic fibrosis studies
and make it difficult to carry out a long-term investigation
of liver cirrhosis. A major technical problem was the reversibility
of histological changes due to recanalization of bile ducts[1].
In our tested animals, the bile ducts remained totally obstructed
till their death in view of bile lakes at final pathology and
the coloration of peritoneum and auricle. The successful
obstruction by CBDL might be due to the fact that CBD
was doubly ligated and transected between two ligatures[27].
Besides, intraabdominal adhesion could be an obstacle for
subsequent survival laparatomy to study CBDL livers.
In summary, CBDL and hepatotoxins of ANIT, CCl4
and DDC could be effective in causing liver fibrosis of
mice. CBDL rapidly and irreversibly led to liver fibrosis
and subsequently to cirrhosis within 4-8 wk, but inevitably
caused mortality by the end of 16 wk. As a result, CBDL
was suitable for creating a mouse model for the short-term
study of liver fibrogenesis. Although CCl4 had been commonly
used for inducing liver fibrosis and cirrhosis, the duration
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required for cirrhosis induction varied (4-20 wk) and mainly
depended upon the dosage. It could be used in mice for
studying both acute and chronic liver fibrogenesis. A major
drawback in association with CCl4 use was a relatively high
mortality. DDC could effectively induce cirrhosis within
4-12 wk. The time required for cirrhosis induction by
DDC was quite similar to that of CBDL, but the survival
experience was better in the DDC group. ANIT slowly
induced liver cirrhosis in mice. The duration from initial liver
inflammatory damage to cirrhosis formation by ANIT was
more than 12 wk after administration. Thus, ANIT was quite
a good toxin for a long-term study of fibrosis progression
into cirrhosis.
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Abstract
AIM: To investigate the effect of tetramethylpyrazine
(TMP), an active compound from Ligustium Wollichii
Franchat, on electrolyte transport across the distal colon
of rodents and the mechanism involved.
METHODS: The short-circuit current (ISC) technique in
conjunction with pharmacological agents and specific
inhibitors were used in analyzing the electrolyte transport
across the distal colon of rodents. The underlying cellular
signaling mechanism was investigated by radioimmunoassay
analysis (RIA) and a special mouse model of cystic fibrosis.
RESULTS: TMP stimulated a concentration-dependent rise in
ISC, which was dependent on both Cl– and HCO3–, and inhibited
by apical application of diphenylamine-2,2’-dicarboxylic
acid (DPC) and glibenclamide, but resistant to 4,4’diisothiocyanatostilbene-2,2’-disulfonic acid disodium salt
hydrate (DIDS). Removal of Na+ from basolateral solution
almost completely abolished the ISC response to TMP, but
it was insensitive to apical Na+ replacement or apical Na+
channel blocker, amiloride. Pretreatment of colonic mucosa
with BAPTA-AM, a membrane-permeable selective Ca2+
chelator, did not significantly alter the TMP-induced ISC. No
additive effect of forskolin and 3-isobutyl-1-methylxanthine
(IBMX) was observed on the TMP-induced ISC, but it was
significantly reduced by a protein kinase A inhibitor, H89.
RIA results showed that TMP (1 mmol/L) elicited a
significant increase in cellular cAMP production, which
was similar to that elicited by the adenylate cyclase
activator, forskolin (10 µmol/L). The TMP-elicited ISC as
well as forskolin- or IBMX-induced ISC were abolished in

mice with homozygous mutation of the cystic fibrosis
transmembrane conductance regulator (CFTR) presenting
defective CFTR functions and secretions.
CONCLUSION: TMP may stimulate cAMP-dependent and
CFTR-mediated Cl– and HCO3– secretion. This may have
implications in the future development of alternative
treatment for constipation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Constipation presents a massive impact on health services,
and the epidemiology investigation has demonstrated that
the prevalence of constipation in many areas around the
world is significantly high [1,2]. Studies have shown that
constipation results primarily from changes in gastrointestinal
motility[3]. In addition, alterations in regulating fluid and
electrolyte transport across gut epithelia may represent
another contributing factor in the pathophysiology of
constipation[4].
The mammalian colon is the final station of the
gastrointestinal tract, where the organism has the last
opportunity to modify the electrolyte contents in the feces
with balanced absorptive and secretory activities. The
epithelial layer covering the inner surface of colon is a typical
electrolyte-transporting epithelium, which under physiological
conditions absorbs water, sodium and chloride while
secreting NaCl as well as potassium and bicarbonate through
a number of ion channels, carriers, and pumps, located
either on the luminal or on the basolateral membrane.
Epithelial Na+ channels populated in the apical membranes
of the absorptive cells in the colon, which are amiloridesensitive and well-known targets for mineralocorticoids,
are responsible for Na + absorption [5] . Cystic fibrosis
transmembrane conductance regulator (CFTR), a cAMPdependent Cl– channel, is predominantly expressed in colonic
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crypts [6,7] and known to mediate both Cl–[8,9] and HCO3–
secretion[10,11]. Disturbance of ion transport, like cholera
toxin and cystic fibrosis (CF) may result in diarrhea[12] or
constipation[13] with severe pathological consequences[9].
The traditional therapeutic proposals, such as the
employment of cathartic medications, stool softeners,
lubricant grease, and enemas have some effects on constipation,
but their side effects have restricted their use[14].
In our previous study, we have observed that Bak Foong
Pill, consisting of more than 20 herbal ingredients, a well
known Chinese remedy widely used for treating
gynecological disorders, exerts a stimulatory effect on anion
secretion by the human colonic epithelia cell line T 84
primarily via the cAMP pathway with minor contribution
from the Ca2+ pathway[15]. This result highlights the potential
for exploring an active component of Bak Foong Pills for
treatment of constipation or other obstructive bowel
syndromes in patients.
Tetramethylpyrazine (TMP, C8H12N2, molecular weight
136.20), also known as ligustrazine, is the active compound
extracted from one of the component herbs of Bak Foong
Pill, Ligustium Wollichii. TMP is used in clinic to treat
cardiovascular disorders because of its multitude of
biological effects such as improving blood circulation and
metabolism of cardiac muscle, increasing coronary flow,
decreasing oxygen consumption, lowering blood pressure
and inhibiting thrombosis[16–18]. TMP may act as an inhibitor
of phosphodiesterase (PDE) to increase intracellular cAMP
thereby exerting its antiplatelet and vasodilatation effects[19].
On the other hand, the effect of TMP on the release of
calcium from internal stores has also been reported [17].
Therefore, it is possible that TMP may be the active
compound responsible for mediating the effect of Bak Foong
Pills. The focus of this study was to investigate the effect
of TMP on water and electrolyte transport properties of
native mammalian colon with the hope of exploring new
alternative treatment for constipation or obstructive bowel
syndromes.

MA
TERIALS AND METHODS
MATERIALS
Materials
TMP was purchased from the Fourth Pharmaceutical
Factory of Beijing (Beijing, China). 3-Isobutyl-1-methylxanthine
(IBMX), amiloride, DIDS, BAPTA-AM, POP and POPOP
were obtained from Sigma Chemical Company (St. Louis,
MO, USA). Calbiochem (San Diego, CA, USA) was the source
for bumetanide, forskolin, TTX, H89, and glibenclamide.
Diphenylamine-2,2’-dicarboxylic acid (DPC) was purchased
from Riedel de Haen Chemicals (Hannover, Germany).
cAMP measurement kit was purchased from the Institute
of Atomic Energy Science (Beijing, China). Stock solutions
of all the chemicals were dissolved in DMSO. Final DMSO
concentrations never exceeded 1 mL/L. Preliminary
experiments indicated that the vehicle did not alter any
baseline electrophysiological parameters.
Krebs-Henseleit (KH) solution contained (in mmol/L):
117, NaCl; 4.7, KCl; 1.2, MgCl 2; 1.2, KH 2PO 4; 24.8,
NaHCO 3; 2.5, CaCl 2; 11.1, glucose. The solution was
continuously bubbled with 95% O2 and 50 mL/L CO2 to
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maintain the pH at 7.4. In Cl– free solution, NaCl, KCl, and
CaCl 2 were replaced by sodium gluconate, potassium
gluconate, and calcium gluconate, respectively[20]. When
HCO3– free solution was used, NaHCO3 was replaced by
NaCl, and the solution was buffered with 10 mmol/L Hepes
with a pH of 7.4 when gassed with 100% O2. In the Cl–
and HCO3– free solutions, NaCl and NaHCO3 were replaced
by sodium gluconate, KCl by potassium gluconate, and
CaCl2 by calcium gluconate. The solution was buffered with
10 mmol/L Hepes with a pH of 7.4 when gassed with
100% O2. In all solutions, the osmolarity was adjusted to
290 mOsm/L with D-mannitol if necessary.
Methods
Tissue preparation Adult male Sprague-Dawley rats
(Laboratory Animal Services Center at The Chinese
University of Hong Kong) ranging in age from 8 to 12 wk
had free access to standard rodent laboratory food and
water until the day of the experiments. The animals were
killed by CO2 asphyxiation in accordance with a protocol
approved by Animal Research Ethics Committee of the
Chinese University of Hong Kong. Segments of distal colon
about 5 cm proximal to the anus were quickly removed,
cut along the mesenteric border into a flat sheet and flushed
with ice-cold KH solution. The tissues were pinned flat with
the mucosal side down in a Sylgard-lined petri dish containing
ice-cold oxygenated solution. The serosa, submucosa, and
muscular layer were stripped away with fine forceps to obtain
a mucosa preparation. Two to three of these stripped
mucosal preparations were obtained from one animal. TTX
was used to exclude possible involvement of neuronal
circuitry.
CFTR mice CFTR mice, B6.129P2-Cftr [tm1Unc/J, were
purchased from Jackson’s Laboratory (Bar Harbor, ME
04609, USA) and then bred in Laboratory Animal Services
Center at The Chinese University of Hong Kong by mating
heterozygous pairs genotyped by PCR amplification of
genomic DNA isolated from the animals’ tails, as described
previously[21]. Homozygous CFTR mutation (-/-) mice and
their littermate wild-type CFTR (+/+) controls were utilized
in the study. Preparation of mouse colonic mucosa was
similar to that described for the rat. Mice were cared for in
accordance with the Laboratory Animal Services Center of
the Chinese University of Hong Kong guidelines.
Short circuit current measurement The short-circuit
current (ISC) was measured in vitro in Ussing chambers[22].
Flat sheets of distal colon with intact mucosa were mounted
between two halves of modified Ussing chambers, in which
the total cross-sectional area was 0.45 cm2. The mucosal
and serosal surfaces of tissues were bathed with 10 mL of
KH solution by recirculation from a reservoir maintained
during the experiment. The solution was gassed
at 37
with 95% O2 and 50 mL/L CO2 to maintain the pH at 7.4.
An equilibration period of 30 min was given before the
experiments. The tissues were continuously short-circuited,
and the transepithelial potential difference (PD) was
measured through Ag/AgCl reference electrodes (World
Precision Instruments, Sarasota, Boca Raton, FL, USA)
connected to a preamplifier that was connected in turn to a
voltage clamp amplifier (DVC 1000; World Precision
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Instruments). Voltage offset of two voltage electrodes and
fluid resistance were adjusted and compensated prior to
the onset of each measurement. At 0.5 intervals, a
transepithelial PD of 0.1 mV (U) was applied to the tissue
and the change in current (I) was measured. The tissue
conductance (G t ) and the open-circuit PD could be
calculated from these values according to Ohm’s law (Gt =
I/U and PD = I/Gt). Drugs could be added directly to the
apical or basolateral side of epithelium. Responses were
continuously recorded on a chart recorder. The change in
I SC was calculated on the basis of the value before and
after stimulation and normalized as current per unit area
of epithelium (µA/cm 2), according to which, the total
transmembrane charges (µC/cm2) for 30 min could be
calculated. The methodology for tissue preparation and
measurement of electrical parameters across the mucosal
sheets was described earlier[23,24].
Measurement of cAMP Cytosolic cAMP concentrations
were measured by radioimmunoassay analysis (RIA). After
a 20-min period of equilibration in normal KH solution at
37 , the isolated mucosal sheet was treated with TMP,
forskolin, TMP with IBMX, TMP with IBMX and forskolin.
The mucosal sheet without treatment could act as control.
The mucosal sheets were further incubated for 2 min and
then rapidly frozen in liquid nitrogen and weighed 50.0 mg
frozen tissue precisely. The tissues were homogenized in
2 mL of 1 N perchloric acid using a glass homogenizer. The
homogenate was centrifuged at 1 000 r/min, 600 µL of
the supernatant was extracted and neutralized with 300 µL
of 20% KOH. The sediment was discarded after
centrifugation. Six hundred microliters of the supernatant
was extracted and evaporated in an electrothermal blast
and the residue was dissolved in 200 µL TE
drier at 80
buffer for further measurement. The amount of cAMP
was determined by RIA with a 3H-labeled cAMP kit (Institute
of Atomic Energy Science). Procedures were performed
according to the manufacturer’s instructions.
Statistical analysis
Results were expressed as mean±SE. The number of
experiments represented independent measurements on
separate stripped mucosal preparation (two to three of these
tissue preparations were obtained from one animal).

RESUL
TS
RESULTS
TMP-induced ISC response in rat distal colon
Addition of TMP to either the apical or basolateral
membrane could elicit ISC responses with a greater response
obtained with basolateral challenge. The present study
only focused on the responses elicited by basolateral
addition of TMP. As shown in Figure 1, the TMP response
was concentration-dependent with an apparent EC50 of
0.994 mmol/L. At a concentration greater than 3 mmol/L,
TMP induced a biphasic response with a fast transient peak
followed by a sustained plateau.
To exclude possible involvement of enteric nervous
system, 1 µmol/L TTX was added to the basolateral side
before the administration of TMP and no significant change
in the TMP-evoked increase in ISC was observed.
Ion basis of TMP-evoked ISC
The increase in ISC could be attributed to either enhanced
movement of positive charges from the luminal to the serosal
side (i.e., Na+) or movement of negative charges into the
lumen (i.e., Cl– and/or HCO3–). Ion substitution experiments
were conducted to determine the ionic basis for the
increases in I SC induced by TMP (Figure 2). When
extracellular Cl– or HCO3– was removed, the TMP-induced
response measured by total charge transfer per unit area
over a 30-min period was reduced by 58.4% (n = 5, P<0.01)
and 70.8% (n = 4, P<0.01), respectively. When both Cl–
and HCO 3– were replaced, 98.1% (n = 6, P<0.001) of
the response was abolished, indicating substantial
contribution of Cl – and HCO 3– to the TMP-induced
response (Figure 2A).
To test whether the TMP-induced ISC responses were
due to electrogenic Na+ absorption, apical Na+ was replaced
but it did not reduce the TMP response (n = 6), excluding
electrogenic Na+ absorption across the colonic mucosa.

B

5 µA

o
o

0.1 mmol/L

Comparisons between groups of data were made by either
the Student’s t-test (two-group comparison) or one-way
ANOVA with Newman-Keuls post hoc test (three or moregroup comparison). P<0.05 was considered statistically
significant. EC 50 values were determined by nonlinear
regression using GraphPad Prism software.
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Figure 1 Effect of TMP on ion transport across rat colonic mucosa. A:
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obtained in various solutions was plotted with normal KH solution as the
control; B: Summarized data showing the effect of 1 mmol/L of TMP-evoked

I SC response in the apical presence of amiloride (0.1 mmol/L), apical Na +
removal, and basolateral Na + removal from the bath solution. Values are
mean±SE; bP<0.001, dP<0.01 vs control. NS, not significant.

However, removing Na+ from basolateral or bilateral bathing
solution abolished TMP-induced ISC response by 99.5%
(n = 4, P<0.001, Figure 2B), suggesting that both Cl– and
HCO3– secretion might involve transport mechanisms that
depend on basolateral Na+.

added bilaterally to the colonic mucosa for 45 min prior to
the addition of TMP. The subsequent TMP-evoked ISC was
slightly reduced but not significant (n = 6, P>0.05, Figure 4).
To test whether TMP exploited the cAMP pathway, the
additive effect of forskolin (10 µmol/L, n = 7) or IBMX
(100 µmol/L, n = 6) was examined. As shown in Figure 5A,
no further increase in ISC by TMP was observed when the
ISC was first elicited by the adenylate cyclase (AC) activator,
forskolin, or PDE inhibitor, IBMX. Similarly, little or
reduced forskolin or IBMX-induced I SC response was
observed if the ISC was first activated by TMP (data not
shown), indicating significant overlapping of the TMP
signaling pathway with the cAMP-dependent one. This
possibility was further tested by examining the effect of the
protein kinase A (PKA) inhibitor, H89. The ISC response to
TMP could be blocked by 91.7% upon bilateral pretreatment
with 5 µmol/L H89 (n = 7, Figure 5B).
It is also possible that TMP may alter arachidonic
acid metabolism affecting production of prostaglandins
(PG), which are also known to be a mediator of other
secretagogues of intestinal secretion[26]. Therefore, the effect
of PG synthesis inhibitor, indomethacin, on TMP-induced
I SC increase was also determined. In the presence of
basolateral indomethacin (10 µmol/L), the TMP-induced
ISC response reduced but substantial response remained with
concentration-dependent characteristics (Figure 6). The
indomethacin-insensitive TMP response could be inhibited
by H89 (data not shown), consistent with the involvement
of the cAMP pathway.

Effect of ion channel blockers
To investigate whether the TMP-induced ISC response was
mediated by activation of the apical anion channel, different
anion channel blockers were used. As shown in Figure 3,
the TMP-induced ISC was completely inhibited by apical
application of glibenclamide (1 mmol/L, n = 9), which has
previously been shown to block CFTR[25] or DPC (2 mmol/L,
n = 10, data not shown). However, the TMP-induced ISC
response was not sensitive to apical addition of DIDS
(100, 500 µmol/L, and 1 mmol/L, n = 5), known to block
the Ca2+-activated Cl– channel.
Amiloride, an inhibitor of the epithelial Na+ channel,
was also used to assess the involvement of Na+ absorption.
In our preparation of rat colonic mucosa, a small amount
of amiloride-sensitive current was observed under basal
conditions. However, we did not detect any decrement
of TMP-induced ISC response following apical amiloride
(0.1 mmol/L) pretreatment (n = 7, Figure 2B).
Involvement of the second messengers
To address whether [Ca 2+] i was involved in mediating
TMP-evoked anion secretion, BAPTA-AM (100 µmol/L),
a membrane-permeable selective Ca 2+ chelator, was

TMP
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Figure 3 Effect of Cl channel blockers. Representative I SC recording with
arrows indicating the response to TMP (5 mmol/L, basolateral) and apical
addition of channel blockers DIDS (100 mmol/L) and glibenclamide (1 mmol/L).

Figure 4 Effect of BAPTA-AM on TMP-evoked ISC. Values are mean±SE; NS,
not significant.
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Figure 5 Involvement of cAMP in TMP-induced ISC response. A: Representative
recordings of ISC response to IBM× (100 µmol/L), forskolin (10 µmol/L) without
additive effect observed upon subsequent challenge of TMP (1 mmol/L); B:
Effect of H 89 (5 µmol/L) on TMP (1 mmol/L)-induced ISC response. Values are
mean±SE; bP<0.001 vs control.

used and the effect of TMP on colonic mucosa was
compared to that obtained from the wild type, CFTR (+/+).
TMP (5 mmol/L) added to the basolateral side of the wild
type colonic mucosa produced a sustained increase in ISC
response (n = 3, Figure 8A), which mimicked the forskolininduced I SC response (n = 3, Figure 8B). The same
concentration of TMP was used to challenge colonic
mucosa from CF mice and no TMP response was observed
(n = 5, Figure 8C), neither with addition of forskolin
(10 µmol/L, n = 3) or IBMX (100 µmol/L, n = 3), indicating
that both TMP-induced Cl – and HCO 3– secretion was
mediated by CFTR.
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Figure 6 Concentration-response curve for TMP-induced transmembrane
charges (30 min) in the presence of indomethacin (10 µmol/L). Each data point
was obtained from at least four individual experiments. Values are mean±SE of
maximal increase in charge.

Intracellular cAMP measurement
RIA was performed to study the effect of TMP on colonic
epithelial intracellular cAMP levels and the results are shown
in Figure 7. The intracellular cAMP content could be
stimulated from a basal level of 20.0±5.8 nmol/L (n = 9)
to 45.8±5.0 nmol/L (n = 6, P<0.005) in response to AC
activator forskolin (10 µmol/L), or to 48.8±9.9 nmol/L
(n = 10, P<0.05) in response to TMP (1 mmol/L).
Effect of TMP on CF mouse colonic mucosa
Since CFTR is a cAMP-dependent Cl – channel, the
involvement of the cAMP-dependent pathway as shown
above suggests that the secretory response elicited by TMP
may be mediated by CFTR. To test this hypothesis, mutant
CF mice with homozygous mutation of CFTR (-/-) were

TMP

Forskolin

TMP

Forskolin

Figure 8 A-C: TMP-induced ISC response in colonic mucosa of mice with CFTR
wild-type and homozygous mutation.

DISCUSSION
The present study has demonstrated a stimulatory effect
of TMP on colonic anion secretion but not Na+ absorption.
The TMP-induced increase in ISC is not considered to be
mediated by electrogenic Na+ absorption because it was
not inhibited by apical addition of amiloride, the epithelial
sodium channel blocker, or by Na+ removal from apical
side. Previous studies have also shown that isolated rat distal
colon is largely devoid of electrogenic Na+ transport [27].
However, replacement of extracellular Cl – and HCO 3–
ions, or addition of Cl – channel blockers, greatly
attenuated the TMP-induced I SC, suggesting that TMP
has a primary effect on the anion secretion by the colon
of rodents. It is interesting to note that both Cl– and HCO3–
secretions seem to be Na+-dependent since Na+ removal
from basolateral solution almost completely abolished the
TMP-induced ISC, suggesting involvement of basolateral
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Na+-dependent transporting mechanisms, i.e., both Na+HCO3– cotransporter[28] and Na+-K+-2Cl– cotransporter[29]
are implicated in secondary active Cl– and HCO3– secretion
in many epithelia including the intestine.
The results of the present study suggest that CFTR is
the likely candidate pathway for apical Cl– and HCO3– exit
since the TMP-evoked anion secretion was completely
inhibited by glibenclamide and DPC, which are known to
block CFTR[25,30], but not by DIDS which has no effect on
the activity and conductance of CFTR [31]. The strong
evidence indicating the involvement of CFTR came from
the studies on CF mice with CFTR homozygous mutation.
The complete abolition of the TMP-induced response in
CFTR mutated colonic mucosa suggests that both TMPstimulated Cl– and HCO3– secretions are mediated by CFTR,
which is consistent with an important role of CFTR in
HCO3– as well as Cl– secretion in many epithelial tissues[32].
It is interesting to note that removing Cl– or HCO3– alone
from the bathing solution resulted in 58.4% and 70.8%
attenuation in TMP-induced ISC, respectively. The summated
inhibition is more than 100%, suggesting interaction between
the two ions, possibly during their transport by CFTR. The
phenomena that the presence of one ion interferes with
the transport of another ion have been previously reported
to be associated with CFTR [33] . In native guinea pig
pancreatic duct cells, CFTR is between 3-5 times more
selective for Cl– over HCO3–; however, extracellular HCO3–
significantly inhibits CFTR current carried by Cl –. The
interaction between Cl– and HCO3- secretion may also have
physiological bearing in the colon, the details of which,
especially the role of CFTR, remain to be elucidated.
The involvement of CFTR also suggests that the effect
of TMP is mediated primarily by the cAMP-dependent
pathway since CFTR is a cAMP-activated Cl– channel[34]
and mainly responsible for cAMP-dependent anion
secretion [35]. The amount of cAMP available to activate
PKA to phosphorylate CFTR is determined by the balance
between cAMP production by AC and cAMP hydrolysis by
PDE[36]. cAMP can be stimulated either by activation of
AC or inhibition of PDE. The observation that TMP failed
to further increase the ISC, or lack of additive effect after a
maximal stimulation with forskolin (AC activator) or IBMX
(PDE inhibitor) suggests that the signaling pathway mediating
the effect of TMP may overlap with the cAMP pathway.
These indicate that TMP, forskolin and IBMX share a
common intracellular pathway (i.e., a rise in [cAMP]i). This
notion is further supported by the inhibition of the TMP
responses by H89, an inhibitor of PKA, which is the primary
target for intracellular cAMP. The present results obtained
from RIA studies demonstrate an enhancement of
intracellular cAMP by TMP in the rat colon.
While there is no question about the involvement of
cAMP in mediating the TMP effect, how TMP activates
intracellular cAMP remains to be elucidated. Previous studies
reported that the antiplatelet activity of TMP is due to the
enhancement of intracellular cAMP by acting as a PDE
inhibitor[19]. Although we do not have any substantial evidence
to support this, the asymmetrical ISC response to apical and
basolateral challenge of TMP sug gests differential
distribution of the component(s) of the signaling pathway
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involved. In this regard, it is interesting to note that PDE
subtypes are differently localized in the apical and basolateral
membrane domains of T84 colonic epithelial cells[8]. Therefore,
the more potent effect of TMP observed when applied to
the basolateral membrane can be explained by the presence
of greater amount of a certain PDE subtype in the
basolateral domain of the colonic mucosa, if TMP is indeed
acting as a PDE inhibitor. Further studies along this line are
necessary in order to understand the detail mechanism of
cAMP activation by TMP.
It should be mentioned that while the TMP effect does
not appear to involve the enteric nervous system, portion
of the TMP effect could be blocked by indomethacin, an
inhibitor of PG synthesis, indicating the involvement of
PG which is well known for its function as the mediator of
other secretagogues and acts by stimulating AC in the intestinal
epithelium[37]. The present studies also demonstrate that both
the indomethacin-sensitive and indomethacin-insensitive
TMP response could be blocked by H 89 indicating the
involvement of cAMP in both cases. Therefore, TMP may
indirectly activate cAMP via PG, apart from its possible
direct action as a PDE inhibitor.
Although previous studies demonstrating effects of
TMP on cardiac vascular function[17] have suggested its
action on the Ca2+ pathway, the present results suggest that
TMP acts primarily on the cAMP but not on the Ca 2+
pathway, at least for the concentration range used in the
present study. However, it should be noted that the
treatment with BAPTA-AM in the present study did appear
to reduce the TMP response although the effect was not
significant. Therefore, TMP might have a minor action on
the Ca 2+-dependent pathway, which may also be TMP
concentration dependent. We have preliminary data
indicating increased Ca 2+ involvement with increased
TMP concentrations. Further studies using direct Ca 2+
measurement may be required to clarify this.
The effect of TMP on colonic anion secretion by a
primary action on the cAMP pathway is consistent with our
previous studies with Bak Foong Pills, indicating that TMP
may be an active compound responsible for mediating the
stimulatory effect of Bak Foong Pills on colonic anion
secretion previously observed[15]. Since Cl– secretion is the
main driving force for fluid secretion across the colon[9],
and HCO3– secretion at the luminal surface is considered
to have a decisive influence on a constant pH microclimate
sustenance[38], the ability of TMP to enhance the secretion
of these anions secretion may have implications in future
development of alternative treatment for constipation. Most
importantly, as an active compound of many popular
traditional Chinese medicines, TMP has been in clinical use
with trivial side effects and few clinically relevant drug
interactions reported. Taken together, TMP may have
therapeutic potential for treatment of constipation caused by
disturbance of electrolyte and fluid transport in the GI tract.
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Abstract
AIM: To establish a simplified method for generating
peptide-major histocompatibility complex (MHC) class I
tetramers.
METHODS: cDNAs encoding the extracellular domain of
human lymphocyte antigen (HLA)-A*0201 heavy chain
(A2) and β2-microglobulin (β2m) from total RNA extracted
from leukocytes of HLA-A2+ donors were cloned into separate
expression vectors by reverse transcription-polymerase
chain reaction. The recombinant A2 and β2m proteins were
expressed in Escherichia coli strain BL21(DE3) and recovered
from the inclusion body fraction. Soluble A2 proteins loaded
with specific antigen peptides were refolded by dilution
from the heavy chain in the presence of light chain β2m
and HLA-A2-restricted peptide antigens. The refolded A2
monomers were biotinylated with a commercial biotinylation
enzyme (BirA) and purified by low pressure anion exchange
chromatography on a Q-Sepharose (fast flow) column.
The tetramers were then formed by mixing A2 monomers
with streptavidin-PE in a molar ratio of 4:1. Flow cytometry
was used to confirm the expected tetramer staining of
CD8+ T cells.
RESULTS: Recombinant genes for HLA-A*0201 heavy
chain (A2) fused to a BirA substrate peptide (A2-BSP) and
mature β2m from HLA-A2+ donor leukocytes were successfully
cloned and highly expressed in E. coli. Two soluble monomeric
A2-peptide complexes were reconstituted from A2-BSP
in the presence of β2m and peptides loaded with either
human cytomegalovirus pp65495-503 peptide (NLVPMVATV,
NLV; designated as A2-NLV) or influenza virus matrix

protein Mp58–66 peptide (GILGFVFTL, GIL; designated
as A2-GIL). Refolded A2-NLV or A2-GIL monomers were
biotinylated and highly purified by single step anion exchange
column chromatography. The tetramers were then formed
by mixing the biotinylated A2-NLV or A2-GIL monomers with
streptavidin-PE, leading to more than 80% multiplication
as revealed by SDS-PAGE under non-reducing, unboiled
conditions. Flow cytometry revealed that these tetramers
could specifically bind to CD8+ T cells from a HLA-A2+ donor,
but failed to bind to those from a HLA-A2- donor.
CONCLUSION: The procedure is simple and efficient for
generating peptide-MHC tetramers.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Cytotoxic T lymphocytes (CTLs), or CD8+ T cells, play a
critical role in the clearance of viral infections and the
eradication of tumors[1]. A better understanding of cellular
immunity against viruses and/or tumor cells requires careful
analysis of the responding CD8+ T cells, particularly in terms
of their numbers and effector functions[2]. Because specific
CD8+ T cells are often vastly outnumbered by irrelevant T
cells, quantification of antigen-specific T cells often requires
in vitro culture and re-stimulation, which may introduce bias
in the results[2]. The standard method for deriving specific CTL
frequency information is limiting dilution analysis (LDA)[2].
However, accumulating evidence indicates that this technique
may significantly underestimate the number of specific
CTLs, because it does not detect cells that lack proliferative
potential[2,3]. This limitation has been overcome by the
introduction of peptide-major histocompatibility complex
(MHC) class I tetrameric complex technology[3-6], which
initiates a profound revolution in the field of cellular
immunology[7-10]. Peptide-MHC tetramer-based assays have
enabled direct flow cytometric quantification[3-6], phenoty-
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ping[3,8-11] and even functional analysis[8,11] of antigen-specific
CD8+ T cells. Thus, peptide-MHC tetramer technology is
a powerful tool for evaluating the fundamental aspects of
T-cell immunity.
Though tetramer technology for direct quantification
of the frequency and/or function of antigen-specific CTLs
has been generally accepted, wide application of tetramer
strategies is limited by the complex procedures necessary
for tetramer production[3]. Moreover, the expression level
of recombinant human MHC class I heavy chain in Escherichia
coli is usually minimal due to the low translation frequency
of human proteins in E. coli[12]. To address these problems,
we sought to develop a simplified and efficient method for
production of peptide-MHC class I tetramers. We constructed
prokaryotic expression vectors for recombinant human
lymphocyte antigen (HLA)-A2 heavy chain and β 2microglobulin (β2m) proteins, in which nucleotide residues
in the translation initiation region (TIR) were substituted to
the preferred codons for E. coli[13] and decreased the G/C
content in this region[14]. The recombinant A2 and β2m
proteins were overexpressed in E. coli in the form of
inclusion bodies, thus facilitating their high purity isolation
by simple washing and centrifugation. Further simple
procedures allowed us to establish an efficient, streamlined
procedure for the preparation of HLA-A2 tetramers. This
improved procedure should facilitate the general application
of tetramer technology in both basic research and clinical
applications.

MA
TERIALS AND METHODS
MATERIALS
Materials
E. coli strain DH5α was stored in our laboratory. E. coli strain
BL21(DE3) and plasmid pET-3c were purchased from
Novagen (Madison, WI, USA). NdeI, BamHI, T4 DNA
ligase and high fidelity DeepVent Taq polymerase were
purchased from New England Biolabs (Beverly, MA, USA).
The TRIzol reagent and ThermoScript reverse transcriptionpolymerase chain reaction (RT-PCR) system were obtained
from Invitrogen (Carlsbad, CA, USA). Q-Sepharose (fast flow)
was obtained from Amersham (Uppsala, Sweden). Mouse antihuman monoclonal antibodies CD3-FITC, CD8-CyChrome
and HLA-A2-FITC were purchased from PharMingen (San
Diego, CA, USA). Streptavidin R-phycoerythrin (PE)
conjugate (streptavidin-PE) was purchased from Molecular
Probes (Eugene, OR, USA). Protein molecular mass markers
were obtained from Sigma (St. Louis, MO, USA). The
biotinylation enzyme, BirA, was purchased from Avidity
(www.avidity.com). The NLVPMVATV (NLV) peptide
derived from pp65 (pp65 495-503) of HCMV [11], and the
GILGFVFTL (GIL) peptide derived from the matrix protein
(Mp58-66) of the influenza A virus[15], were synthesized by
BioAsia (Shanghai, China) and purified to >98%. All other
chemicals were from Sigma and were analytically pure.
Cloning of HLA-A*0201 heavy chain and β2m cDNAs
Heparinized human peripheral blood was collected from
three HLA-A2 positive (identified by anti-human HLA-A2FITC staining and flow cytometric analysis) donors by
venipuncture. Total RNA was extracted from freshly isolated
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PBMCs using the TRIzol reagent. cDNAs were synthesized
from the isolated RNA using the ThermoScript RT-PCR
system according to the recommended procedure. PCR
amplification of the resultant cDNA was performed in a
total volume of 50 µL containing high fidelity DeepVent
Taq polymerase. For amplification of β 2m, PCR was
performed with an initial denaturation for 2 min at 94 ,
for 30 s, 55
for 30 s and
followed by 35 cycles of 94
for 1 min, and a final extension for 10 min at 72 .
72
The primers (5’-ATA TCC ATA TGT CTC GCT CCG TGG
CCT TAG-3’ and 5’-AAC TAG GGA TCC TTA CAT GTC
TCG ATC CCA C-3’) were designed to amplify the entire
coding sequence of human β2m cDNA. For amplification
of the mature HLA-A*0201 heavy chain, PCR was performed
as above except that the extension time at 72 was 1.5 min
and the primers (5’-TAT ACA TAT GGG CTC TCA CTC
CAT GAG GTA TTT C-3’ and 5’-AAC CAG GGA TCC
TAC ACT TTA CAA GCT GTG AGA G-3’) were designed
to amplify the entire coding sequence of mature A2. The
resultant PCR products were cloned into the NdeI–BamHI
sites of the pET-3c vector. Randomly selected clones were
NdeI/BamHI digested and screened for the presence of a
correctly sized insert. Several independent clones were
submitted for DNA sequencing of the HLA-A*0201 heavy
chain cDNA using the dye-labeled deoxy-terminator protocol
on a 377 automated DNA sequencer (Applied Biosystems).
The cloned β 2m cDNA was also confirmed by DNA
sequencing analysis.
Construction of expression vector for mature β2m
To create a β2m expression construction with optimized codon
usage and G/C content, the DNA fragment for mature
β2m was PCR amplified from the cloned β2m cDNA using
specific primers (5’-AT ATC CAT ATG ATT CAA CGT
ACT CCA AAA ATT CAA GTT TAC TCA CGT CAT
CC-3’ and 5’-CGA CTG GAT CCT TAC ATG TCT CGA
TCC CAC TTA AC-3’). The underlined codons were optimized
for expression in E. coli[13] by synonymous substitutions from
ATC, CAG, AAG, CAG to ATT, CAA, AAA and CAA,
respectively. These alterations also reduced the G/C content
in the TIR. The resulting PCR product was inserted into
the NdeI-BamHI sites of the pET-3c vector, and a positive
clone with a correct sized insert was confirmed by DNA
sequencing. This recombinant plasmid was designated as
pET-β2m.
Construction of expression vector for extracellular domain of
HLA-A2 heavy chain fused with BirA substrate peptide (BSP)
To construct an expression vector in which the HLA-A2 heavy
chain was fused with BSP, the DNA fragment encoding a
Gly-Ser linker and a BSP (LHHILDAQKMVWNHR) was
fused to the 3’ end of the cDNA encoding the extracellular
domain of the HLA-A2 heavy chain (1-275) by PCR
amplification from cloned HLA-A2 heavy chain cDNA with
specific primers (5’- ATA CAT ATG GGT TCT CAT TCT
ATG CGT TAT TTT TTT ACA TCT GTT TCC CGG
CCC GGC CGC-3’ and the 3’ primer 5’-GCG CGG ATC
CTT AAC GAT GAT TCC ACA CCA TTT TCT GTG
CAT CCA GAA TAT GAT GCA GAG AGC CCG GCT
CCC ATC TCA GGG T-3’). The underlined codons were
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optimized for expression in E. coli[13], and reduced the G/C
content without any changes in amino acid sequence. These
codons were changed from GGC, CAC, TCC, AGG, TTC,
TTC, TCC and GTG, respectively. The resultant PCR
product was NdeI/BamHI digested and subcloned into
plasmid pET-3c. Clones with correct sized inserts were
verified by direct sequencing, and the recombinant plasmid
was designated as pET-A2-BSP.
Expression and isolation of recombinant A2-BSP and β2m
proteins
BL21(DE3) competent cells were transformed with either
pET-β2m or pET-A2-BSP, single colonies were used to
inoculate 100 mL of LB medium, and cultures were
incubated at 37 overnight until cells reached the stationary
phase. Each stationary culture was diluted 10-fold with fresh
LB medium (to 1 L) and incubated at 37 for a further 2 h,
0.4 mmol/L isopropyl β-D-thiogalactopyranoside (IPTG)
was added, and cells were incubated for an additional 4 h.
Cells were collected by centrifugation, and insoluble protein
aggregates (inclusion bodies) were purified essentially as
described[16]. In brief, each cell pellet was re-suspended in
50 mmol/L Tris-HCl buffer (pH 8.0) containing 1 mmol/L
EDTA, 0.1 mmol/L phenylmethylsulfonyl fluoride (PMSF)
and 10 mmol/L dithiothreitol (DTT), and then sonicated
on ice. The insoluble pellet was collected by centrifugation
and washed with washing buffer (50 mmol/L Tris-HCl pH
8.0, 100 mmol/L NaCl, 1 mmol/L EDTA, 1 mmol/L DTT
and 5 g/L Triton X-100), followed by three more rounds
of sonication, centrifugation and collection. The pellet was
washed three more times with washing buffer without Triton
X-100 and the isolated inclusion body pellet was dissolved
in 20 mmol/L 2-(N-morpholino)ethanesulfonic acid (pH
6.0, containing 8 mol/L urea, 10 mmol/L EDTA, and
0.1 mmol/L DTT). The insoluble material was pelleted by
centrifugation and removed. The protein concentration of
the remaining solution was determined by measuring A280 nm
and A260 nm, and calculated according to the empirical formula
(1.45×A280 nm-0.74×A260 nm = protein concentration in mg/mL).
The protein solution was immediately frozen at -70 .
Refolding of monomeric HLA-A2
The HLA-A2 monomers were refolded essentially as
described by Garboczi and Wiley[17], with slight modifications.
Briefly, 2 mg of peptide (NLV or GIL peptide) dissolved
in DMSO was added in drops to 200 mL of pre-chilled
refolding buffer (100 mmol/L Tris-HCl pH 8.0, containing
400 mmol/L L-arginine, 2 mmol/L EDTA, 5 mmol/L
reduced glutathione, 0.5 mmol/L oxidized glutathione and
0.2 mmol/L PMSF). Then, 6 mg A2-BSP in 1 mL injection
buffer containing 3 mol/L guanidine–HCl pH 4.2, 10 mmol/L
sodium acetate and 10 mmol/L EDTA was forcefully injected
to the stirring reaction through a 26-gauge needle as close
to the stir bar as possible. Five micrograms of β2m was
injected similarly, and the refolding mixture was incubated
for 3 d. At the end of the incubation, 200 mL of
at 10
the refolding mixture was concentrated to 5 mL with an
ultrafiltration apparatus (Amicon, Millipore, Bedford, MA,
USA) containing a 10 ku molecular mass cut-off membrane,
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and dialyzed against 10 mmol/L Tris-HCl buffer (pH 8.0,
containing 0.2 mmol/L PMSF). The refolded monomeric
HLA-A2 was centrifuged to eliminate precipitates, and then
biotinylated.
Biotinylation and purification of monomeric HLA-A2
The refolded HLA-A2 was enzymatically biotinylated by
incubation with BirA according to the procedure provided by
the supplier (Avidity Co.). The biotinylated HLA-A2 was dialyzed
against 10 mmol/L Tris-HCl buffer (pH 8.0, containing
0.2 mmol/L PMSF) and loaded onto an anion-exchanger
Q-Sepharose column (2 cm×8 cm) equilibrated with the
same buffer. The column was eluted with a 0-300 mmol/L
NaCl linear gradient, and 1.5 mL fraction was collected.
Fractions exhibiting both HLA-A2 heavy chain and β2m
bands upon SDS-PAGE analysis were pooled and concentrated
to 300 µL. The buffer of the biotinylated HLA-A2 was
changed to 0.01 mol/L phosphate-buffered saline (PBS, pH
7.4) containing 0.2 mmol/L PMSF and 2 mmol/L EDTA
through ultrafiltration.
Tetramerization of soluble HLA-A2 monomers
HLA-A2 tetramers were formed by mixing the biotinylated
proteins with streptavidin-PE at a molar ratio of 4:1.
Tetramers were analyzed by SDS-PAGE of samples prepared
without boiling, in a loading buffer that contained no reducing
reagent[10].
Tetramer staining and flow cytometry
Peripheral blood mononuclear cells (PBMCs) were
separated from 3 mL whole blood of two volunteers (over
40 years) by centrifugation over a Ficoll-Hypaque density
gradient (Lymphoprep; NYCOMED, Norway). For staining,
1×106 cells suspended in 50 µL PBS containing 20 mL/L
fetal calf serum and 1 g/L sodium azide were incubated on
ice for 1 h with 10 µL of CD3-FITC, 10 µL of CD8-CyChrome
and 1 µg of HLA-A2 tetramer. After being washed, the
cells were fixed in 300 µL of 10 g/L paraformaldehyde
and detected on a FACSCalibur flow cytometer (Becton
Dickinson, San Jose, CA, USA). For each sample, 50 000
events were collected and analyzed with the CELLQuest
software (Becton Dickinson). The results were expressed
as the percentages of tetramer-binding cells in the total T
cell population.

RESUL
TS
RESULTS
Cloning of cDNA for HLA-A*0201 heavy chain and β2m
The cDNA encoding the mature HLA-A2 heavy chain was
RT-PCR amplified from total RNA of three HLA-A2
positive donors (identified as such by flow cytometry after
anti-HLA-A2-FITC staining). The DNA fragments with the
expected length (1 100 bp) were inserted into pET-3c, and
eight independently transformed DH5a clones were identified
to have the correct insert (Figure 1). DNA sequencing of
these clones showed that six clones from donors 1 and 2
contained the cDNA for HLA-A*0201 heavy chain
(designated pET-A2), while those from donor 3 contained
the cDNA for HLA-A*0207 heavy chain. The cDNA sequence
for HLA-A*0201 was submitted to GenBank (accession
number AY191309).
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Figure 1 Identification of clones with correct sized inserts, using NdeI/BamHI
double digestion. Lanes 1 and 4-8: pET-A2 clones from donors 1 and 2; lanes
2 and 14: pET-3c; lanes 3 and 11: 200-bp DNA ladder; lanes 9 and 10: pET-A2
clones from donor 3; lanes 12 and 13: pET-A2-BSP.

Similarly, the cDNA encoding β2m was cloned from
the total RNA of one donor and inserted into pET-3c (data
not shown). The sequence was verified by DNA sequencing
and found to be identical to the published one (submitted
to GenBank, accession number AY187687).
Construction of expression vectors for recombinant A2-BSP
and β2m proteins
According to Altman’s strategy[3], the DNA fragment encoding
a Gly-Ser linker and a BSP (LHHILDAQKMVWNHR)
was fused to the 3’ end of the DNA fragment encoding the
extracellular domain of HLA-A*0201 heavy chain (residues
from 1 to 275) by PCR amplification of plasmid pET-A2.
In order to increase the expression level in E. coli, our primers
introduced synonymous substitutions at the 5’ region, intended
to reduce the G/C content of the TIR and to optimize
codons for the bias usage of E. coli[13,14]. The amplified DNA
fragment (900 bp) was inserted into pET-3c. Two clones
with the correct insert were confirmed by DNA sequencing,
and the generated expression vector was designated as pETA2-BSP (Figure 1).
The expression vector for mature β2m was similarly
constructed by PCR amplification using cloned β2m cDNA
as template. The codons at the 5’ region were optimized
for better expression of β2m in E. coli. The sequence of
the insert was verified by DNA sequencing, and the vector
was designated as pET-β2m.
Refolding and biotinylation of monomeric HLA-A2
The expression vectors pET-A2-BSP and pET-β2m were
transformed into E. coli BL21(DE3). The cells showed leaky
expression of the two proteins, and the expression levels
increased dramatically after induction with IPTG (Figure 2).
The molecular mass of the recombinant β2m was approximately
12 ku, which was consistent with that of native human
β 2m, while the engineered A2 heavy chain-BSP fusion
protein (A2-BSP) had the expected molecular mass of 33 ku.
The expression levels of these two recombinant proteins
accounted for more than 20% of the total cellular proteins
(Figure 2). The yields were approximately 32 and 50 mg/L
for A2-BSP and β2m, respectively. Western blotting showed
that the recombinant β2m could react with antibodies against
human native β2m (data not shown). HLA-A2 heavy chain
expression was not analyzed by Western blotting, because
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Figure 2 SDS-PAGE (150 g/L) analyses of recombinant A2-BSP and β 2m
proteins expressed in E. coli strain BL21(DE3). Lane 1: BL21 (pET-β2m) before
IPTG induction; lane 2: BL21 (pET-β2 m)+IPTG; lane 3: supernatant of BL21
(pET-β 2m) lysate; lane 4: washed inclusion body of β2m; lane 5: MW marker;
lane 6: BL21 (pET-3c)+IPTG; lane 7: BL21 (pET-A2-BSP) before IPTG induction;
lane 8: BL21 (pET-A2-BSP)+IPTG; lane 9: supernatant of BL21 (pET-A2-BSP)
lysate; lane 10: washed inclusion body of A2-BSP. HC: heavy chain.
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Figure 3 Analyses of refolded A2-GIL (A) and A2-NLV (B) monomers after
purification and biotinylation with SDS-PAGE (150 g/L). In (A) lane 1: protein MW
marker; lane 2: solubilized β2m; lane 3: solubilized A2-BSP; lane 4: refolded A2GIL monomer; lane 5: biotinylated A2-GIL monomer; lane 6: peak I (β2m) (Figure 4);
lane 7: peak II (purified A2-GIL). In (B) lane 1: protein MW marker; lane 2:
refolded A2-NLV monomer; lane 3: biotinylated A2-NLV monomer; lane 4: peak
I (β2m); lane 5: peak II (purified A2-NLV). HC: heavy chain.

no suitable antibody was available. Both A2-BSP and β2m
were largely expressed in the insoluble fraction (inclusion
bodies), which facilitated purification through simple washing
and centrifugation (Figure 3, lanes 2 and 3).
Monomeric HLA-A2 was refolded by dilution of A2BSP and β2m with refolding buffer in the presence of HLAA*0201-restricted antigenic peptides. Two peptides were
used to reconstitute the HLA-A2 complex. One was the
immunodominant NLVPMVATV (NLV) peptide, which was
derived from pp65 (pp65495-503) of HCMV[11] and used to
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reconstitute the HLA-A2-NLV (hereafter referred to as A2NLV) complex. The other was the predominant CTL epitope
GILGFVFTL (GIL) peptide derived from the matrix protein
(Mp58-66) of influenza A virus[15], which was used to reconstitute
the HLA-A2-GIL (referred to as A2-GIL) complex. The
yield of refolding was about 10-15%. The refolded A2NLV and A2-GIL complexes appeared as two bands (A2BSP and β2m) on SDS-PAGE (Figure 3). After biotinylation,
each complex was purified by single Q-Sepharose column
chromatography. Typically, three peaks eluted from the
column, as shown by monitoring of absorbance at 280 nm
(Figure 4). Soluble β2m eluted as the first peak. The second
peak comprised the desired soluble HLA-A2 complex (A2NLV or A2-GIL) consisting of a heavy chain and β2m
(Figure 3), which was of 95% purity as analyzed with the
PhotoCapt Ver11.01 software (Vilber Lourmat, France).
The fractions in this peak were pooled and concentrated by
ultrafiltration. The third peak contained non-protein materials
with a much higher absorbance at 260 nm than at 280 nm.
Refolding without peptide (negative control) yielded no
stable HLA-A2 complex.

40

Figure 4 A typical elution profile of biotinylated HLA-A2 monomer from QSepharose (fast flow) column (2 cm×8 cm).

Formation of HLA-A2 tetramers
HLA-A2 tetramers were formed by mixing the biotinylated
A2-NLV or A2-GIL monomers with streptavidin-PE at a
4:1 molar ratio. SDS-PAGE analysis of the HLA-A2 tetramers
could be used to estimate the extent of tetramer formation,
because the complex formed between streptavidin and biotin
was stable in the absence of boiling treatment and DTT[10].
As shown in Figure 5, the single main band observed in the
lanes of monomeric A2-NLV or A2-GIL corresponded to
the 33 ku heavy chain, as β2m quickly migrated to the bottom
of the gel. Software analysis (PhotoCapt Ver11.01) showed
that the amount of heavy chain in the A2-NLV tetramer
lane was about 10-20% of that in the lane containing
monomeric HLA-A2, indicating that about 80% of the A2NLV monomer formed multimers with streptavidin-PE.
The A2-GIL tetramer showed a similar extent of multimer
formation.
Staining of CTLs with HLA-A2 tetramers
Finally, the A2-NLV and A2-GIL tetramers were tested by
flow cytometry for their abilities to identify HCMV- or
influenza-specific CD8+ T cells in freshly isolated PBMCs
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from HLA-A2 positive and negative donors. PBMCs were
analyzed by three-color flow cytometry after A2-NLV and
A2-GIL tetramer staining. Background staining was performed
with streptavidin-PE instead of the tetramers.
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Figure 5 SDS-PAGE (75 g/L) analyses of A2-NLV and A2-GIL tetramers under
non-reducing conditions without boiling. Lane 1: protein MW marker; lane 2:
empty; lane 3: A2-NLV monomer (5 µg); lane 4: A2-NLV tetramer (5 µg A2-NLV
monomer+8 µg streptavidin-PE); lanes 5 and 8: streptavidin-PE (8 µg); lane 6:
A2-GIL monomer (5 µg); lane 7: A2-GIL tetramer (5 µg A2-GIL monomer+8 µg
streptavidin-PE). HC: heavy chain.

Subpopulations of CD8 + T cells specific for either
pp65495-503 or Mp58-66 epitopes were found in HLA-A2 positive
donors by A2-NLV or A2-GIL tetramer staining. Of the
total T cells, 0.19% were stained by the A2-NLV tetramer,
while 0.17% bound to the A2-GIL tetramer (Figure 6).
However, only 0.07% and 0.12% of T cells from the HLAA2 negative donor were nonspecifically stained by the A2NLV or A2-GIL tetramers, respectively, which was comparable
to the control staining with streptavidin-PE (0.06%). This
result suggests that these tetramers are quite specific for
MHC-restricted T cells.

DISCUSSION
As the current method of limiting dilution assay (LDA) tends
to underestimate CTL frequency[2,3], other methods have
been sought for the quantification of antigen-specific CD8+
T cells in immune responses. T cell antigen receptors (TCR)
expressed on CD8+ T cells can recognize peptide-MHC
complexes, the specific ligands on the antigen-presenting
cells (APCs). Therefore, direct staining of CD8+ T cells
with their soluble cognate ligands should be an ideal approach.
However, the strategy initially failed because soluble monomeric
peptide-MHC complexes have low affinities for the T-cell
receptor (TCR)[1-3]. This obstacle has been overcome by
Altman et al.[3]. Tetramer reagents have been shown to bind
specifically to cognate T cells in numerous systems, allowing
fast and direct quantification of antigen-specific T cells by
flow cytometry[3,4,8,9,18-20]. Thus, tetramer-based assays have
become a powerful new technology for detecting antigenspecific T cells[4,8,21]. However, the general application of
this strategy is limited by the complex, labor intensive
protocols required for preparing specific peptide-MHC
tetramers.
It is difficult to prepare a large amount of MHC class I
heavy chain, because the translation efficiency in E. coli is very
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low. However, optimization of codons in the TIR has been
shown to increase translation efficiency[14]. Sato et al.[12],
found that the expression of wild type HLA-A*2402 heavy
chain in E. coli is undetectable, whereas a synonymous mutant
in which the TIR mammalian usage codons are replaced by
those of E. coli, can be expressed at high levels. Lakey et al.[22],
showed that the production of recombinant mycobacterial
proteins increases 54-fold following selective replacement
of low-usage E. coli codons in mycobacterial proteins with
high-usage E. coli codons. In addition, the high G/C content
in the TIR can block the expression of human proteins in
E. coli [14]. The previous paper did not include a detailed
description of the expression vector or E. coli system, instead
of referring readers to the system used by Garboczi[17], in
which no codon or G/C content changes were described.
In the present study, recombinant proteins were expressed
largely in the form of inclusion bodies, which greatly
facilitated isolation and purification of the refolded peptideMHC complexes, thus simplifying the tetramer preparation
procedure. In addition to the difficulty in obtaining a large
amount of MHC heavy chain, the practical application of
tetramers is also limited by the complexity of the necessary
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preparation procedures. In this study, we reconstituted the
monomeric HLA-A2 complexes based on the dilution
strategy described by Garboczi[17]. After biotinylation, the
HLA-A2 monomer could be highly purified by single step
ion-exchange chromatography. It should be noted that the
purification in the present study was carried out in a low
pressure chromatography system requiring no HPLC facilities,
whereas the previous protocol included three purification
steps with high performance column chromatography[3].
The results of this study indicate that the generated
reagents can be used for the detection of antigen-specific
T cells. Our novel procedure for generating tetramers should
be applicable for preparing other HLA-A2 tetramers or for
generating tetramers of other human MHC class I alleles.
Tetramer technology is primarily used to determine the
frequency of antigen-specific T cells [3-5], and has been
extensively used in evaluating the dynamics of cytomegalovirus
(CMV)-specific CTL responses in humans[5-7,9,11]. It is generally
believed that adults over 40 years in developing countries
are almost 100% CMV positive[9], and that the pp65495-503
NLV peptide (NLVPMVATV) is the predominant CMV
epitope presented by HLA-A2 molecules[11,23]. Quantification
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Figure 6 Flow cytometry of antigen-specific CD8+ T cells stained with A2-NLV
tetramer (panels E and F) and A2-GIL tetramer (panels G and H) from both HLA-
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A2 positive (B) and negative (A) donors. Background staining was performed
with streptavidin-PE instead of the tetramers (C and D).
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of specific T cells in the peripheral blood of healthy CMV
carriers using an A2-NLV tetramer demonstrated that the
percentage of NLV-specific CTLs in CMV carriers is about
0.02-6.19% within the CD8+ T cell population[24]. In our
study, tetramer staining showed that there were 0.19% NLVspecific CTLs among total T cells from the peripheral blood
of a randomly selected HLA-A2-positive volunteer over
40 years, confirming again that NLV dominates the HLA-A2restricted cellular immune response against CMV[23]. There
is substantial evidence that quantification of NLV-specific
CTLs by tetramers is of clinical significance [5-7,9,11,24,25].
Despite antiviral therapy, CMV remains an important cause
of morbidity and mortality after allogeneic stem cell
transplantation (SCT)[26]. Through direct quantification of
CMV-specific CD8 + T cells using A2-NLV tetramers,
several studies demonstrated that recovery of CMV-specific
CD8+ T cells after SCT is critical for protection against CMV
disease[6,7,25]. Accordingly, enumeration of HLA-restricted,
CMV-specific CD8+ T cells by tetramer technology in grafts,
and monitoring of these cells after SCT may constitute a
rapid and sensitive tool for identifying SCT recipients at risk
for developing CMV disease. Hence, tetramer technology is
of value both in the development of novel transplant protocols
and in clinical management of individual cases[5-7,9,25].
It is also possible to combine tetramer staining with other
flow cytometry-based assays to gain more phenotypic or even
functional information on antigen-specific CTLs[3,8,10,12]. For
example, tetramer staining can be combined with intracellular
detection of cytokines (e.g. interferon-γ), chemokines (e.g.
macrophage inflammatory protein 1α), and cytotoxins (e.g.
perforin/granzymes) following in vitro antigen/mitogen
stimulation to assess the functional status of tetramer-positive
T cells[27,28]. Moreover, tetramers can be used in the isolation
of antigen-specific cells for characterization and even
expansion of immunotherapeutic use[11,25,29]. Conjugation of
a specific tetramer with antibodies against a tumor-associated
antigen has been used to redirect CMV-specific CTLs to
kill tumor cells by binding to the surface of tumor cells and
sensitizing them to lysis by tetramer-specific CTLs, suggesting
the potential therapeutic application of tetramers[30]. Thus,
tetramer technology has opened new routes for further study
of T-cell responses and tumor immunotherapy.
In summary, we have established a simplified and efficient
procedure for generating peptide-MHC tetramers, a highly
specific and very useful reagent with a number of important
applications in cellular immune response studies. The present
method may provide an alternative method for the preparation
of MHC class I tetramers, and promote the use of this
exciting technology.
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Abstract
AIM: To examine an association between the cytotoxic Tlymphocyte antigen 4 (CTLA4) gene that plays a role in
downregulation of T-cell activation and inflammatory
bowel disease consisting of ulcerative colitis (UC) and
Crohn’s disease (CD) in the Japanese.
METHODS: We studied 108 patients with UC, 79 patients
with CD, and 200 sex-matched healthy controls, with
respect to three single nucleotide polymorphisms (SNPs)
in CTLA4, such as C-318T in the promoter region, A+49G
in exon 1 and G+6230A in the 3’ untranslated region (3’UTR) by a PCR-restriction fragment length polymorphism
method, and to an (AT)n repeat polymorphism in 3’-UTR
by fragment analysis with fluorescence-labeling on
denaturing sequence gels. Frequency of alleles and
genotypes and their distribution were compared statistically
between patients and controls and among subgroups of
patients, using χ2 and Fisher exact tests.
RESULTS: The frequency of “A/A” genotype at the
G+6230A SNP site was statistically lower in UC patients
than in controls (3.7% vs 11.0%, P = 0.047, odds ratio
(OR) = 0.311). Moreover, the frequency of “G/G” genotype
at the A+49G SNP site was significantly higher in CD

patients with fistula (48.6%) than those without it (26.2%)
(P = 0.0388, OR=2.67).
CONCLUSION: The results suggest that CTLA4 located
at 2q33 is a determinant of UC and responsible for fistula
formation in CD in the Japanese.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Chronic inflammatory bowel disease (IBD) is a multifactorial
disorder characterized by non-specific inflammation of the
gastrointestinal tract, resulting in intestinal malabsorption
and immune defense abnormalities, especially an exaggerated
T-cell response[1,2]. Ulcerative colitis (UC) and Crohn’s disease
(CD) are common major forms of IBD. Although the etiology
of IBD remains unknown, both environmental and genetic
factors may contribute to the occurrence of this disorder[3,4].
Genome-wide linkage analyses and candidate gene-based
association studies have shown possible IBD-susceptibility
loci at 16q12 (IBD1), 12p13 (IBD2), 6p21 (IBD3), 14q11
(IBD4), 5q31-q33 (IBD5), 19p13 (IBD6), 1p36 (IBD7),
and 16p (IBD8)[5-7]. The caspase activating recruitment domain
15/nucleotide oligomerization domain 2 gene (CARD15/
NOD2) located at 16q12 is one of them, and its mutations
were associated with CD in the Caucasians, but not in the
Japanese[8-11]. This may be due to different genetic background
between the races.
As a candidate gene susceptible to IBD, we focused on
the cytotoxic T-lymphocyte antigen 4 (CTLA4) gene located
at 2q33, because CTLA4 is a T-cell receptor that binds to
B7-1 (CD80) and B7-2 (CD86) during antigenic stimulation
of T cells, and plays a role in downregulation of T-cell
activation against another competitive receptor, CD28, which
operates on upregulation of T-cell activation[12-14]. Since
CTLA4-deficient mice developed a lethal lymphoproliferative
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disease characterized by massive T-lymphocytic infiltration
in all tissues[15,16], diminution of downregulation of T-cell
activation through CTLA4 may result in an exaggerated Tcell response and subsequent continuous inflammation in the
gastrointestinal mucosae, probably leading to the development
of IBD. Three single nucleotide polymorphisms (SNPs) in
the human CTLA4, i.e., a C-318T SNP in the promoter
region[17], an A+49G SNP in exon 1[12], and a G+6230A
SNP in the 3’ untranslated region (3’-UTR) [18], and an
(AT) n repeat polymorphism in 3’-UTR [19] have been
reported. Current studies showed an association of CTLA4
polymorphic alleles with inhibitory function of CTLA4 at
the mRNA and protein levels in peripheral blood mononuclear
cells[20,21], and also with various autoimmune diseases, such
as Graves’ disease[18,22], rheumatoid arthritis [23], multiple
sclerosis [24], type I diabetes mellitus [18,25], Hashimoto’s
disease [18,26], and others [27-29], of which pathoetiology is
probably similar to IBD. However, there was no association
of two CTLA4 SNPs, C-318T and A+49G, with IBD in
both the Dutch and Chinese populations[30].
In this study, we examined on whether three CTLA4
SNPs, C-318T, A+49G, and G+6230A, and an (AT)n repeat
polymorphism in 3’-UTR are associated with IBD in the
Japanese.

MA
TERIALS AND METHODS
MATERIALS
Subjects
The subjects studied comprised 108 patients with UC, 79
patients with CD, and 200 gender-matched unrelated healthy
volunteers as controls (Table 1). All participants were Japanese
who were randomly recruited from eight general health
clinics in the Nagasaki district, Japan. The study protocol
was approved by the Committee for the Ethical Issue on
Human Genome and Gene Analysis in Nagasaki University,
and written informed consent was obtained from each
participant. Diagnosis of IBD was made according to
endoscopic, radiological, histological, and clinical criteria
provided by both the Council for International Organizations
of Medical Sciences in WHO and the International Organization
for the Study of Inflammatory Bowel Disease[31-33]. Patients
with indeterminate colitis, multiple sclerosis, systemic lupus
erythematosus, or other recognized autoimmune diseases
were excluded from the subjects studied.
Table 1 Clinical characteristics of study subjects
Patients with
Characteristics
Number of subjects

UC

CD

Controls

108

79

200

Age range (yr)

14-83

17-75

20-60

Age (mean±SD)

44.0±16.9b

34.5±12.7

32.5±11.1

Male/female (%)
b

57 (52.8)/51 (47.2) 47 (59.5)/32 (40.5) 125 (62.5)/75 (37.5)

P<0.01 vs controls.

Patients with UC were classified into three subgroups
according to age at onset (<40 or 40 years), localization
and extension of disease (pancolitis, left-sided colitis, or
proctitis), and presence or absence of colectomy as an
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indicator of severity. Likewise, patients with CD were
divided into subgroups according to age at onset (<40 or
40 years), localization and extension of lesions (ileum,
ileocolon, or colon), presence or absence of fistula, and
performance of operation such as partial resection of
intestine, and stricture plasty.
Determination of three SNPs and (AT)n repeat polymorphism
Genomic DNA was extracted from whole blood of each
subject using the DNA Extractor WB-rapid Kit (Wako,
Osaka, Japan) according to the manufacturer’s protocol.
Presence or absence of polymorphic alleles at three SNP
sites in the human CTLA4, a C/T SNP at nt -318 (C-318T)
in the promoter region[17], an A/G SNP at nt +49 in exon 1
(A-49G)[12], and a G/A SNP at nt +6 230 (G+6230A) in
3’-UTR[18], were determined with the PCR-restriction fragment
length polymorphism methods. Polymorphic region was
amplified by PCR with a GeneAmp PCR System 9700
thermal cycler (Applied Biosystems, Foster City, CA, USA)
using 150 µg of genomic DNA in a 25-µL reaction solution
containing 10 mmol/L Tris-HCl (pH 8.3), 50 mmol/L KCl,
1.5 mmol/L MgCl2, 0.2 mmol/L each dNTPs, 15 pmol of
forward primer: 5’-AATGAATTGGACTGGATGG-3’ and
reverse primer: 5’-TTACGAGAAAGGAAGCCGTG-3’ for
C-318T SNP[17]; forward primer: 5’-CTGAACACCGCTCCCATAAA-3’ and reverse primer: 5’-CCTCCTCCATCTTCATGCTC-3' for A+49G SNP; or forward primer: 5’TGATTCATTCAGTATCTGGTGGAG-3’ and reverse
primer: 5’-AGGGGAGGTGAAGAACCTGT-3’ for G+
6230A SNP, and 1 U Taq DNA polymerase. The amplification
for 5 min,
protocol comprised initial denaturation at 94
for 30 s, annealing at
35 cycles of denaturation at 94
60 (C-318T), at 65 (A+49G), and at 62 (G+6230A)
for 30 s, and extension at 72 for 30 s, and final extension
for 5 min. The PCR products were digested with
at 72
MseI (New England BioLabs Inc., Beverly, MA, USA), BbvI
(New England BioLabs Inc.), and TaiI (MBI Fermentas
Inc., Hanover, MD, USA), to detect C-318T, A+49G, and
G+6230A, respectively. All these products were subjected
to electrophoresis on a 6% polyacrylamide gels and visualized
with UV transilluminator (Alpha Innotech Co., San Leandro,
CA, USA).
A (AT)n repeat polymorphism in 3’-UTR of CTLA4[19]
was investigated by fragment analysis with fluorescencelabeling on denaturing sequence gels. Polymorphic region
was amplified by PCR using 150 µg of genomic DNA in a
25-µL reaction solution containing 10 mmol/L Tris-HCl
(pH 8.3), 50 mmol/L KCl, 1.5 mmol/L MgCl2, 0.2 mmol/L
each dNTPs, 15 pmoL of forward primer labeled with 6carboxyfluorescein dye (Applied Biosystems): 5’-GCCAGTGATGCTAAAGGTTG-3’ and reverse primer: 5’AACATACGTGGCTCTATGCA-3’, and 1 U Taq DNA
polymerase. The amplification protocol comprised initial
for 5 min, 35 cycles of denaturation
denaturation at 94
at 94 for 30 s, annealing at 64 for 30 s, and extension
for 30 s, and final extension at 72
for 5 min.
at 72
The PCR products were analyzed on a 6% denaturing
sequence gel with an internal size marker, GeneScan 500XL
ROX (Applied Biosystems), by ABI Prism 377 genetic analyzer
and ABI Prism 3100 genetic analyzer (Applied Biosystems).
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Statistical analysis
Gender and age values between UC or CD patients and
controls were evaluated by χ2-test and unpaired Student’s
t-test, respectively. Allele frequencies were estimated by the
gene-counting method, and χ2-test was used to identify
significant departures from the Hardy–Weinberg equilibrium.
SNP and genotype frequencies and their distributions were
compared between UC or CD patients and controls, between
individuals with and without a genotype, and among subgroups
of UC or CD patients, using χ2 and Fisher exact tests. Odds
ratio (OR) with 95% confidence interval was calculated by
multiple logistic regression analysis using the JMP program
package (version 5, SAS Institute Inc., Cary, NC, USA) and
the StatView program package (version 5, SAS Institute Inc.).
A P value of 0.05 or less was considered statistically significant.

RESUL
TS
RESULTS
Frequencies and distributions of CTLA4 polymorphic alleles
We identified frequencies and distributions of alleles at the
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three SNP sites and seven alleles of the (AT) n repeat
polymorphism of CTLA4 among the subjects examined
(Table 2). Distributions of CTLA4 polymorphic alleles in
our study population well corresponded to the Hardy–
Weinberg equilibrium (Table 2). The results imply that the
population we studied has a homogeneous genetic
background. The alleles, “C” at nt -384, “A” at nt +49, “G”
at nt +6 230, and “(AT)7” in 3’-UTR, are wild types, while
other alleles are variants. Since the frequencies of two alleles,
(AT)20 and (AT) 22, were very low (<2%), they were not
considered for subsequent multiple logistic regression
analysis. There were no significant differences in frequency
of any alleles between IBD and controls.
Frequencies and distributions of CTLA4 genotypes
Of a total of 108 UC patients, 4 (3.7%) had “A/A” genotype
at the G+6230A SNP site, the incidence being significantly
lower than that (22/200, 11.0%) in the controls (P = 0.047,
OR = 0.311) (Tables 3 and 4). There were no significant

Table 2 Distribution of CTLA4 polymorphic alleles among study subjects
Polymorphic site

Allele

nt –318

C
T
A
G
G
A
(AT)7
(AT)15
(AT)16
(AT)17
(AT)18
(AT)20
(AT)22

nt +49
nt +6 230
(AT)n in 3’-UTR

Total number of alleles

Number (%) of alleles in
UC

CD

192 (88.9)
24 (11.1)
84 (38.9)
132 (61.1)
158 (73.1)
58 (26.9)
107 (49.5)
45 (20.8)
50 (23.1)
3 (1.4)
11 (5.1)
0
0
216

140 (88.6)
18 (11.4)
59 (37.3)
99 (62.7)
115 (72.8)
43 (27.2)
83 (52.5)
22 (13.9)
35 (22.2)
15 (9.5)
1 (0.6)
2 (1.3)
0
158

Controls
362 (90.5)
38 (9.5)
159 (39.8)
241 (60.2)
278 (69.5)
122 (30.5)
205 (51.3)
82 (20.5)
87 (21.8)
16 (4.0)
8 (2.0)
0
2 (0.5)
400

Table 3 Distribution of CTLA4 genotypes among study subjects
Number (%) of subjects with genotype
Polymorphic site

Genotype

nt –318

C/C
C/T
T/T
A/A
A/G
G/G
G/G
G/A
A/A
(AT)7/(AT)7
(AT)7/(AT)15
(AT)7/(AT)16
(AT)15/(AT)15
(AT)15/(AT)16
(AT)15/(AT)17
(AT)16/(AT)16
(AT)16/(AT)17
(AT)16/(AT)18
(AT)17/(AT)17
(AT)17/(AT)18
(AT)18/(AT)18
(AT)20/(AT)20
(AT)22/(AT)22

nt +49

nt +6 230

(AT)n in 3’-UTR

UC (n = 108)
84 (77.8)
24 (22.2)
0
14 (13.0)
56 (51.8)
38 (35.2)
54 (50.0)
50 (46.3)
4 (3.7)
52 (48.1)
2 (1.9)
1 (0.9)
16 (14.8)
11 (10.2)
0
18 (16.7)
2 (1.9)
0
0
1 (0.9)
5 (4.6)
0
0

CD (n = 79)
63 (79.8)
14 (17.7)
2 (2.5)
9 (11.4)
41 (51.9)
29 (36.7)
39 (49.4)
37 (46.8)
3 (3.8)
41 (51.9)
1 (1.3)
0
5 (6.3)
9 (11.4)
2 (2.5)
13 (16.4)
0
0
6 (7.6)
1 (1.3)
0
1 (1.3)
0

Controls (n = 200)
163 (81.5)
36 (18.0)
1 (0.5)
33 (16.5)
93 (46.5)
74 (37.0)
100 (50.0)
78 (39.0)
22 (11.0)
101 (50.5)
1 (0.5)
2 (1.0)
31 (15.5)
18 (9.0)
1 (0.5)
30 (15.0)
6 (3.0)
1 (0.5)
3 (1.5)
3 (1.5)
2 (1.0)
0
1 (0.5)
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Table 4 Number of subjects with or without “G” allele at the G+6230A
SNP site of CTLA4
Number (%) of subjects with genotype
Genotype

UC
(n = 108)

CD
(n = 79)

Control
(n = 200)

G/G+G/A
A/A

104 (96.3)
4 (3.7)a

76 (96.2)
3 (3.8)

178 (89.0)
22 (11.0)

a

P<0.05 vs controls (P = 0.047, OR = 0.311).

differences in frequency of genotypes at three other
polymorphic sites between patients with IBD and the
controls.
Frequencies and distributions of genotypes among UC
and CD subgroups classified according to clinical features
were shown in Tables 5 and 6, respectively. With respect to
A+49G SNP, the frequency of “G/G” genotype was
significantly higher in CD patients with fistula (48.6%) than

Table 5 Number of UC patients classified by clinical features
Age at onset (yr)
Polymorphic site

Genotype

C–318T

C/C
C/T
T/T
A/A
A/G
G/G
G/G
G/A
A/A
(AT)7/(AT)7
(AT)7/(AT)x or others

A+49G

G+6230A

(AT)n in 3’-UTR

Number of patients
(n = 108, %)

<40

84 (77.8)
24 (22.2)
0
14 (13.0)
56 (51.8)
38 (35.2)
54 (50.0)
50 (46.3)
4 (3.7)
52 (48.1)
56 (51.9)

55
18
0
8
40
25
39
31
3
33
40

40
29
6
0
6
16
13
15
19
1
19
16

(Continued)
Location
Pancolitis

Left-sided colitis

42
10
0
9
28
15
20
28
4
31
23

Colectomy
Proctitis

Yes

No

13
1
0
1
8
5
7
7
0
7
7

7
1
0
0
3
5
6
2
0
1
7

77
23
0
14`
53
33
48
48
4
51
49

29
13
0
4
20
18
27
15
0
14
26

Table 6 Number of CD patients classified by clinical features
Age at onset (yr)
Polymorphic site
C–318T

A+49G

G+6230A

(AT)n in 3'-UTR

Genotype

Number of patients
(n = 79, %)

<40

C/C
C/T
T/T
A/A
A/G
G/G
G/G
G/A
A/A
(AT)7/(AT)7
(AT)7/(AT)x or others

63 (79.8)
14 (17.7)
2 (2.5)
9 (11.4)
41 (51.9)
29 (36.7)
39 (49.4)
37 (46.8)
3 (3.8)
41 (51.9)
38 (48.1)

54
12
2
8
35
25
35
30
3
34
34

40
9
2
0
1
6
4
4
7
0
7
4

(Continued)
Location of lesion
Ileocolon
40
11
2
7
25
21
25
25
1
27
26

Operation

Fistula

Ileum

Colon

Yes

No

Presence

Absence

14
1
0
2
11
2
5
8
2
10
9

9
2
0
0
5
6
7
4
0
4
3

33
9
2
5
20
19
21
22
1
24
20

30
5
0
4
21
10
18
15
2
17
18

27
8
2
5
14
18
19
18
0
19
17

36
6
0
4
27
11
20
19
3
22
21
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those without it (26.2%) (P = 0.0388, OR = 2.67; Table 7).
There were no significant differences in frequency of other
genotypes among any other subgroups of IBD patients.

Table 7 Relationship between genotype at the A+49G SNP site and
presence/absence of fistula in CD patients
No. (%) of patients
Genotype

With fistula
(n = 37)

Without fistula
(n = 42)

A/A+A/G
G/G

19 (51.4)
18 (48.6)a

31 (73.8)
11 (26.2)

a

P<0.05 vs without fistula (P = 0.0388, OR = 2.67).

DISCUSSION
We have shown that “A/A” genotype at the G+6230A SNP
site of CTLA4 is associated with insusceptibility to UC.
This suggests that individuals with “A/A” genotype at nt
+6 230 may have some resistance to UC, or reversely, those
with “G/G” or “G/A” genotypes are susceptible to UC.
Moreover, “G/G” genotype at the A+49G SNP site was
more frequently observed in CD patients with fistula than
those without it. These findings suggest that CTLA4 is one
of genetic factors for the predisposition to the onset and/or
development of UC and CD. However, since the number
of UC patients with “A/A” genotype at the G+6230A SNP
site in our study population is small (Table 5), it remains to
be confirmed whether the association is reproducible in
larger Japanese samples as well as in other populations.
Although a previous study in the Dutch and Chinese
populations did not find an association between CTLA4
and IBD, it never dealt with the G+6230A SNP site[30].
Therefore, the present study is the first report on an association
of CTLA4 polymorphisms with IBD.
CTLA4 consists of four exons that encode leader
peptide, ligand-binding domain, transmembrane domain, and
cytoplasmic tail, respectively. In humans, there are two
isoforms of CTLA4, which are a full-length isoform
(flCTLA4 transcript) and a soluble isoform (sCTLA4
transcript) which lacks exon 3 by alternative splicing.
Especially, sCTLA4 is secreted and circulating in human
sera[34,35]. It binds CD80/86 molecules and subsequently
inhibits T-cell proliferation in vitro[35]. Expression of the
human CTLA4 mRNA isoforms by alternative splicing
correlates genotype, G+6230A SNP[18]. The ratio of sCTLA4
to flCTLA4 at mRNA level in unstimulated T cells was
50% lower in individuals with “G/G” genotype at nt +6 230
than in those with “A/A” genotype[18]. Although expression
of CTLA4 isoforms at protein level and activities of T-cell
signal pathway were not examined, individuals with “G/G”
genotype at nt +6 230 may reduce the production of sCTLA4
transcript, and subsequently diminish the inhibition of Tcell activation, probably leading to an increase in T-cell
proliferation and chronic inflammation in epithelial cells of
the colon. Moreover, the A+6230G SNP was associated with
the susceptibility to autoimmune diseases, i.e., Grave’s disease,
autoimmune hypothyroidism, and type 1 diabetes mellitus[18].
As well as these autoimmune diseases, autoantibodies against
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colonic epithelial cells, such as anticolon antibodies,
antitropomyosin antibodies, and antineutrophil cytoplasmic
antibodies, are frequently found in sera of patients with
UC[36-38]. Thus, it is plausible that UC is also an autoimmune
disease and some genetic factors are common between UC
and autoimmune diseases.
Fistula formation in CD patients is one of the indicators
of severity. Our results indicated that CD patients with
“G/G” genotype at nt +49 more frequently had fistula.
Since intracellular distribution of CTLA4 in individuals with
“G/G” genotype at nt +49 was qualitatively different from
that with “A/A”, and downregulation of T-cell activation in
individuals with “G/G” genotype was reduced [39], CD
patients with “G/G” genotype may show progressive and
severe clinical course. It remains to be investigated why the
A+49G SNP is associated with fistula formation in Japanese
CD patients.
In conclusion, our study showed that CTLA4 is one of
the determinants of UC and responsible for fistula
formation in CD in the Japanese.
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Abstract
AIM: The balance between oxidants and antioxidants can
play an important role in the initiation and development of
liver diseases. Recently, we have described a new automated
method for the determination of total antioxidant capacity
(TAC) in human serum and plasma.
METHODS: We measured TAC and corrected TAC (CTAC
-abstraction of interactions due to endogenous uric acid,
bilirubin and albumin) in 52 patients with chronic liver
diseases (41 patients with primary biliary cirrhosis (PBC),
10 patients with chronic hepatitis C and 13 patients with
viral HCV cirrhosis) as well as in 10 healthy controls. In
23 PBC patients measurement were also done 6 mo after
treatment with ursodeoxycholic acid (UDCA). The TAC
assay was based on a modification of the crocin bleaching
assay. The results were correlated with routine laboratory
measurements and the histological stage of PBC.
RESULTS: There were no significant differences in TAC
between the various groups. However, CTAC was considerably increased in the PBC group compared to controls
and cirrhotics. Analysis of these patients according to
disease stages showed that this increase was an early
phenomenon observed only in stages I and II compared to
controls, cirrhotics and patients with chronic hepatitis C).
After 6 mo of treatment with UDCA, levels of CTAC
decreased to those similar to that of controls.
CONCLUSION: Patients in the early stages of PBC present
with high levels of corrected total antioxidant capacity

and this maybe related to the pathophysiology of the
disease. UDCA treatment restores the levels of CTAC to
control levels.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Evidence of enhanced production of free radicals or significant
decrease of antioxidant defense have been reported in all
types of liver damage. A large number of studies have
focused on the pathogenetic significance of oxidative stress
in liver injury as well as on therapeutic interventions with
antioxidant and metabolic scavengers[1-4]. Primary biliary
cirrhosis (PBC) is a chronic granulomatous cholestatic disorder
characterized by a possible immunological attack on bile
ducts leading to fibrosis, cirrhosis, liver failure, and death.
Several studies suggest that oxidant stress plays a key role
in the progression of this disease[5-7].
Circulation of oxidative molecules has been incriminated
in lipoprotein oxidation and the generation of increased
arterial deposits, ultimately leading to atherosclerosis[8-11].
However marked hypercholesterolemia, typical of severe
longstanding cholestasis in PBC patients, is not associated
with an excess risk of cardiovascular disease[12]. Since the
antioxidant status in PBC has been reported to be compromised,
with several important components of the antioxidant defense
mechanism being significantly decreased [5] there is a
disagreement between these data.
Recently, we have introduced a new automated method for
the estimation of the plasma total antioxidant capacity[13].
In the present study we assayed and evaluated the levels of
antioxidant capacity in patients with chronic liver diseases,
by this method. In addition, we have also corrected these results
per a number of analytes, directly affecting redox potential,
thus introducing the concept of “corrected antioxidant
capacity”. Our results indicate that, although the total
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MA
TERIALS AND METHODS
MATERIALS
Patient population
The study included 41 Greek patients with PBC (35 women
and 6 men, median age 62 years, range 31-85 years) followed
up at the Department of Gastroenterology of the University
Hospital of Heraklion, Crete. Thirty-seven of them were
positive for antimitochondrial antibody (AMA)-M2 testing
by immunofluorescence and by ELISA. All patients had
typical biochemical pattern. Liver histology consistent with
PBC was available in 38 patients. Three patients with clinical
evidence of portal hypertension (esophageal varices) and
positive AMA-M2 were not submitted to liver biopsy. At
the time of diagnosis 25 patients (median age 58 years,
range 31-71) were in histological stage I or II and 16 patients
(median age 67 years, range 54-85) were in histological stage
III or IV, according to Ludwig et al., criteria[14]. Laboratory
data and clinical details at the time of diagnosis and prior to
initiation of UDCA therapy are shown in Table 1. All patients
were negative for markers of hepatitis B and C.
UDCA at a dose of 15 mg/(kg d) was administered
to all patients. Serum levels of TAC were measured in all
patients prior to initiation of UDCA therapy. In 23 patients
(14 in stages I-II and 9 in stages III-IV) TAC was also
measured after 6 mo of UDCA therapy. No patients were
withdrawn from treatment during this 6-mo period.
A group of 13 patients (8 men and 5 women, median age
53 years, range 41-64 years) with biopsy-proven postviral
HCV liver cirrhosis was also enrolled. Another group of 10
patients (5 men and 5 women, median age 36 years, range
22-49 years), with biopsy-proven chronic hepatitis C was
also included in the study as disease controls. No patient
used alcohol. Finally, 10 healthy volunteers, matched to the
PBC population for age and sex, served as a reference group.
In another group of 10 cirrhotic PBC patients and in all
13 control cirrhotics TAC levels estimations were also made
in blood taken from the hepatic vein during catheterization
for the measurement of wedged hepatic pressure done for
assessment of portal hypertension. The group of PBC
patients catheterized had been receiving UDCA treatment
for at least 1 year.
Blood was collected from all patients and controls and
was immediately centrifuged at 4 . All serum samples
were stored at -70 until assayed. The study was approved
by the local hospital Ethics committee, and written informed
consent was obtained from all patients.
Determination of TAC
Plasma total antioxidant capacity (TAC) was measured on
an Olympus AU-600 analyzer using the TAC kit (Medikon
SA, Gerakas, Greece) as described previously[13]. Briefly,
antioxidants in the sample inhibit the bleaching of crocin
from ABAP [2,2-azobis-(2-amidinopropane) dihydrochloride]
to a degree that is proportional to their concentration. The
in the following steps: 2 µL
assay was performed at 37

of sample, calibrator or control were mixed with 250 µL of
crocin reagent (R1) and incubated for 160 s. Subsequently,
250 µL of ABAP (R2) were added and the decrease in
absorbance at 450 nm was measured 26 s later. Values of
TAC were expressed as mmol/L.
Routine clinical chemistry
Plasma uric acid, albumin, total bilirubin, alkaline phosphatase,
aminotransferases, and γ-glutamyl transpeptidase were
determined on an Olympus AU-600 analyzer using Olympus
reagents provided by Medicon Hellas (Gerakas, Greece).
Statistical analysis
Statistical analysis of data was performed by the use of the
SyStat v 10.0 program (SPSS Inc, Chicago, IL, USA), and the
Origin v 5.0 program (MicroCal, Northampton, MA, USA).
Paired and unpaired t-test were used where applicable. A P value
less than 0.05 was considered statistically significant.

RESUL
TS
RESULTS
Total and corrected plasma antioxidant capacity in chronic
liver diseases (Table 1)
Figure 1 presents levels of TAC in the several groups tested.
It appears that TAC values are slightly elevated in PBC
patients, but this was not of statistical significance. No statistically
significant differences between any of the groups could be
identified. Since all patients did not have decompensated
disease, our results show that the total antioxidant capacity
is unaltered in non-hospitalized patients.

Table 1 TAC and CTAC in patients and controls
Group

TAC (mmol/L)

CTAC (mmol/L)

Control

1.493±0.059

0.797±0.057

Cirrhotics
PBC

1.532±0.095
1.664±0.062

0.723±0.069
1.012±0.068

PBC I–II
PBC III–IV

1.691±0.080
1.593±0.086

1.096±0.077
0.789±0.117

CAH

1.477±0.080

0.875±0.072

TAC

TAC (mmol/L)

antioxidant capacity of patients with chronic liver diseases
do not differ significantly from normal subjects, the corrected
antioxidant capacity is increased in PBC patients, indicating
that a counterbalancing mechanism might be present.
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Figure 1 Total plasma antioxidant capacity in chronic liver diseases. Slightly
elevated TAC levels were found in PBC patients.

As TAC is a complex measurement, that is affected by a
number of serum constituents, including bilirubin, we also
calculated the corrected TAC. Corrected TAC (CTAC) is
depicted in Figure 2. As stated in our previous work13, this
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CTAC
1.2

Group
Cirrhotics
PBC

CTAC (mmol/L)

1.0

2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

0.8

Hepatic

Peripheral

Significance

TAC

1.357±0.052

1.532±0.095

<0.05

CTAC

0.563±0.031

0.757±0.073

<0.05

TAC

1.494±0.074

1.587±0.071

NS

CTAC

0.821±0.032

0.913±0.042

NS

TAC
CTAC
b

b

0.6

b

b

Before Tx

After Tx Before Tx After Tx Before Tx After Tx

PBC Total

0.4

Number 27

Table 3 TAC and CTAC in serum samples collected from hepatic
and peripheral vein in cirrhotic and PBC patients

b

a

Volume 11

vein samples. This was significant only for the cirrhotic
patients. In the treated PBC patients a similar trend was
observed but it did not reach statistical significance.

mmol/L

calculated parameter represents the fraction of circulating
antioxidants, after elimination of interference by endogenous
metabolites. Our previous work has shown that uric acid
and bilirubin, and in a lesser degree albumin, are the major
endogenous substances linearly interfering with coefficients
of 0.11, 0.11, and 0.01 mmol/L of TAC per mg/dL
respectively. We have therefore assayed these analytes and
subtracted their interferences from the obtained values of
TAC to estimate possible modifications of the antioxidant
activity, without those interferences. Increased levels of
CTAC in patients with PBC compared to controls (P<0.05)
and cirrhotics (P<0.01) were found (Figure 2). Further
analysis shows that this increase is mainly attributed to early
PBC patients (stages I and II P<0.01, compared to controls,
cirrhotics and patients with chronic hepatitis C), while late
PBC patients (stages III and IV) had CTAC levels similar to
controls.
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PBC I-II

PBC III-IV

Figure 3 UDCA treatment reduces TAC and CTAC values. A significant
reduction of CTAC was observed in the early stages of PBC. In late stages, a
reduction of CTAC was also noted but this was at the limit of statistical significance.
b
P<0.001 vs TAC.

0.2
0.0
Control Cirrhotics PBC

PBCI-II PBCIII-IV X E H

Figure 2 Corrected plasma antioxidant capacity in chronic liver diseases.
Increased levels of CTAC were found in PBC patients. Only early PBC patients
(stages I and II) had high CTAC levels. aP<0.05, bP<0.01 vs controls.

Table 2 TAC and CTAC in PBC patients before and after UDCA
treatment
Group

Before UDCA

After UDCA

Significance

PBC Total

TAC

1.697±0.077

1.289±0.093

<0.001

PBC I–II

CTAC
TAC

1.068±0.071
1.762±0.082

0.601±0.093
1.243±0.124

<0.001
<0.001

PBC III–IV

CTAC
TAC

1.169±0.076
1.527±0.184

0.660±0.115
1.410±0.049

<0.001
NS

CTAC

0.789±0.153

0.448±0.091

NS

CTAC values are higher in peripheral blood samples compared
to hepatic vein samples (Table 3)
Hepatic vein samples, taken during catheterization for
estimation of portal hypertension had lower values of both
TAC and CTAC as shown in Figure 4 compared to peripheral

mmol/L

UDCA treatment reduces TAC and CTAC values to control levels
(Table 2)
In 23 patients that received 6 mo of UDCA therapy a
reduction of both TAC and CTAC was noticed as shown in
Figure 3. Reduction was significant in the early stages of
PBC. In late stages, a reduction of CTAC was also noted
but this was at the limit of statistical significance.

Hepatic vein
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

a

Peripheral vein

a

TAC
CTAC
Cirrhotics

TAC

CTAC
PBC

Figure 4 CTAC values are higher in peripheral blood samples compared to
hepatic vein samples. Hepatic vein samples had lower values of both TAC and
CTAC compared to peripheral vein samples. This was significant only for the
cirrhotic patients. In the treated PBC patients a similar trend was observed but it
did not reach statistical significance. aP<0.05 vs others.

DISCUSSION
Production of reactive species, including free radicals, is an
integral part of human metabolism. Because of the high
potential to damage vital biological systems, reactive species
have now been incriminated in aging and in more than 100
disease states[15,16]. A complex system of neutralizing antioxidants
exists in plasma and intra- and extracellular fluids, but an
imbalance (oxidant stress) between free radical production
and use can cause damage to DNA, lipids, proteins, and other
biomolecules[5]. Nevertheless, most markers of oxidative

Notas G et al. Serum antioxidant capacity in liver diseases

damage have not been fully validated [17]. Endogenous
antioxidant defenses (superoxide dismutases, H2O2-removing
enzymes, metal binding proteins) are inadequate to prevent
damage completely, so diet-derived antioxidants are important
in maintaining health[16,18,19]. The sum of endogenous plus
food-derived antioxidants represents the total antioxidant
capacity of extracellular fluid. The overall antioxidant
capacity may give more relevant biological information
compared to that obtained by the measurement of individual
parameters, as it considers the cumulative effect of all
antioxidants present in plasma and body fluids[20].
A great variety of methods have been proposed for the
assay of total antioxidant activity or capacity of serum or
plasma[20,21]. Many researchers have stressed the distinction
between antioxidant activity and antioxidant capacity:
Antioxidant activity corresponds to the rate constant of a
single antioxidant against a given free radical; antioxidant
capacity, on the other hand, is the number of moles of a
given free radical scavenged by a test solution, independently
of the capacity of any one antioxidant present in the mixture.
In the case of plasma being a heterogeneous solution of
diverse antioxidants the antioxidant status is better reflected
by antioxidant capacity rather than activity. This capacity is
a combination of all redox chain antioxidants, including
several analytes such as thiol bearing proteins, and uric acid.
An increase of antioxidant capacity of plasma indicates
absorption of antioxidants and improved in vivo antioxidant
status[22], or the result of the activation of an adaptation
mechanism to oxidative stress. It should be noted that, due
to the participation of diverse metabolites to the antioxidant
capacity of human plasma, its increase may not be
necessarily a desirable condition. Indeed, in some cases, such
as renal failure (uric acid), icteric status (bilirubin), hepatic
damage (hypoalbuminemia) the variation of several metabolites
modify plasma antioxidant capacity in a deleterious direction,
a situation returning to normal values after correction of
the underlying disease[23]. Recently, we have introduced a
new automated method for the assay of the plasma antioxidant
activity, based on crocin bleaching. This method (the TAC
assay) gives an estimation of the integrated plasma antioxidant
capacity. Furthermore, we also determine the interference
of a number of endogenous analytes, such as uric acid,
and bilirubin, which have been found to produce a major
interference of TAC, while albumin results in a smaller
interference[13].
In the present work, we have simultaneously assayed
TAC and the concentrations of these analytes in patients
with chronic liver diseases. As reported in the results no
differences between TAC levels of the study groups were
noted but patients in early stages of PBC had higher levels
of CTAC. Other researchers have reported low total
antioxidant capacity in PBC patients. Aboutwerat et al.,
reported that oxidant stress, as reflected in a spectrum of
lipid peroxidation and antioxidant markers, is a significant
feature of early-stage PBC. They also reported that the
total antioxidant capacity in whole serum (measured with
an enhanced chemiluminescent technique) was significantly
reduced in PBC patients but was normal in protein-free
serum, suggesting that protein-bound components make an
important contribution[5]. Floreani et al., measured a number
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of antioxidant substances in both primary biliary cirrhosis
and primary sclerosing cholangitis patients and reported
significantly lower levels of retinol, alpha-tocopherol, total
carotenoids, lutein, zeaxanthin, lycopene, alpha- and betacarotene in these patients compared to healthy controls[24].
Discrepancies among these studies and our results could be
attributed to different factors:
1. The different methods of assay of TAC, measuring
a number of discrete molecules. The TAC assay, used in
the present study is an integrator of the totality of antioxidants
circulating at a given time point in the blood.
2. The distinction of activity and capacity discussed
previously. Indeed, through chain oxidative-reduction
reactions, a number of antioxidants measured at a given
time point may not act as antioxidants per se[25].
Calculation of the corrected TAC (in which the interference
of a number of endogenous metabolites has been subtracted)
appears to provide a better estimate of the real antioxidant
activity of the organism. However, the interpretation of
the changes in plasma or serum antioxidant capacity depends
upon not only the method used in detecting these changes,
but also the conditions under which the plasma or serum
antioxidant capacity is determined, because the determined
antioxidant capacity reflects changes in a dynamic system.
Furthermore an increased antioxidant capacity in plasma
or serum is not necessarily a desirable condition if it is due
to an adaptive response to increased oxidative stress at an
early stage[21]. Our finding of increased CTAC in the early
stages of PBC may reflect such an early response.
Ursodeoxycholic acid has been reported of having a
marginal therapeutic effect for primary biliary cirrhosis[26].
Ursodeoxycholic acid treatment reduces intracellular
hydrophobic bile acid levels and thereby may have a
cytoprotective effect on cell membranes[27]. It has also been
reported that UDCA reduced the deoxycholic acid-associated
loss of the mitochondrial membrane potential and decreased
the production of reactive oxygen species[28-30]. Our finding
of TAC and CTAC reduction after UDCA treatment
especially in the early stages of PBC maybe an indication
that UDCA contributes to the normalization of the oxidative
status in PBC patients.
Finally this is the first report that presents evidence of
increased total antioxidant capacity originating from the
periphery compared to the hepatic veins in patients with
viral cirrhosis. Although the group of PBC patients used in
this study had received UDCA treatment a similar trend
can be noticed. Whether this is a feature of cirrhosis or a
universal phenomenon cannot be concluded from our data.
Although similar measurements cannot be performed in
normal subjects, it would be interesting to further validate
this result with studies on a bigger PBC population.
In conclusion, CTAC is considerably increased in the
serum of PBC patients of stages I and II, but not in patients
with viral cirrhosis or chronic hepatitis C. This increased
antioxidant capacity in serum maybe due to an adaptive
response to increased oxidative stress. Treatment with UDCA
decreased the levels of CTAC to values similar to those of
controls indicating a possible normalizing effect of UDCA
on the oxidative status in PBC patients. Further study is
needed for the finding of higher levels of CTAC in blood
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samples drawn from peripheral veins compared to samples
from hepatic veins in cirrhotic patients.
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Abstract
AIM: Persistent cholestasis is a rare complication of severe
trauma or infections. Little is known about the possible
pathomechanisms and the clinical course.
METHODS: Secondary sclerosing cholangitis was
diagnosed in five patients with persistent jaundice after
severe trauma (one burn injury, three accidents, one
power current injury). Medical charts were retrospectively
reviewed with regard to possible trigger mechanisms for
cholestasis, and the clinical course was recorded.
RESULTS: Diagnosis of secondary sclerosing cholangitis
was based in all patients on the primary sclerosing
cholangitis (PSC)-like destruction of the intrahepatic bile
ducts at cholangiography after exclusion of PSC. In four
patients, arterial hypotension with subsequent ischemia
may have caused the bile duct damage, whereas in the
case of power current injury direct thermal damage was
assumed to be the trigger mechanism. The course of
secondary liver fibrosis was rapidly progressive and
proceeded to liver cirrhosis in all four patients with a
follow-up >2 years. Therapeutic possibilities were
limited.
CONCLUSION: Posttraumatic sclerosing cholangitis is a
rare but rapidly progressive disease, probably caused by
ischemia of the intrahepatic bile ducts via the peribiliary
capillary plexus due to arterial hypotension. Gastroenterologists
should be aware of this disease in patients with persistent

cholestasis after severe trauma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
For a long time it is known that after severe trauma marked
cholestasis can occur [1-3]. Different reasons were held
responsible for this including hepatic hypoxia, inflammation,
and mass transfusions[1,4]. Unfortunately, cholangiographic
studies to detect changes of the bile ducts to exclude
obstructive jaundice were not done, primarily as most of
these studies were performed in the pre-ERCP era.
On the other side, gastroenterologists are occasionally
confronted with patients with a history of persistent
cholestasis who have survived life-threatening events with
long-term stays in intensive care units. In the diagnostic
work-up ERC in some of these patients shows a PSC-like
picture with strictures and dilatations of the intrahepatic
bile ducts.
Except one recent report by Engler et al.[5], these patients
are characterized badly in the literature. Therefore, we report
on five patients with secondary sclerosing cholangitis after
life-threatening injuries in order to demonstrate the clinical
course, evaluate measures for diagnosis, and discuss possible
trigger mechanisms for posttraumatic sclerosing cholangitis.
MA
TERIALS AND METHODS
MATERIALS
All five patients (one woman and four men; age 18-71 years)
presented with acute or persistent cholestasis. Three of them
were seen as outpatients between January 2001 and June
2003, 4 to 22 mo after occurrence of cholestasis (Table 1).
Patient 5 was seen as consultant during the initial stay of
the patient on the intensive care unit of a burn clinic after

4200

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

occurrence of jaundice, patient 1 is a former case of one
of the hospitals that has already been published and who
was re-evaluated[6].
Time between the occurrence of cholestasis and
definitive diagnosis ranged between 2 and 27 mo.
All patients experienced life-threatening injuries and
needed long-term treatment on intensive care units (ICU)
(from 23 to 88 d, Table 1). Mechanical ventilation was
necessary in all patients (from 13 to 62 d). Temporary acute
renal failure occurred in patients 3 and 4 (maximum
creatinine 3.6 mg/dL [-1.0] on d 5 and 1.6 mg/dL on d 4,
respectively). In all patients several surgeries had to be
performed (without abdominal surgery), in three of them
pleural drainages were necessary.
The charts of these patients at their initial hospital stay
were intensely reviewed, especially concerning periods of
hypotension, therapy with vasopressors and RBC units, septic
fever, antibiotics, mechanical ventilation, and liver function
tests to find triggers for subsequent bile duct damage.
Pre-injury liver function tests were documented if available.
Diagnostic work-up included ERC, liver biopsy, imaging
studies of the liver and vessels of the liver hilus (ultrasound,
doppler ultrasound, CT, and/or MRI), and the exclusion
of other liver diseases (e.g. viral hepatitis, hereditary, and
autoimmune liver diseases). Liver biopsies (also from
hospitals outside) were re-evaluated by one pathologist. The
further course was observed and recorded.
For the purpose of the study an increase in liver function
tests more than twice above the upper limit of normal was
defined abnormal.
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RESUL
TS
RESULTS
Before the trauma no patient had known liver disease. No
comorbidities were present with the exception of patient 3
(arterial hypertension, cardiac arrhythmias). No patient
reported about alcohol abuse. On hospital admission
patient 5 (power current injury) had increased values of
ALT (alanine aminotransferase) and AST (aspartate
aminotransferase) due to direct thermal cell damage. In all
other patients liver function tests were normal on admission.
No other liver diseases or thrombosis of hepatic artery and
veins were found.
Early course
In all patients as the first sign of bile duct damage a
permanent increase of GGT (gamma glutamyl transferase)
twice above the upper limit of normal was first documented
between d 4 and 11 (Table 2). Alkaline phosphatase (AP)
and bilirubin rose during the next 2 weeks in all but patient
1 in whom bilirubin increased after four weeks and patient
2 whose bilirubin levels according to a milder course of
cholestasis reached twice the upper limit of normal only
once. Aminotransferases always increased secondary to signs
of cholestasis (Table 2). As an example the early course
(first month) of AST, ALT, GGT, AP, and bilirubin in
patient 3 is shown in Figure 1A.
Possible reasons for bile duct damage
Details of different parameters during intensive care of
the patients are shown in Table 2.

Table 1 Summary of patients‘ characteristics
Patient 1

Patient 2

Patient 3

Patient 4

Patient 5

Sex

Female

Male

Male

Male

Male

Age (yr)

56

41

56

71

18

Initial event

Room fire

Motorbike accident

Tractor accident

Fall from a raised hide

Power current accident
and fall

Injuries

Burn injury: 34 % of

Polytrauma with avulsions

Polytrauma with serial

Polytrauma with burst

body surface (hands,

(left subclavian artery,

rib fracture, hemothorax,

fractures of lumbar spine,

surface), multiple rib

head, neck, back)

forearm, anterior tibial

pleural effusion, fracture

paraplegia, rib fractures,

fractures, hemothorax,

artery) and fractures

of right joint ankle

pneumothorax

fractures of the thoracic

(left humeral shaft,

Burn injury (36 % of body

vertebrae 5 to 9

pelvis, both lower legs)
Intensive care (d)
Time from

58

23

34

26

88

4

27

4

13

2

mo 4

mo 22

mo 4

mo 13

mo 1

55 (death)

48

41

33

12

Liver cirrhosis (Child-

Small intrahepatic

unbearable pruritus

liver cirrhosis

-

Pugh C), variceal

gallstones after 6 mo

during first year,

(Child-Pugh B),

occurrence
of cholestasis until
diagnosis (mo)
Treatment start
with UDCA
Follow-up(mo)
Complications

bleeding, death due

(endoscopically extracted),

liver cirrhosis

recurrent stomal

to liver insufficiency

liver cirrhosis (Child-Pugh A)

(Child-Pugh A)

bleeding

UDCA: urso deoxycholic acid .
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Figure 1 A: Liver function tests of patient 3 in the first month showing the strong
increase of cholestasis followed by a milder rise of aminotransferases; B: Longtime course of AP (red) and ALT (black) of all patients showing the initial strong

increase of AP with a subsequent slow decrease and only a mild initial rise of
ALT with nearly normal values in the long term.

Severe arterial hypotension with a systolic blood pressure
of 70 mmHg as a possible cause of bile duct ischemia
occurred in four patients. Only patient 5 experienced no
hemodynamic instability throughout the whole course. In
contrast to all other patients aminotransferases were already
increased at clinic admission and nearly normalized during the
following days. According to the pattern of his burns current
flow through the body was diagnosed. Therefore, a direct
thermal damage of the intrahepatic bile ducts can be suspected.
Two patients (patients 2 and 3) suffered of sudden strong
blood loss requiring mass transfusions in patient 2 (30
RBC units, 11 fresh frozen plasma units, and four platelet
concentrates during the first four hours after hospital
admission), whereas a moderate decrease of the hemoglobin
occurred in the other patients. After ICU admission all
patients received parenteral nutrition via central venous lines,
and additional enteral feeding via a nasogastric tube was

started in all cases between d 2 and 5.
Imaging findings
Imaging findings are shown in Table 3.
Ultrasound Ultrasound was repeatedly performed in all
patients. Depending on the time since occurrence of
cholestasis different findings were recorded (Table 3).
In the early phase (first 2 mo) the liver was described as
normal or enlarged with homogeneous or hyperechoic
parenchyma, bile ducts were normal in all patients,
gallbladder sludge was seen in four patients. Later on liver
parenchyma got more and more inhomogeneous and signs
of liver cirrhosis (nodularity/irregularity of liver surface,
inhomogeneous parenchyma, splenomegaly) occurred.
Intrahepatic bile ducts showed segmental dilatation in two
patients after 12 to 24 mo, whereas the common bile duct
remained normal in all patients.

Table 2 Patients‘ data and important findings during the early course at the intensive care unit
Patient 1

Patient 2

Patient 3

Patient 4

Patient 5

Time of increase of liver
function tests > 2× ULN (d)
GGT

101

6

5

4

11

AP
Bilirubin

18
36

18
62

9
10

12
8

15
13

AST
ALT

18
18

52
23

9
9

12
7

16
19

Mechanical ventilation (d)

Severe hypotension

36;
PEEPmax. 6 mmHg;

13;
PEEPmax. 10 mmHg;

25;
PEEPmax. 8 mmHg;

16;
PEEPmax. 15 mmHg;

62;
PEEPmax. 20 mmHg;

FiO2 not documented
d 1 (2 h)

FiO2max. 0.6
d 1 (45 min)

FiO2max. 0.6
d 2 (30 min) and

FiO2max. 0.7
d 1 (30 min)

FiO2max. 0.6
None

Norepinephrine d 2-4

None

(systolic blood pressure
< 70 mm Hg)3
Vasopressor therapy

d 3 (60 min)
Dobutamine d 1-8
dopamine d 1-18

None

Norepinephrine d 3-5
and d 9-17

Minimum hemoglobin3

norepinephrine d 1-7
7.3 g/dL (d 3)

2.4 g/dL (d 1)

7.2 g/dL (d 3)

8.6 g/dL (d 1)

7.9 g/dL (d 4)

Transfusions (RBC units)3
Fever (> 38.0 )

30
d 7-16

34
d 6-13

10
d 2-25

10
d 5-17

24
d 2- >20

Antibiotics3

Cefotaxim, imipenem,
sulbactam, mezlocillin

None

Piperacillin/sulbactam

None

Piperacillin/tazobactam,
ciprofloxacin, meropenem,
levofloxacin, fluconazol

ALT: alanine aminotransferase; AP: alkaline phosphatase; AST: aspartate aminotransferase; FiO2max.: maximum fraction of inspired oxygen; GGT: gamma
glutamyl transferase; PEEPmax.: maximum positive end-exspiratory pressure; ULN: upper limit of normal 1No control of liver function tests between d 4 and 10;
2
A bilirubin value 2× ULN was noted only once at d 6; 3Until increase of GGT 2× ULN.
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Table 3 Diagnostic findings in posttraumatic sclerosing cholangitis during the course of the disease (ultrasound, MRT/MRCP, ERCP, and liver
histology)
Patient 1
1 - 2 mo
Ultrasound

Patient 2

Patient 3

Patient 4

Patient 5

L normal,

L normal,

L normal,

L normal,

L enlarged,

BD normal,
GB sludge

BD normal,
GB sludge

BD normal,
GB sludge

BD normal,
GB sludge

hyperechoic,
BD normal,
GB contracted,
splenomegaly

ERC

MRT/MRCP

Stenoses and loss of IHBD,
CBD normal,
GB normal
-

-

-

IHBD irregular,
CBD normal,
GB normal
-

-

-

L normal, BD

-

normal, GB normal
4 - 6 mo
Ultrasound

L cirrhosis,

L inhomogeneous,

L inhomogeneous with

-

L enlarged,

hyperechoic areas
BD normal,
ERC

BD normal

alongside the IHBD,

BD normal,

BD normal,

BD normal,

GB stones

GB normal,

-

IHBD: multifocal short

splenomegaly
-

IHBD irregular,

strictures and dilatations,

beaded

CBD normal,

appearance,

GB normal (Figure 2)

CBD normal,
GB normal

Liver histology

Substantial cholestasis;

Portal tract inflammation,

Canalicular bile thrombi;

inflammation of the portal

occasionally lymphocytes

edematously swollen

-

-

portal tracts;

L cirrhosis,

L cirrhosis,

-

BD normal,

CBD normal,

tracts, liver lobules, and

in bile duct epithelium;

sporadically the bile ducts;

several necrotic foci with

inflammatory infiltrates,

feathery degeneration of

foamy macrophages in

esp. around bile ducts;

hepatocytes;

the liver acini;

occasionally feathery

fibrosis around bile ducts;

bridging fibrosis;

degeneration of hepatocytes;

regenerative bile duct

regenerative bile duct

proliferations

proliferations

minimal fibrosis

12 - 24 mo
Ultrasound

L inhomogeneous cirrhosis

L enlarged, inhomogeneous,
hyperechoic areas segment
7/8, IHBD slightly dilated,

BD normal,

CBD normal,

IHBD slightly dilated,

GB stones and sludge,

GB stones,

GB normal,

GB normal,

splenomegaly,

splenomegaly

splenomegaly

splenomegaly

distinct ascites
ERC

stenoses and loss of IHBD,

IHBD: loss and stenoses

-

of right-sided bile ducts,

MRT/MRCP

IHBD: multifocal

a long, stretched running

dilatations on the left side,

left bile duct (suitable to

bile ducts on the right

liver hypertrophy),

side not presentable,

CBD normal,

CBD normal,

CBD normal

GB normal

GB stones

-

L atrophy of right liver,

-

high-grade strictures and

L macronodular cirrhosis,

-

-

hypertrophy of left liver;
reduced signal intensity of
segments 2 and 3 and
partly 7 and 8;
IHBD segmentally dilated,

Liver histology

No cholestasis;
complete liver cirrhosis

CBD pseudoobstruction,

CBD pseudoobstruction,

GB stones, splenomegaly

splenomegaly

-

Occasionally canalicular

Substantial cholestasis (bile

cholestasis; mild

thrombi in dilated canaliculi);

portal inflammation

occasionally lymphocytes in

(predominantly

the epithelium of bile ducts;

lymphocytes); some

numerous regenerative

regenerative bile duct

bile duct proliferations in the

proliferations; mild

periphery of portal tracts;

fibrosis; (sampling error ?)

cirrhosis (Figure 4)

BD: bile ducts; CBD: common bile duct; GB: gallbladder; IHBD: intrahepatic bile ducts; L: liver.
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Computed tomography CT scans performed in patient 1
18 mo and in patient 3 10 d and 4 mo after the onset of
cholestasis confirmed sonographic findings.
MRT/MRCP MRT/MRCP in patient 3 in the early
phase showed normal abdominal findings. In two patients
MRT/MRCP was performed after 2 years. In patient 2
MRT/MRCP disclosed atrophy of the right liver,
hypertrophy of the left liver, a reduced signal intensity
in segments 2 and 3 and partly 7 and 8, and peripheral
segmental dilatation of intrahepatic bile ducts rather
unusual findings (Figure 2). In patient 3 signs of liver
cirrhosis with large nodules and inhomogeneous liver
parenchyma were present.
ERC Diagnostic ERC was performed in all patients.
Together with the history it led to diagnosis in all patients.
Already three weeks after first signs of cholestasis slight
changes of the intrahepatic bile ducts were noticed (patient 3).
After four to six months multifocal strictures and dilatations
of the intrahepatic bile ducts (comparable to lesions in
primary sclerosing cholangitis) occurred (Figure 3), that were
also present after 12-24 mo. The common bile duct and
the cystic duct were normal in all patients at all times.
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portal inflammation (predominantly lymphocytes) with
involvement of the bile ducts, necrosis of periportal
hepatocytes, fibrosis of different degree, and depending
on the biochemical extent of cholestasis bile thrombi were
present. After 12-24 mo complete liver cirrhosis was
diagnosed in patients 1 and 4, whereas in patient 3 only
mild fibrosis was diagnosed, possibly due to a sampling error
(clinically cirrhosis). Inflammation of the portal tracts with
involvement of bile ducts was still present. Regenerative
bile duct proliferations were a prominent feature. As an
example liver histology of patient 4 is shown in Figure 4.

Liver histology
Liver biopsy was performed in four patients (in no one in
the acute phase), at least once in three patients and three
times in one patient (patient 3) (Table 3). After 4-6 mo

Follow-up, treatment, and complications
The patients were followed between 12 and 55 mo after
trauma (Table 1).
The long-time courses of AP and ALT of all patients
are shown in Figure 1B.
All patients were treated with ursodeoxycholic acid after
different periods of time (Table 1).
Liver cirrhosis was diagnosed clinically and/or
histologically in all four patients with a follow-up of >2 years.
It occurred already at mo 5 in patient 4. In this case it was
diagnosed macroscopically during colostomy which was
performed due to fecal incontinence following paraplegia.
Decompensation of liver cirrhosis with large amounts of
ascites occurred in patient 1 already after 18 mo. This patient
died after 55 mo due to hepatic insufficiency.

Figure 2 MRT of patient 2 (T1-weighted after contrast medium) showing an
area centrally in the liver with reduced signal intensity, a dilatation of the bile duct
in segment 6, and splenomegaly.

Figure 3 ERCP of patient 3 showing a normal cystic and common bile duct, but
multifocal short strictures and dilatations of the intrahepatic bile ducts (4 mo after
occurrence of cholestasis).

A

B

Figure 4 Liver histology of patient 4 (13 mo after occurrence of cholestasis). A:
Portal inflammation, severe cholestasis with bile thrombi, HE (20x); B:
Lymphocytic infiltration of a small bile duct (arrow). Periodic acid Schiff’s reaction

C

after treatment with diastase (100x); C: Immunostaining for cytokeratin 7.
Regenerative bile duct proliferations show a strong expression of cytokeratin
7 (25x).

4204

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Liver transplantation was planned for patient 3 after
4 mo, but due to improvement of liver function tests and
clinical symptoms transplantation was cancelled. Patient 5
is designated for liver transplantation.

DISCUSSION
Cholestasis is common in long-term ICU patients. However,
in most cases it is mild and resolves within weeks after
clinical improvement of the patient.
Secondary sclerosing cholangitis after trauma (“posttraumatic
SC”) is a rare and probably underdiagnosed complication
of severe trauma with to our knowledge only two
publications in the literature[5,6]. Our patients shared the
following findings, thus leading to the diagnosis: (1) a severe,
life-threatening trauma; (2) slowly increasing signs of
cholestasis with a secondary moderate rise of aminotransferases;
(3) the typical PSC-like appearance of the intrahepatic bile
ducts with multifocal strictures and dilatations; and (4)
the exclusion of other liver diseases. All patients except
patient 5 had normal liver function tests at hospital
admission. After a few days a slow, but constant increase
of signs of cholestasis was noted with a subsequent rise of
aminotransferases that never exceeded 15 times of ULN.
This differs from “shock liver” where an acute elevation
of the aminotransferases to at least 20 times ULN is
required for diagnosis[7]. According to our results ERC is
of essential importance for the diagnosis. Probably earlier
than MRC, ERC best shows the PSC-like bile duct changes
(multifocal strictures and dilatations, beaded appearance)
that occur only intrahepatically in posttraumatic SC. The
possibility to aspirate bile for microbiological examination
is another advantage of ERC compared to all non-invasive
imaging procedures as to our experience and some case
reports in the literature in some intensive care patients with
severe, long-lasting infections requiring mechanical
ventilation jaundice may be caused by secondary bacterial or
fungal cholangitis without preexisting biliary obstruction[8,9].
The value of ultrasound, CT, and MRT in the early course
is to exclude obvious biliary obstruction, later they may help
to diagnose secondary development of liver cirrhosis.
Posttraumatic SC seems to be rapidly progressive. Liver
cirrhosis was diagnosed clinically or by liver biopsy in all
patients with a follow-up of more than 2 years, in one patient
already after 5 mo, in the others after 18-24 mo. After
decompensation of liver cirrhosis at mo 18 and esophageal
variceal bleeding at mo 22, one patient died after 55 mo
due to hepatic insufficiency. This rapidly progressive
course compares well with the experience of Engler et al.[5].
In their series all four patients with a follow-up of more than
2 years developed liver cirrhosis, three of them during the
second year.
All patients were treated with UDCA after 1-22 mo. As
this was an uncontrolled retrospective study clear conclusions
concerning the therapeutic value of UDCA are not possible,
but the efficacy seems to be rather limited. In patients with
posttraumatic SC and end-stage liver disease liver
transplantation may be the only therapeutic option. In
contrast to Engler et al. we are not convinced that endoscopic
interventions for treatment of strictures (dilatation or
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stenting) are beneficial as bile duct strictures were multifocal
and localized intrahepatically in all of our patients. This is
comparable to PSC where only patients with a dominant
extrahepatic stricture appear to have some potential benefit
from endoscopic treatment [10]. Even in the patients of
Engler et al.[5], endoscopic therapy (with the additional risk
of secondary bacterial cholangitis) did not stop disease
progression. However, for diagnostic reasons early ERC
appears necessary.
Interestingly, bilirubin levels of all patients decreased
without intervention after 2-6 mo. Proliferation of bile ducts
in the portal tracts with metaplasia of hepatocytes may have
improved bile flow. This phenomenon was also described
in drug-induced prolonged cholestasis with ductopenia[11].
However, posttraumatic SC progresses in spite of decreasing
bilirubin levels.
What are the possible mechanisms for posttraumatic
sclerosing cholangitis? As shown in Table 2 we examined
several factors that are discussed in the literature, which
could have contributed to bile duct damage[5,6,12]. In our
opinion the dominant cause is arterial hypotension with
subsequent ischemia of the intrahepatic bile ducts which
occurred in four of the five patients in the early course
after the accident (in patient 5 according to the pattern of
burns current flow through the body was diagnosed
suggesting a direct thermal damage of the intrahepatic
bile ducts). It can be assumed that through temporary
hypoperfusion, possibly aggravated by vasopressor therapy,
an ischemic damage of the intrahepatic bile duct epithelium
occurred which led to secondary scarring of the bile ducts
and subsequent cholestasis. In contrast to shock liver the
initial damage is not characterized by rapidly increasing
aminotransferases as the liver via the portal vein - seems to
be perfused sufficiently. After the acute ischemic phase,
parallel to bile duct changes, increasing signs of cholestasis
occur. Later, aminotransferases raise secondary to bile duct
obstruction as in other obstructive bile duct diseases. Possibly
due to the non-reversible scarring of the bile ducts with
persistence of cholestasis and comparable to experimental
bile duct ligation liver fibrosis and cirrhosis develop rather
quickly[13].
In all of our patients only the intrahepatic bile ducts
were affected. The reason may be the blood supply of the
bile ducts[14-16]. Whereas the extrahepatic biliary system seems
to be well supplied, mainly by two parallel to the common
bile duct running arteries which are feeded by branches of
eight arteries on the average (retroduodenal artery,
gastroduodenal artery, left and right hepatic artery, etc.),
the intrahepatic ducts are supplied by a nonaxial network
of small arteries deriving only from the right and left hepatic
artery. They form a plexus of arterioles, venules, and
capillaries within the peribiliary adventitia with a second
plexus within the biliary wall primarily composed of
capillaries (“peribiliary capillary plexus”). This structure,
possibly especially the blood supply via the left and right
hepatic artery as functional end arteries, may cause the
vulnerability of the intrahepatic bile ducts to ischemic events.
Except in the periphery of the liver portal-venous blood
plays no role in the supply of the bile ducts.
Other factors like systemic inflammation or transfusions
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may contribute to progressing cholestasis in some patients,
but may be of minor importance.
In conclusion, after severe, life-threatening injuries a
small number of patients develop jaundice that is caused
by multiple intrahepatic bile duct strictures. The main trigger
may be ischemia and subsequent damage of the bile ducts
due to transient arterial hypotension. Slowly progressive
cholestasis after severe injury in patients without prior liver
disease is the hallmark of posttraumatic sclerosing cholangitis.
The diagnosis is confirmed by ERC. The major characteristics
of posttraumatic SC are summarized in Table 4. The course
of this form of secondary sclerosing cholangitis appears to
be rather progressive without promising therapeutic options
(except probably liver transplantation). Gastroenterologists
should be aware of this disease in patients with cholestasis
after severe trauma.

Table 4 Characteristics of posttraumatic sclerosing cholangitis
1

No former liver disease

2

Severe life-threatening injury with temporary severe arterial
hypotension

3
4

Slowly increasing signs of cholestasis
Secondary moderate rise of aminotransferases

5

PSC-like appearance of intrahepatic bile ducts (multifocal strictures
and dilatations)

6

Exclusion of other liver diseases (esp. hepatic artery thrombosis)
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Abstract
AIM: Complete resection of the bile duct carcinoma is
sometimes difficult by subepithelial spread in the duct
wall or direct invasion of adjacent blood vessels. Nonresected
extrahepatic bile duct carcinoma has a dismal prognosis,
with a life expectancy of about 6 mo to 1 year. To improve
the treatment results of locally advanced bile duct
carcinoma, we have been conducting a clinical trial using
regional hyperthermia in combination with chemoradiation
therapy.
METHODS: Eight patients complaining of obstructive
jaundice with advanced extrahepatic bile duct underwent
thermo-chemo-radiotherapy (TCRT). All tumors were
located in the upper bile duct and involved hepatic
bifurcation, and obstructed the bile duct completely.
Radiofrequency capacitive hyperthermia was administered
simultaneously with chemotherapeutic agents once
weekly immediately following radiotherapy at 2 Gy.
We administered heat to the patient for 40 min after the
tumor temperature had risen to 42 . The chemotherapeutic agents employed were cis-platinum (CDDP,
50 mg/m 2 ) in combination with 5-fluorouracil (5-FU,
800 mg/m 2 ) or methotrexate (MTX, 30 mg/m 2 ) in
combination with 5-FU (800 mg/m2). Number of heat
treatments ranged from 2 to 8 sessions. The bile duct
at autopsy was histologically examined in three patients
treated with TCRT.
RESULTS: In respect to resolution of the bile duct, there
were three complete regression (CR), two partial
regression (PR), and three no change (NC). Mean survival
was 13.2±10.8 mo (mean±SD). Four patients survived
for more than 20 mo. Percutaneous transhepatic biliary
drainage (PTBD) tube could be removed in placement of
self-expandable metallic stent into the patency-restored
bile duct after TCRT. No major side effects occurred. At

autopsy, marked hyalinization or fibrosis with necrosis
replaced extensively bile duct tumor and wall, in which
suppressed cohesiveness of carcinoma cells and
degenerative cells were sparsely observed.
CONCLUSION: Although the number of cases is rather
small, TCRT in the treatment of locally advanced bile duct
carcinoma is promising in raising local control and thus,
long-term survival.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Extrahepatic bile duct carcinomas are typically slow-growing
and locally invasive tumors, which spread along nerves and
invade adjacent vascular structures[1]. Optimal treatment of
these tumors includes complete surgical resection with
negative histologic margins[2]. However, complete resection
is sometimes difficult by local extension, which occur
perineurally, via lymphatic channels, by subepithelial spread
in the duct wall, and by direct invasion of adjacent blood
vessels[3]. Nonresected extrahepatic bile duct carcinoma
has a dismal prognosis, with a life expectancy of about 6 mo
to 1 year[4].
Hyperthermia has been used in combination with
radiation therapy and chemotherapy, and is considered to
be effective for certain type of tumors[5]. We have been
conducting a clinical trial of regional hyperthermia in
combination with chemoradiotherapy for advanced
extrahepatic bile duct carcinoma. In this study, clinical
effectiveness of thermo-chemo-radiotherapy (TCRT) for
locally advanced extrahepatic bile duct carcinoma was
evaluated.
MA
TERIALS AND METHODS
MATERIALS
Study patients
Eight patients complaining of obstructive jaundice with
advanced extrahepatic bile duct underwent TCRT. All
tumors were located in the upper bile duct and involved
hepatic bifurcation. Bile duct was completely obstructed on
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percutaneous transhepatic or endoscopic retrograde
cholangiography. Six patients underwent percutaneous
transhepatic biliary drainage (PTBD). Unresectable reasons
were involvement of the portal vein (n = 5) and extensive
involvement of hepatic hilus (n = 3, Table 1). None of
them showed distant metastasis.

Irradiation (2 Gy)

1

7

14

21

Hyperthermia (42

28 (d)

, for 40 min)

Chemotherapy (CDDP+5-FU or MTX+5-FU)
Table 1 Cases with bile duct carcinoma treated with thermo-chemoradiotherapy
Case

Age (yr)

Sex

Figure 1 Schedule of TCRT.

Unresectable reasons

1

70

m

Extensive involvement of hepatic hilus

2

57

m

Involvement of the portal vein

3

73

m

Extensive involvement of hepatic hilus

4

70

m

Involvement of the portal vein

5

70

f

Involvement of the portal vein

6

78

m

Involvement of the portal vein

7

65

m

Involvement of the portal vein

8

71

m

Extensive involvement of hepatic hilus

Thermo-chemo-radiotherapy (TCRT) techniques
The heating equipment was radiofrequency (RF) capacitive
heating device, Thermotron RF-8 (Yamamoto Vinita
Company, Osaka, Japan)[6]. The patient lay in the prone
position. The target was sandwiched with upper and
lower electrodes, and 8 MHz RF wave was applied. We
administered heat to the patient for 40 min after the tumor
temperature had risen to 42 . Tumor temperature was
measured continuously using a needle thermosensor on
each heating. The thermosensor was inserted beside the
tumor from the skin surface through 18-G angiocatheter
under the aid of ultrasonography. The chemotherapeutic
agents employed were cis-platinum (CDDP, 50 mg/m2) in
combination with 5-fluorouracil (5-FU, 800 mg/m 2) or
methotrexate (MTX, 30 mg/m2) in combination with 5-FU
(800 mg/m 2). The hyperthermia and chemotherapeutic
agents were administered simultaneously once weekly
immediately following radiotherapy at 2 Gy. Usually it started
within 15 min after the irradiation (Figure 1). Number of
heat treatments ranged from 2 to 8 sessions (mean±SD,
4.5±2.5). Two cases were retreated (Table 2).

Response and toxicity criteria
The effectiveness of TCRT on the advanced bile duct
carcinoma was evaluated about resolution of biliary
obstruction by cholangiography. Response of obstructed
bile duct was graded as complete regression (CR: more than
80% resolution), partial regression (PR: more than 50%
and less than 80% resolution), and no change (NC).
We examined histologically the state of the bile duct at
autopsy in three patients with advanced bile duct carcinoma
treated with TCRT.
Side effects were evaluated and graded according to the
National Cancer Institute Common Toxicity Criteria[7].

RESUL
TS
RESULTS
Effectiveness of TCRT
In respect to resolution of the bile duct, there were 3 CR,
2 PR, and 3 NC. CR rate and CR+PR rate was 38% and
63%. Mean survival was 13.2±10.8 mo. Four patients
survived for more than 20 mo (Table 3). We placed selfexpandable metallic stent into the patency-restored bile duct
for prevention of restenosis (n = 1) and partially resolved
bile duct (n = 2) after TCRT for improvement of patients’
quality of life (Figures 2A and B). In these three patients,
PTBD tube could be withdrawn.

A

B

Table 2 Thermo-chemo-radiotherapy in each case
Case

Heat
session

Chemotherapy

Dose of radiation (Gy)

1

×4, ×4

MTX + 5Fu

2

×2, ×6

CDDP + 5Fu

46

3

×6

MTX + 5Fu

56

4

×4

MTX + 5Fu

56

5

×4

CDDP + 5Fu

50

6

×2

CDDP + 5Fu

46

7

×2

MTX + 5Fu

50

8

×2

MTX + 5Fu

16

MTX: Methotrexate, 5Fu: 5-fluorouracil, CDDP: cis-platinum.

50+40

Figure 2 A: Completely obstructed upper bile duct was partially resolved after
TCRT; B: self-expandable metallic stent was placed into the patency-restored
bile duct, and PTBD tube could be removed.

Histological findings at autopsy in patients treated with
TCRT
Marked hyalinization or fibrosis with necrosis replaced
extensively bile duct tumor and wall, in which suppressed
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Table 3 Effectiveness of thermo-chemo-radiotherapy and survival
months
Case

Resolution of the bile duct

Survival months

1

Complete response

33

2

Complete response

22

3

Complete response

22

4

Partial response

21.5

5

Partial response

6

6

No change

13.5

7

No change

4

8

No change

2.5

cohesiveness of carcinoma cells and degenerative cells were
sparsely observed. Carcinoma cells were also detected
peripherally. Common bile duct of two cases was not
completely obstructed, though it was partly obstructed with
debris or necrotic mass.
Complication of TCRT
Treatment complications by TCRT were nausea and
vomiting (grades 1 and 2, five cases), gastritis (grade 2, three
cases), leukocytopenia (grade 2, three cases), and
thrombocytopenia (grade 1, one case). These complications
were successfully treated conservatively.

Volume 11

Number 27

suggest that the extracellular pH of the tumor and a hypoxic
environment sensitize tumor cells to direct heat killing[13].
Hyperthermia in combination with radiotherapy for
superficial malignancies has contributed to a better rate of
complete response and reduction in the rate of recurrence
compared with radiotherapy alone[14]. Data on hyperthermia
for deep-seated tumors were still preliminary, because the
heating and thermal measurement techniques were not yet
established. However, the effectiveness of TCRT for deepseated tumors has been recently revealed by prospective
randomized studies[15,16]. The treatment protocol of TCRT
was established and its effectiveness was evidenced by
Sugimachi and his colleagues[17]. They treated esophageal
carcinoma with TCRT and demonstrated significant
improvement in the clinical effectiveness and 5-year survival
ratio. Anatomically, the bile duct is located near the
abdominal wall, which is advantageous to heating and
thermal measurement. Thus, it seems that TCRT may be a
favorable treatment strategy for advanced bile duct
carcinoma.
In conclusion, although our clinical trial was preliminary
and the number of patients was small, the results were better
than we expected. We prefer HCRT in place of aggressive
surgical approach for patients with locally advanced bile
duct carcinoma.
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Optimal treatment of bile duct carcinoma is complete
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Abstract
AIM: Itopride is a newly developed prokinetic agent, which
enhances gastric motility through both antidopaminergic
and anti-acetylcholinesterasic actions. The importance of
esophageal motor dysfunction in the pathogenesis of
gastro-esophageal reflux disease (GERD) makes it
interesting to examine the effect of itopride on esophageal
acid exposure.
METHODS: The effect of itopride on esophageal acid
reflux variables for 24 h was studied in 26 patients with
GERD symptoms, pre-entry total acid exposure time
(pH<4) of more than 5% and mild esophagitis (SavaryMiller grades I, II) proven by endoscopy. Ambulatory 24-h
pH-metry and symptom assessment were performed after
treatments with 150 or 300 mg itopride thrice a day (t.i.
d.) for 30 d in random order, using an open label method.
For evaluating the safety of itopride, blood biochemical
laboratory test was performed and the serum prolactin
level was also examined before and after treatment.
RESULTS: Total symptom score was significantly decreased
after treatment in 150- or 300-mg group. Itopride 300
mg was significantly effective than 150 mg on decreasing
the total per cent time with pH<4, total time with pH<4
and DeMeester score. No serious adverse effects were
observed with administration of itopride in both groups.
CONCLUSION: Itopride 100 mg t.i.d. is effective on
decreasing pathologic reflux in patient with GERD and
therefore it has the potential to be effective in the
treatment of this disease.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Gastro-esophageal reflux disease; Itopride
Kim YS, Kim TH, Choi CS, Shon YW, Kim SW, Seo GS, Nah
YH, Choi MG, Choi SC. Effect of itopride, a new prokinetic,
in patients with mild GERD: A pilot study. World J Gastroenterol
2005; 11(27): 4210-4214

http://www.wjgnet.com/1007-9327/11/4210.asp

INTRODUCTION
Gastro-esophageal reflux disease (GERD) is characterized
by the reflux of gastric content into esophagus with or
without histological changes. However, the excessive reflux
of gastric acid induces some complications such as
esophagitis, esophageal stenosis, cancer, or Barrett’s
esophagus. Pathogenesis of GERD are lower esophageal
sphincter (LES) dysfunction, abnormal clearing capacity of
refluxed materials, delayed gastric emptying and abnormal
resistance of esophageal mucosa to gastric acid, but the
primary motor dysfunction is regarded as the most important
factor in general[1,2]. Therefore, prokinetic agent that restores
gastric motility with increasing of LES and esophageal
motility has been developed and used frequently in the
treatment of GERD[3]. There are several prokinetic agents
such as bethanechol, metoclopramide, domperidone, and
cisapride that potentiate acetylcholine effects on smooth
muscle of gastrointestinal tract or antagonize the activity
of dopamine.
However, these prokinetic agents have some limitations
for prescribing to GERD patients, because they show
uncertain efficacies on GERD except for cisapride and have
some problems in safety[4,5]. Especially, cisapride accelerates
the esophageal acid clearance by an enhancement of
esophageal propulsive motility, which strengthens LES and
stimulates the gastric emptying. So it is regarded that
cisapride has the same efficacy as an inhibitor of gastric
acid secretion for GERD. In spite of these predominant
effects, cisapride is restricted to use because of a safety
problem that it provokes arrhythmia.
Itopride, a new type of the prokinetic agent, acts both
as a dopamine D2 receptor antagonist and as an acetylcholine
esterase inhibitor. It accelerates gastric emptying, improves
gastric tension and sensitivity, and has an anti-emetic action.
And also, itopride was identified to have equivalent efficacy
with cisapride in functional dyspepsia. These mechanisms
of itopride may be useful to GERD patients, but no clinical
data are available from them as yet.
The aim of this pilot study is to evaluate the efficacy of
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itopride for the treatment of GERD by evaluating the
improvement of the clinical symptom and esophageal pH
change.

MA
TERIALS AND METHODS
MATERIALS
Study design
This study was performed prospectively to evaluate the
efficacy and dose-response of itopride for the treatment
of GERD by estimating ambulatory 24-h pH-metry and
clinical symptoms before and after treatment. Patients
satisfying the entry criteria were assigned to two groups by
the randomization allocation schedule and received either
150 or 300 mg of itopride per day.
Inclusion/exclusion criteria
Twenty-six patients (range 18-65 years) who visited the
Department of Internal Medicine in Wonkwang University
and agreed to participate in this study were recruited based
on the following entry criteria:
Inclusion criteria were (1) more than moderate heartburn
symptom; (2) more than one upper dyspeptic symptoms
such as regurgitation, epigastric pain, nausea, vomiting,
dysphagia, chest pain lasting for more than 4 wk; (3) less
than grade II esophagitis by Savary-Miller classification by
endoscopic examination; (4) abnormal acid exposure on
24-h pH-metry (fraction of time of >5% with pH below 4).
For each symptom, the severity scores are as follows: 0
(none) = absent; 1 (mild) = symptom was not spontaneously
reported but elicited upon specific questions; 2 (moderate)
= symptom needs to be treated but not interfered with
normal activities; 3 (severe) = symptom interfered with
normal activities; 4 (very severe) = impossible to do normal
activities due to symptom.
Exclusion criteria were the following: (1) acute esophagitis
related to strong stimuli; (2) corrosive esophagitis by a
toxicant; (3) esophagitis or some symptoms by inflammatory
infection or radiotherapy; (4) regular use of H2 blockers,
prokinetic or anticholinergic agents for previous 4 wk; (5)
previous gastrointestinal surgery; (6) inflammatory bowel
disease; (7) cardiological, respiratory, gastrointestinal disease,
endocrine metabolic disease and neuro-psychological disease;
(8) clinically significant hepatic or renal dysfunction; (9)
pregnancy or lack of adequate contraception in the case of
women at child-bearing age; (10) patients who are
inappropriate to this study by investigator’s opinion.
Study procedures
This study was approved by the institutional review board
of Wonkwang University Hospital and informed consent
was obtained from patients for inclusion in this study. The
patients were asked about basic information and previous
treatment history. And they were screened as physical
examination, vital sign and lab examination. Any drugs that
could influence the study were postponed for at least 1 wk
before that examination.
The baseline symptom of GERD was evaluated by
questionnaire. Endoscopic examination was performed to
check the organic lesion like cancer or ulcer, and to evaluate
the severity of esophagitis. After examination, ambulatory
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24-h pH-metry was carried out.
Patients who met the entry criteria were allocated
randomly to 150- or 300-mg group of itopride. Fifty or
100 mg of itopride was administered thrice per day for
4 wk. After treatment of itopride for 4 wk, physical
examination, vital sign, laboratory test, and symptoms of
GERD were evaluated and ambulatory 24-h pH-metry was
performed.
Efficacy parameters were (1) changes in acid reflux
episodes measured by ambulatory pH-metry such as number
of reflux episodes, number of reflux episodes lasting for
more than 5 min, duration of longest episodes, % time
with pH <4, and DeMeester score; (2) changes in subjective
symptom of patient with GERD.
Safety parameters were (1) results of laboratory test
(biochemistry, complete blood count, urinalysis and prolactin
level); (2) occurrences of adverse events after the treatment.
If adverse events occurred, the time of onset, duration,
severity, relationship to itopride and the requirement of
treatment were evaluated.
Statistical analysis
Two sample t-test and paired t-test were used for continuous
variables presented as a normal distribution; Wilcoxon signed
rank test and Wilcoxon rank sum test were used for those
not presented as a normal distribution. And χ2 test or Fisher’s
exact test was used for categorical variables. All data were
statistically analyzed with SAS package (version 8.0) and
differences with a value of P<0.05 were considered significant.

RESUL
TS
RESULTS
Patients’ characteristics
The mean age and body weight of patients in 150-mg group
were 44±9 years and 64±11 kg, those of patients in 300-mg
group were 45±12 years and 61±12 kg. Seven were men,
six were women in 150-mg group and five were men, eight
were women in 300-mg group.
Baseline characteristics of patients in two groups are
detailed in Table 1 and no statistical differences were noted
Table 1 Clinical characteristics of patients
150 mg
Age (yr)
Sex

44±9
7
6
Weight
64±11
Duration of reflux disease <6 mo
5
6 mo–2 yr 6
>2 yr
2
Pre-medication
Yes
2
No
11
Endoscopy
0
5
(Savary-Miller grade)
I
7
II
1
Drinking
Yes
2
No
11
Smoking
Yes
3
No
10
Male
Female

P value by χ2 test except for 1two sample t-test.

300 mg

P

45±12
5
8
61±12
2
8
3
1
12
7

0.8141
0.734

5
1
3
10
3
10

0.4281
0.412

0.828
0.717

0.884
1
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in the past history, smoking and drinking history and
endoscopic results.
Efficacy of itopride on GERD symptoms
A significant improvement of all symptoms including
heartburn, a main symptom of GERD, was identified after
the 150 and 300 mg of itopride treatment compared with
the pre-treatment (Figure 1A). No statistically significant
differences were found between two groups in the symptom
improvement (Figure 2B).

B

3

150 mg/d Group
300 mg/d Group

Mean total symptom score

Number 27

Safety of itopride
Itopride was well tolerated and only minor adverse events
were reported. There were no significant changes in the
mean level of prolactin with the 4-wk treatment of 150- or
300-mg itopride (Figure 3). In two patients of the 300-mg
group, prolactin level was increased over 15 ng/mL, but
there were no adverse events like lacteal secretion.

2
b

150 mg/d Group

1
1

0

Pre

Post

12

150 mg/d Group
300 mg/d Group

8

300 mg/d Group

30

0
Post

Figure 3 Change in mean level of prolactin after itopride treatment. The level
of prolactin was not changed after treatment of itopride in GERD.

d
4

d

Pre

Post

Figure 1 A: Change in mean heartburn score after treatment of itopride. The
heartburn score of patients with GERD was improved in both groups of itopride
significantly. bP<0.0001, 1P = 0.0006 vs pretreatment by paired t-test; B: Change
in mean total symptom score after treatment of itopride. The mean total symptom
score of patients with GERD was improved in both groups of itopride significantly.
d
P<0.0001 vs pretreatment by paired t-test.

500

Itopride 150 mg

400

Itopride 300 mg

300
200
1

100
0

60

Pre

0

Mean number of acid refluxes

Volume 11

pH<4, per cent time with pH<4 and DeMeester score
were significantly improved in 300-mg group compared
with the pre-treatment (Figure 2). In 150-mg group, itopride
significantly reduced the duration of longest episode
compared with the pre-treatment. The individual values of
acid reflux variable before and after treatment with 150 or
300 mg of itopride are given in Table 2.

Mean level of prolactin

Mean heartburn score

A

July 21, 2005

Pre

Post

Figure 2 Change in mean number of acid refluxes after itopride treatment.
Mean number of acid refluxes was significantly improved in 300-mg group.
1
P = 0.057 vs pretreatment by Wilcoxon’s signed rank test.

Efficacy of itopride on esophageal acid reflux variables
Among the acid reflux variables recorded, total time of

DISCUSSION
The result of this pilot study demonstrates that itopride
decreases esophageal acid reflux and relieved symptoms
without any significant adverse event in patients with GERD.
These results show that itopride can improve the pathologic
conditions of GERD.
The aims of treatment for GERD are relief of symptoms
and healing of damaged lesion if endoscopic or pathologic
examinations revealed mucosal damage of esophagus.
Currently, it is being considered that long-term treatment
is required because GERD has been regarded as chronicrelapsing disease like hypertension and diabetes mellitus[12,13].
Among several therapeutic drugs, a prokinetic agent has
been used for the treatment and improvement of pathogenic
mechanism of GERD such as gastrointestinal motility
disorder, incompetent LES relaxation, impaired esophageal
acid clearance, and prolonged gastric emptying. Among the
kinds of prokinetic drugs, many studies have focused on
the effect of cisapride on GERD. In one of them, cisapride
increased tones of esophageal peristalsis and LES dosedependency in healthy subjects[14,15]. On the contrary, in the
other study, cisapride did not have any influence on the
postprandial esophageal peristalsis, gastric acid[16] and LES
pressure[17] in healthy subjects.
Even though this study does not confirm the efficacy
of itopride on the esophageal peristalsis and LES, considering
that itopride improves symptoms of the patients with GERD
and decreases acid reflux effectively, we can speculate that
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Table 2 Changes of acid reflux variables and DeMeester score in 26 patients with GERD after treatment with 150 or 300 mg of itopride
Variable
Number of acid refluxes

Number of acid refluxes longer than 5 min

Longest time acid refluxes (min)

Total time below pH 4 (min)

Fraction time below pH 4 (%)

DeMeester score

Group (mg/d)

Itopride Tx.

n

Mean

SD

P

150

Pre
Post

12
12

99.25
76.92

88.57
60.53

0.97

300

Pre
Post

13
13

150.77
52.23

246.15
39.79

0.057

150

Pre
Post

12
12

6.08
3.83

5.32
5.32

0.287

300

Pre
Post

13
13

6.23
2.69

5.12
2.5

0.054

150

Pre
Post

12
12

30.55
14.09

33.37
11.03

0.018

300

Pre
Post

13
13

30.25
20.78

56.4
33.64

0.289

150

Pre
Post

12
12

138.42
92.09

98.56
78.07

0.16

300

Pre
Post

13
13

145.08
71.77

86.1
51.43

0.011

150

Pre
Post

12
12

11.13
10.12

9.26
12.69

0.211

300

Pre
Post

13
13

11.2
5.27

6.69
3.57

0.005

150

Pre
Post

12
12

32.5
22.89

16.96
18.75

0.16

300

Pre
Post

13
13

44.48
19.56

37.5
14.72

0.007

itopride exerts some effects on improving esophageal motor
dysfunction. Further studies will be required for making
out the effect of itopride on the esophageal motor
dysfunction of GERD.
From the viewpoint of improving symptom and healing
mucosa, it was observed that administration of cisapride
10 mg four times a day (q.i.d.) and 20 mg twice a day (b.i.
d.) improved the esophageal reflux compared with placebo,
and cisapride had the same effect as H2 blocker on treatment
of patients with mild esophagitis [6,7]. Additionally, it was
reported that a combination therapy with cisapride and H2
blocker was more effective than monotherapy in patients
with severe reflux esophagitis[18].
Although a few studies on functional dyspepsia show
that the efficacy of itopride was equivalent to that of
cisapride[11], this is the first study reporting that administration
of itopride for 4 wk improves symptoms of GERD
including heartburn (the main symptom of GERD) in both
150- and 300-mg group. So hereafter, additional studies
will be required for evaluating the effect of itopride
monotherapy or combination therapy with H 2 receptor
inhibitors on the esophagitis with mucosal damage as the
initial and maintenance treatment.
The most standard method to measure the variation of
esophageal acid is ambulatory 24-h pH-metry. In other
studies using a similar method, cisapride 10 mg q.i.d. for
8 wk was more effective than placebo in terms of decreasing
the number of reflux episodes, duration of longest episode,
and percent time with pH<4. These results suggest that
cisapride is useful for acid reflux in patients with GERD[19].
In the study of mosapride 40 mg every day (q.d.) for
2 d, it reduced the number of reflux episodes, the number
of reflux episodes >5 min, and percent time with pH<4
and improved acid clearance time[20]. In this study, itopride

100 mg t.i.d. for 4 wk was effective in decreasing percent
time with pH <4 and DeMeester score. In this regard, it
can be considered that itopride has a similar effect on
decreasing acid reflux as cisapride or mosapride, although
it is different in the action mechanism or duration of
treatment from cisapride or mosapride[9,10].
The action mechanism of itopride on the reflux variables
is unclear so far. But, dual mechanism of itopride,
acetylcholine esterase inhibitory action and antagonistic
activity on dopamine D2 receptor, which is known to inhibit
activities of acetylcholine [21] , seems to make this drug
effective on promoting the esophageal and gastrointestinal
movement and on improving acid clearance. It has been
known that the threshold of itopride to promote
gastrointestinal motility is higher than that of cisapride,
metoclopramide and domperidone[8].
Prokinetic drugs that inhibit dopamine D2 receptor may
elicit some adverse events such as fatigue, confusion,
extrapyramidal symptom, and hyperprolactinemia that
cause lacteal secretion or breast enlargement. Although
there was no extensive study concerned about safety of
itopride, the development of extrapyramidal symptom or
hyperprolactinemia was uncommon with the administration
of usual dosage of itopride (150 mg/d). In this study, there
was no hyperprolactinemia and extrapyramidal symptoms
in 150-mg group of itopride and there were two cases
showing over 15 ng/mL of prolactin level in 300-mg group
of itopride without adverse events like lacteal secretion[22].
Taken together, these results demonstrate that the
administration of 150 or 300 mg of itopride for 4 wk
improves symptoms of GERD and that the administration
of 300 mg of itopride for 4 wk improves mild esophagitis
and pathologic acid reflux. Therefore, itopride can be useful
for treatment of the patients with GERD.
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Abstract
AIM: To analyze the characteristics of multiple primary
malignancies (MPMs) of digestive system; including
incidence, types of tumor combinations, time intervals
between development of multiple tumors, clinical course,
and prognostic factors affecting survival and mortality.
METHODS: Data from a total of 129 patients treated from
January 1991 to December 2000 for pathologically proved
MPMs, including at least one originating from the digestive
system, were reviewed retrospectively.
RESULTS: Among 129 patients, 120 (93.02%) had two
primary cancers and 9 (6.98%) had three primary
cancers. The major sites of MPMs of the digestive system
were large intestine, stomach, and liver. Associated nondigestive cancers included 40 cases of gynecological
cancers, of which 31 were carcinoma of cervix and 10
cases of genitourinary cancers, of which 5 were bladder
cancers. Other cancers originated from the lung, breast,
nasopharynx, larynx, thyroid, brain, muscle, and skin.
Reproductive tract cancers, especially cervical, ovarian,
bladder, and prostate cancers were the most commonly
associated non-GI cancers, followed by cancer of the lung
and breasts. Forty-three cases were synchronous, while
the rest (86 cases) were metachronous cancers. Staging
of MPMs and treatment regimes correlated with the
prognosis between survival and non-survival groups.
CONCLUSION: As advances in cancer therapy bring
about a progressively larger percentage of long-term
survivors, the proportion of patients with subsequent
primary lesions will increase. Early diagnosis of these

lesions, based on an awareness of the possibility of
second and third cancers, and multidisciplinary treatment
strategies will substantially increase the survival of these
patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Many types of cancer, when treated early and aggressively,
can be cured. The potential, however, for cancer to occur
independently a second time, or more often, in the same
patients remains an ever present risk. Interest in multiple
primary malignancies (MPMs) is long-standing since Warren
and Gates in 1932. He proposed that each suspected primary
tumor (1) must be clearly malignant as determined by
histological evaluation; (2) must be geographically separate
and distinct. The lesion should be separated by normal
appearing mucosa. If a secondary neoplasm is contiguous
to the initial primary tumor or is separated by mucosa with
intraepithelial neoplastic changes, the two should be
considered as confluent growth rather than multi-centric
carcinomas; and (3) the possibility that the second neoplasm
represents a metastasis should be excluded. The observation
that the invasive carcinoma arises from an overlying
epithelium, which demonstrates a transition from carcinoma
in situ to invasive carcinoma, is helpful, and when the
separate foci have significant differences in histology, the
diagnosis of separate primary cancers is appropriate[1,2].
Multiple primary cancers may be synchronous or
metachronous depending on the interval between their
diagnosis. Synchronous cancers are diagnosed simultaneously
or within an interval of about 6 mo, and metachronous
cancers are secondary cancers that developed more than
6 mo after the diagnosis of primary cancers usually after
treatment of primary lesions[2].
MPMs were classified into four types: (1) multicentric,
if the two distinct carcinomata arise in the same organ or
tissue; (2) systemic, if they arise on anatomically or
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functionally allied organs of the same system (colon and
rectum cancers), (3) paired organs, as in the breasts, and (4)
random, if they occur as a co-incidental or accidental
association in unrelated sites[3].
The development of more sophisticated invasive and
non-invasive diagnostic tools has made it possible to detect
cancer at an early stage. Furthermore, it has contributed to
the detection of synchronous occult tumors, which were
formerly overlooked.
An individual developing more than one primary tumor
in anatomically and functionally unrelated organs may be
considered as cancer-prone. People with a family history
of cancer will inherit genetic cancer susceptibility as a
risk factor for cancer. Gene mutations influence cancer
susceptibility through changes of metabolism and catabolism
of carcinogens. Tumor suppressor genes, such as p53 and
FHIT, may be candidates for target genes of these risk
factors[4]. Genetic instability is also considered as a driving
force behind carcinogenesis and the alterations of the length
of single repetitive genomic sequences or microsatellite
instability, implicating impaired DNA repair mechanism[5].
People with newly diagnosed cancers and survivors of
earlier cancers who have genetic cancer susceptibility,
therefore, have an increased risk of MPMs.
This study has analyzed the incidence of MPMs in digestive
system, as well as the different tumor combinations, time
interval between occurrence of tumors, staging, clinical course,
and prognostic features of survival and non-survival groups.
The purpose of this study is to determine whether certain
organs or systems are particularly susceptible to second or
third primary cancers and, by clarifying this tendency, to
aid in the early diagnosis of these lesions.

MA
TERIALS AND METHODS
MATERIALS
Retrospective data from a total of 9 807 patients treated at
the Mackay Memorial Hospital from January 1991 to
December 2000 for pathologically proven cancer were
reviewed from the Cancer Registry. Of these, 246 patients
had multiple primary cancers, among which 129 (58 males
and 71 females) had MPMs in the digestive system and
were included in this study.
The histological criteria described by Warren and Gates[1]
and Moertel et al. [3], were used for diagnosing multiple
separate primary malignancies.
Clinical histories, diagnostic methods, histology, staging,
and clinical course of each tumor were reviewed in all
patients. The age at the onset of the primary cancer and
the time intervals between two or more cancers were
recorded. The distribution of the digestive and associated
non-digestive cancers in these 129 patients was also
investigated. Fifty-two patients had received previous
radiotherapy or chemotherapy for their first cancers, and
interval between the first and second cancers were recorded.
All tumors had been staged according to the American
Joint Committee on Cancer TNM staging system[6]. The
prognostic factors between survival and non-survival groups
were analyzed for double primary cancers.
The differences between groups were analyzed by
Student’s t-test for continuous variables and the χ2 test for
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categorical data. A P value of <0.05 was considered as
statistical significance.

RESUL
TS
RESULTS
Among the 9 807 pathologically proven cancer patients,
246 had MPMs, with an incidence of 2.5%. Among these,
129 (52.43%), including 58 males (44.96%) and 71 females
(55.04%), had MPMs of the digestive system. One hundred
and twenty patients (93.02%) had two primary malignancies,
and nine (6.98%) had three primary malignancies. The age
at onset of the primary cancers ranged from 29 to 89 years
(mean 60.3±13.05 years) in double cancers, and 43 to
68 years (mean 50.22±7.9 years) in triple cancers. Forty-three
patients (35.8%) were over 65 years of age. Fifty-two patients
(40.3%) had received previous radiotherapy or chemotherapy
for their first cancer. The interval between the first and
second cancers was 0.5-28 years (mean 8.1±2.5 years) and
0.5-5 years (mean 3.2±3.7 years) in the 32 patients receiving
radiotherapy and the 17 patients receiving chemotherapy
respectively.
The distribution and incidence of MPMs of the digestive
system are shown in Table 1. The major site for MPMs of
the digestive system was the large intestine (colon, 23.17%;
rectum, 25.82%), followed by the stomach (23.17%) and
liver (15.23%).
Distributions of associated non-digestive cancers in
patients with MPMs are shown in Table 2. There were
Table 1 Distribution of MPMs in digestive tract
Site

Number of MPMs Total number Incidence (%) % in GI MPMs

Esophagus
Stomach
Small bowel
Ampulla Vater
Liver
Gall bladder
Pancreas
Colon
Rectum

8
35
3
3
23
2
3
35
39

374
1 770
76
76
2 081
58
303
1 010
1 059

2.14
1.98
3.95
3.95
1.11
3.45
0.99
3.47
3.68

5.29
23.17
1.98
1.98
15.23
1.32
1.98
23.17
25.82

From January 1991 to December 2000.

Table 2 Distribution of associated non-GI cancers in patients with
MPMs in digestive system
Site
Gynecological cancers
Cervix
Endometrium
Ovary
Genitourinary cancers
Bladder
Kidney
Prostate
Lung
NPC
Breast
Skin
Thyroid gland
Neuromuscular tumor
Tongue
Gum
Brain

n (%)

%

40
31/40 (77.50)
2/40 (5)
7/40 (17.50)
10
5/10 (50)
2/10 (20)
3/10 (30)
10
5
10
4
2
2
2
1
1

45.97

11.49

11.49
5.74
11.49
4.59
2.29
2.29
2.29
1.14
1.14
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40 cases (45.97%) with gynecological cancers, of which
31 cases (77.5%) were carcinoma of uterine cervix; 10 cases
(11.49%) with genitourinary cancer, among which 5 (50%)
had bladder cancers and 3 (30%) had prostate cancers.
The most common tumor combination in double
primary malignancies (both cancers originating from the
digestive tract) was colon and rectum (10 cases), as shown
in Tables 5-8.
The most common tumor combination in double primary
malignancies (at least one originating from the digestive
system) was rectum and cervical cancer (14 cases) and shown
in Table 4.
Nine patients had triple cancers (Table 9). Mean time
interval between diagnosis of the first and second primary
cancer was 7.2±3.86 years and for the second and third
cancer was 5.24±3.85 years. Two out of these nine patients
had initial squamous cell cancers of cervix and nasopharynx

Table 3 Distribution of synchronous and metachronous MPMs in
digestive system
Site
Colon
Stomach1
Liver1
Esophagus1
Others1
Double GI
Total

13
8
6
0
0
16
43

(1)

(2)

10
3
1
1
2
30
47

19
11
7
1
1
0
39

1

Exclude double GI cases. (1): Primary GI tract cancer, secondary cancers of
other sites. (2): Primary cancers of other sites, secondary GI tract cancers.

Table 4 Distribution of MPMs in large intestine: 42 cases1
Subgroup
(1)

Large intestine

n

Colon

5

Rectum

(2)

Colon

Rectum

(3)

1

Table 5 Distribution of MPMs in stomach: 22 cases1
Subgroup

Stomach

n

Non-GI cancers

n

(1)

Adenocarcinoma

3

(2)

Adenocarcinoma

11

(3)

Adenocarcinoma

8

Right breast
NPC
Cervix
Prostate
Bladder
Left kidney
Tongue
Larynx
NPC
NPC
Lung
Prostate
Bladder
Skull

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

Metachronous (n)

Synchronous (n)
1

and developed synchronous adenocarcinoma of rectum and
colon, with disease intervals of 9.4 and 5.9 years respectively.
Most of the tumors in double or triple primary malignancies
were diagnosed at stages 3 or 4. Synchronous cancers were
found in 43 cases, while 86 cases had metachronous cancers,
among which 13 cases developed secondary cancers more
than 10 years after diagnosis of primary malignancies
(Tables 3 and 10).
There were no significant differences between the
survival and non-survival groups in terms of age, gender,
and time interval between first and second primary cancers.
However, stage of tumor, especially stages 1-3 and radical
treatment regimes correlated with prognosis in these two groups.

5

7

12

Non-GI cancers

1

Exclude double GI cases (12 cases). (1): Primary GI tract cancer, secondary cancers
of other sites. (2): Primary cancers of other sites, secondary GI tract cancers. (3):
Synchronous.

Table 6 Distribution of MPMs in liver: 14 cases1
n

Subgroup

Liver

n

Non-GI cancers

n

(1)
(2)

Hepatoma
Hepatoma

1
7

(3)

Hepatoma

6

Bladder
Cervix
Right breast
Right leg
Gum
Skull
Right kidney
Lung

1
4
2
1
1
1
1
3

Cervix
Larynx

1
1

Lung
Uterus

1
1

Left breast
Ovary

1
1

Cervix
Right breast

2
1

Bladder
Cervix

1
2

Ovary
Thyroid

1
1

Right thigh
Bladder

1
1

Nose
Cervix

1
9

Site

n

Site

n

Right breast
Thyroid

1
1

Esophagus

2

Stomach

3

Duodenum
Sigmoid colon

1
3

Rectum
Liver

3
4

Stomach
Gall bladder
Rectum
Gall bladder
Sigmoid colon
Sigmoid colon
Appendix
Rectum
Ascending colon
Hepatic flexure
Stomach

1
1
1
1
1
1
1
2
3
1
3

Colon

7

Brain
Cervix

1
3

Rectum

6

Ovary
Cervix

4
3

Left breast
Lung

1
2

Excluding double primary GI tract cancers (22 cases). (1): Primary GI tract
cancer, secondary cancers of other sites. (2): Primary cancers of other sites,
secondary GI tract cancers. (3): Synchronous.

1

Exclude double GI cases (10 cases). (1): Primary GI cancer, secondary cancers
of other sites. (2): Primary cancers of other sites, secondary GI cancers. (3):
Synchronous.

Table 7 Distribution of synchronous double GI MPMs: 16 cases
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Table 8 Distribution of metachronous double GI MPMs: 30 cases
1st cancer

n

2nd cancer

n

Esophagus

3

Stomach
Liver

1
2

Stomach

4

Rectum
Esophagus

1
1

Liver
Pancreatic head

1
1

GIST of ileum
Ampulla Vater

1
2

Liver
Liver

1
2

Appendix
Cecum

2
2

Rectum
Stomach

2
2

Colon

6

Liver
Stomach

2
1

Pancreatic head
Stomach

3
1

Liver
Transverse colon

1
5

Esophagus

3

Rectum

10

Table 9 Sites and dates of diagnosis of triple primary cancers (nine
cases)
Age (yr)/sex First primary

Second primary

Third primary

6/93 Rectum
8/88 Rectum

6/93 Sigmoid colon
8/95 Ascending colon

68/Female
46/Female

3/84 Cervix
9/85 Cervix

49/Female
47/Female

8/84 Ovary
8/79 Breast

50/Male
45/Male

6/82 Stomach
8/84 Stomach

43/Male
46/Female

3/89 Nasopharynx 2/95 Sigmoid colon 2/95 Rectum
1/84 Larynx
4/88 Sigmoid colon 3/91 Esophagus

58/Female

3/71 Right breast

10/86 Cervix
9/89 Cervix
5/85 Skin
3/86 Prostate

3/90 Rectum
10/97 Liver
4/91 Ascending colon
1/92 Ascending colon

6/82 Sigmoid colon 6/92 Ascending colon

The age listed is that at the time of diagnosis of the first primary.

Table 10 Demographic and clinical data in survival and non-survival
groups1
Survival n = 40
Median age (yr)

Non-survival n = 80

61.50±13.60

60.00±14.78

(29–84)

(30–89)

P
0.46

Gender
Male

16

39

Female

24

41

0.18

32.98±18.58

0.49

2

<0.01b
<0.01b

Time interval (mo)

32.78±27.07

0.18

Staging
Stage 1

14

Stage 2

19

2

Stage 3

6

41

0.04a

Stage 4

1

35

0.16

Treatment regimes2
Radical

36

16

<0.01b

Palliative

2

36

0.08

Supportive

2

28

0.08

1

Excluding triple primary cancers nine cases. 2Radical treatment includes radical
surgery±radiotherapy±chemotherapy. Palliative treatment includes palliative
surgery±radiotherapy±chemotherapy. aP<0.05, bP<0.01 vs others.

DISCUSSION
The presence of a single tumor does not offer immunity
against the development of second, third, or additional
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primary malignant lesions in the same patient. Multiple
primary malignant tumors in the same individual are
experienced more frequently as advances in cancer
treatment prolong life. Improved survival rates for patients
with neoplastic disease, largely due to early diagnosis, allow
more patients to survive long enough to develop subsequent
primary tumors.
The incidence of MPMs has been carried out by the
review of cancer registries in several countries, and ranged
from 0.7 to 11%[7-10]. In our study, the incidence of MPMs
was 2.21%, which was similar to the 2.6% as reported by
Okamoto et al.[11].
In our study, the major site of MPMs in the digestive
system was the large intestine, followed by stomach and
liver. Cancers of the large intestine, particularly hereditary
nonpolyposis colorectal cancers, were associated with
increased frequencies of endometrial and ovarian cancers[12].
However, MPMs of large intestine in our study were most
commonly associated with carcinoma of cervix (17 cases)
and stomach (8 cases), while only two were associated with
carcinoma of endometrium and six were with ovarian
cancers. The significance of these differences may be due
to the fact that carcinoma of cervix is much more common
than endometrial cancer in our country. Unfortunately, no
genetic evaluation was performed in our patients.
The predilection of MPMs for the large intestine is noted
in numerous reports in the literatures[13-15]. In our series, 49
of 129 patients (37.98%) had colorectal malignancy as the
first primary lesion. Of these, seven (14.28%) had a second
primary cancer in the colon or rectum and four (8.16%)
had a second primary cancer in the stomach. The interval
between the diagnosis of the first primary colorectal cancer
and the development of the second colorectal carcinoma
averaged 7 years, and ranged from 1½ to 14 years. This
suggests that patients without evidence of disease for
5 years after operation of colorectal cancers still require
careful follow-up studies of gastrointestinal tract.
Genitourinary cancers, especially cervical and ovarian
cancers, bladder and prostate cancers were the common
associated non-GI cancers, followed by cancers of lung
and breast. Thus, attention should be paid to these sites
during the period of post-operative follow-up of the first
primary cancer.
The majority of MPMs may occur as a result of random
chance[16]. Nonetheless, different mechanisms have been
considered to be involved in MPMs, such as intense exposure
to carcinogens, the effects of chemo- and/or radiotherapy
and the influence of genetic predisposition.
Both the chemo- and radiotherapy have been shown to
be carcinogenic in several reports[17,18]. In our study, 52
patients (40.3%) had received previous radiotherapy or
chemotherapy for their first cancer, and the interval between
the first and second cancers was 0.5-28 years (mean 8.1 years)
and 0.5-5 years (mean 3.2 years) in the 32 patients receiving
radiotherapy and the 20 patients receiving chemotherapy
respectively. This suggests that radiotherapy and/or
chemotherapy may play an important role in the
development of MPMs.
The main problem in proving a correlation between
antineoplastic therapies and secondary cancer may be
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attributable to detection bias rather than to carcinogenic
therapy[19]. Beyond an increased zeal in searching, diagnostic
agents and methods have improved such that the detection
of cancer today is enhanced by improvements in technology,
cytogenetics, and surveillance.
Based on a pooled analysis involving 316 relatives of
12 families, Lynch et al.[20], have demonstrated a 21.5%
incidence of MPMs, a consistent 3% risk for a second
primary cancer in each year of survival following the first
onset, and a significantly higher 6.9% risk per year for the
development of a third primary cancer following the second
neoplasm.
In our study, there were no significant differences
between the survival and non-survival groups in terms of
age, gender, and time intervals between first and second
primary cancers. Only stage of tumors, especially stages
1-3, and radical treatment regimes correlated with prognosis
in these two groups.
Two important inferences can be obtained from our
analysis: (1) the early diagnosis of a second primary lesion
may alter survival rate. Hence more intensive surveillance
and appropriate cytogenetic and molecular studies should
be developed in order to improve strategies to detect MPMs,
and (2) multidisciplinary treatment strategies are important
to ameliorate quality of life and survival rates in patients
with MPMs.
It is fundamental that patients who have been treated
for cancers require careful follow-up studies. When
symptoms and signs of tumor develop in a patient who has
been treated for an initial cancer, they should not be
assumed to represent metastases. The possibility of a
localized and curable second primary cancer should be
considered and evaluated. As advances in cancer therapy
bring about a progressively large percentage of long-term
survivors, the proportion of patients with subsequent
primary lesions will increase. Early diagnosis of these lesions,
based on an awareness of the possibility of second and
third cancers, and multidisciplinary treatment will
substantially increase the survival of these patients.
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Abstract
AIM: To outline the surgical experience with donor liver
splitting in split liver transplantation.
METHODS: From March 1 to September 1 in 2004, 10
donor livers were split ex situ into a left lateral lobe
(segments II and III) and a right extended lobe (segments
I, IV–VIII) in Medical School of Hannover, and thereafter
split liver transplantation was performed successfully in
19 cases. The average age, weight and ICU staying period
of the donors were 32.7 years (15-51 years), 64.5 kg
(45-75 kg) and 2.4 d (1-8 d) respectively.
RESULTS: The average weight of the whole graft and the
left lateral lobe was 1 322.6 g (956-1 665 g) and 281.8 g
(198-373 g) respectively, and the average ratio of left
lateral lobe to the whole graft was 0.215 (0.178-0.274).
The average graft to recipient weight ratio (GRWR) of
the left lateral lobe and the right extended lobe reached
2.44% (1.22-5.41%) and 1.73% (1.31-2.30%) respectively.
On average it took approximately 105 min (85-135 min)
to split the donor liver. Five donor organs showed anatomic
variation including the left hepatic vein variation in two
cases, the left hepatic artery variation in two cases and
the bile duct variation in one case.
CONCLUSION: Split liver transplantation has become a
mature surgical technique to expand the donor pool with
promising results. In the process of graft splitting, close
attention needs to be paid to potential anatomic variations,
especially to variations of the left hepatic vein, the left
hepatic artery, and the bile duct.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Orthotopic liver transplantation (OLT) has been widely
accepted as an effective treatment for end-stage liver diseases.
The advent of new immunosuppressive agents and refinement
of the surgical techniques have accounted for remarkable
progress in the years since the first OLT was performed in
1963. Thousands of patients who would have died otherwise
have been saved by the improved results of organ transplantation. However, the past two decades have also witnessed
an exceptional increase in the number of patients awaiting
liver transplantation, and the ever-growing great disparity
between demand and supply of donor organs has become
the major limiting factor for further expansion of liver
transplantation. Hence, a death rate on the waiting of
10-15% would even be underestimated[1]. Historically, the
situation has been worse for children because of the difficulty
of finding size-matched donor organs [2]. However, the
development of a reduced-size liver transplant technique
has provided a first step to alleviate this problem[3-5]. Although
such technique does not increase the number of grafts
available, it shifts available organs from adult to pediatric
recipient. Obviously, split liver transplantation, first successfully
performed in the Medical School of Hannover [6], is
becoming an efficient approach to expand the donor pool
for both adults and children.
MA
TERIALS AND METHODS
MATERIALS
From March 1 to September 1 in 2004, a total of 10 donor
livers were split ex situ in Medical School of Hannover. All
these donor livers were divided into a left lateral lobe (segments
II and III) and a right extended lobe (segments I, IV-VIII),
and thus making available split liver transplantation to 19
patients (in 6 cases the right extended lobe was sent to another
transplantation center). The average age and weight of those
10 brain death donors were 32.7 years (15-51 years) and
64.5 kg (45-75 kg) respectively. Before the organ procurement,
the average ICU stay of the donors was 2.4 d (1-8 d), and
the average serum level of AST, creatinine, sodium and
total bilirubin was 53.0 IU/L (14-122 IU/L), 0.91 mg/dL
(0.40-1.25 mg/dL), 148.5 mmol/L (137-158 mmol/L), and
0.70 mg/dL (0.09-1.60 mg/dL) respectively.
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Ten pediatric patients, three boys and seven girls, received
left lateral lobe liver transplantation. The average age and
weight of the pediatric recipients were 48.1 mo (5-82 mo)
and 14.3 kg (6.9-23.8 kg) respectively. Indications included
seven cases of congenital biliary atresia (one child receiving
liver re-transplantation due to chronic rejection after the
first transplant), two cases of progressive familial intrahepatic
cholestasis and one case of acute liver failure. Nine adult
or adolescent patients, five males and four females, received
right extended lobe liver transplantation. The average age
and weight of the adult recipients were 30.7 years (10-49 years)
and 64.1 kg (39.9-88.5 kg) respectively. Indications included
four cases of postnecrotic cirrhosis, two cases of primary
sclerosing cholangitis, one case of Wilson’s disease, one case
of autosomal recessive polycystic kidney deficiency combined
with liver fibrosis, and one case of acute liver necrosis caused
by ligation of the hepatic artery due to rupture of the hepatic
arterial aneurysm. Two patients were emergency cases, one
due to postnecrotic cirrhosis and the other due to acute
liver necrosis (Tables 1 and 2).
The key to successful liver division is to share vascular
and biliary structures between the two sides but without
handicapping either, and preferably to provide either graft
with single first order arterial and biliary elements. Normally,
the inferior vena cava, the common bile duct, and the main
trunk of the portal vein as well as the hepatic artery are
preserved for the right extended graft. We emphasize on
performing dissection of the hepatic hilum only from the
left side and always keeping the right side untouched, the
steps of ex situ splitting the donor liver into a left lateral
lobe and a right extended lobe were described briefly as

follows: (1) completing the conventional bench hepatic graft
preparation and resecting the gallbladder, briefly checking
the portal vein, the hepatic artery, the bile duct, and the
hepatic vein; (2) exposing the left hepatic artery and
identifying the segment IV artery, and then transecting the
left hepatic artery distally to the origin of segment IV artery;
(3) isolating and transecting the left portal vein, and ligating
the branches supplying segment IV originating from left
portal vein; (4) splitting the liver parenchyma step by step
along with umbilical scissure from downward to upward,
and the various tiny vessels and bile ducts handled with
ligation or metal clips; (5) exposing the left hepatic vein
when dividing close to suprahepatic inferior vena cava, and
then transecting the left hepatic vein leaving a suitable stump;
(6) finally transecting the bile duct connecting the two parts
of donor liver; and (7) injecting cold preservation solution
via portal vein, hepatic artery as well as bile duct to check
for leaks. None of these 10 cases of donor livers was applied
cholangiography or angiography in the process of splitting.

RESUL
TS
RESULTS
All the 10 donor livers were split successfully into a left
lateral lobe (segments II and III) and a right extended lobe
(segments I, IV-VIII), and subsequently split liver
transplantation was performed in 19 cases. The average
weight of the whole graft before splitting was 1 322.6 g
(956-1 665 g), and the average weight of the left lateral
lobe and the right extended lobe after splitting was 281.8 g
(198-373 g) and 1 075.8 g (726-1 299 g) respectively. The
average ratio of left lateral lobe to total graft was 0.215

Table 1 Basic data of donors
Age/Sex

Height (cm)/weight (kg)

ICU (d) AST (IU/L)

Crea (mg/dL)

Na (mmol/L)

BIL (mg/dL)

Whole graft weight (g)

1
2

15/M
35/M

168/70
185/50

1
3

22
14

1.20
1.10

152
152

1.60
0.63

1 290
1 580

3
4

46/F
43/F

176/70
175/70

2
2

16
122

0.80
1.25

153
158

0.09
0.48

1 296
1 435

5
6

37/F
51/F

170/75
160/45

8
2

77
28

1.22
0.40

137
146

0.28
0.70

1 665
1 000

7
8

40/F
15/F

170/65
175/65

2
1

23
94

0.59
1.01

138
153

0.10
1.56

1 209
1 225

9
10

27/F
18/F

175/75
165/60

2
1

30
105

0.70
0.80

155
144

0.88
0.71

956
1 570

Table 2 Basic data of recipients receiving left lateral lobe and right extended lobe liver transplantation
Patients receiving left lateral lobe
Age (m) /sex

Weight (kg)

1

74/F

2
3

50/F
72/F

4
5

Patients receiving right extended lobe

Graft weight (g)

GRWR (%)

Age (yr) /sex

Weight (kg)

Graft weight (g)

GRWR (%)

18.6

242

1.30

15.0
15.7

281
318

1.87
2.03

46/M

80.0

1 048

1.31

42/F
49/M

88.5
70.5

1 299
978

1.47
1.39

78/F
5/M

21.9
6.9

275
373

1.26
5.41

17/M
49/F

60.5
63.0

1 160
1 292

1.92
2.05

6
7

20/F
11/F

10.0
7.1

274
268

2.74
3.72

14/F

64.6

941

1.46

8
9

8/M
82/M

7.8
16.2

270
198

3.46
1.22

26/M
10/M

55.0
39.9

955
758

1.73
1.90

10

81/F

23.8

319

1.34

23/F

54.5

1 251

2.30

The right extended lobe from case 6 was sent to the other center.
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(0.178-0.274). The average GRWR of the left lateral lobe
and the right extended lobe reached 2.44% (1.22-5.41%)
and 1.73% (1.31-2.30%) respectively. The average weight
ratio of donor to pediatric recipient was 5.47 (2.52-10.87).
The average time required to split the donor liver was
105 min (85-135 min).
A total number of five anatomic variations occurred in
the process of graft splitting. The left hepatic vein variation
occurred in two cases, where the segment II hepatic vein,
the segment III hepatic vein and the middle hepatic vein
draining separately into inferior vena cava appeared to be a
trifurcation at the junction. In order to obtain a sufficiently
long left hepatic vein, some part of the lateral wall of the
middle hepatic vein and suprahepatic inferior vena cava
was sacrificed, the defect was repaired with part of donor
common iliac vein (Figures 1 and 2). Two donor organs
had anatomical variations of the left hepatic artery. In one
case with the segment IV artery arising very distal from the
left hepatic artery, only 3 mm of the common trunk of
segments II and III arteries could be obtained after
painstakingly dissecting the liver parenchyma of the left
lateral lobe. There was one case where the replaced left hepatic
artery originated from the left gastric artery (Figure 3).
Although partial blood supply of the segment II liver from
the segment IV artery could be identified, the diameter of
this branch was less than 2 mm with quite good backflow
under perfusion, consequently no reconstruction was
required. Finally there was the anatomical bile duct variation.
In this case the union of segments II and III bile ducts was
right to the umbilical fissure resulting in two separate

DISCUSSION
Pichlmayr et al.[6], reported the first clinical attempt of split
liver transplantation in 1988, and 1 year later Bismuth et
al.[7], described two patients with fulminant hepatic failure,
each receiving a split graft. In 1990, Broelsch et al. [8] ,
presented the first series of 30 split liver transplantations in
21 children and 5 adults. In this early experience, patient
survival was inferior to that reported in series of cadaveric
whole-size orthotopic liver transplants. Despite skepticism
as to the lasting role of split liver transplantation, several
European centers, faced with an increasing waiting list of
death rate due to the scarcity of donor organs, pursued the
split liver options. In 1995, the results of a collective
experience of 50 donor livers, providing 100 grafts during
a 5-year period form the European Split Liver Registry[9]
demonstrated no significant difference when compared to
conventional whole-sized OLT during the same period.
With the present improved surgical techniques, it is
commonly acceptable to split the donor liver into two
transplantable grafts, one for a pediatric and the other for
an adult recipient. A series comprising 110 consecutive split
liver transplantations in 55 adults and 55 pediatric recipients
showed that patient survival of split liver transplantation

Figure 1 Partial defect of MHV and IVC after splitting.

Figure 2 Repair of defect of MHV and IVC by part of common iliac vein.

Figure 3 Left replaced hepatic artery originating from the left gastric artery, with
segment II blood supply partially from a small branch of segment IV artery.

Figure 4 Appearance after plastic reconstruction of separate openings of
segments II and III bile ducts nearby.

openings of bile duct on the cutting surface of left lateral
lobe. Fortunately in this case the distance between the two
bile duct openings was quite close and in the shape of a
figure ‘8’; therefore, one opening could be achieved by plastic
reconstruction (Figure 4).
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was not significantly different from whole-organ OLT[10].
Similar results are also reported by Broering et al.[11]. Such
view is strongly evidenced by more and more current clinical
data[12-15]. Our experience with more than 150 cases of split
liver transplantation since 1988 has confirmed these results.
Between 1993 and 1999, split liver transplantation activities
increased in central Europe from 1.2% to 10.4%[16]. Currently
split liver transplantations make up more than 20% of all
liver transplantations performed at the Medical School of
Hannover. With the refinement of surgical skill, split liver
transplantation could even be applied in the cases of retransplantation and emergency.
What kind of donor liver is suitable for splitting calls
for thorough consideration and evaluation whenever an
organ donor is available. Besides meeting the basic prerequisites
regarding the donor livers, the following factors are worth
to be considered based on our experience and opinions from
other authors[10,11,17]: (1) a donor age below 50 years and
above 10 years; (2) hemodynamic stability, if in use of
vasopressor, maintaining good blood pressure at least; (3)
the preferable donor ICU stay less than 5 d; and (4) no
status of hypernatremia, a serum sodium concentration of
<170 mmol/L or even better <150 mmol/L. Although
donor parameters are critical when selecting livers for a
splitting procedure, the experience accumulated over the
years clearly indicates that the most reliable basis for the
decision on splitting is the judgment of an experienced
transplant surgeon. Microscopic examination should become
a kind of supplement to macroscopic observation. It is
pivotal to scrutinize whether the donor liver has a soft
consistency, a sharp edge and is well perfused. One has to
appreciate the frank remark of Busuttil on criteria for
splitable donor livers[10]: “I think that the ultimate exclusion
criterion is when you go and look at the liver, if the liver
does not look good, you do not split it.”
With the current technique, it is quite reliable to split a
donor liver into a left lateral lobe (segments II and III) and
a right extended lobe (segments I, IV-VIII) for one child
recipient and one adult recipient. Our results confirmed
that the right extended liver lobe would account for about
80% of the standard volume in humans, and can be allocated
like a full-size liver if careful consideration is given to
recipient selection[18]. Actually in our group the maximum
weight of recipients was up to 88.5 kg with satisfactory
outcome of transplantation. In this study, the average
GRWR of the right extended lobe was 1.73%. For the right
extended lobe graft 1% GRWR is sufficient for the low
risk recipient in stable condition and good nutritional status.
However, GRWR should be not less than 1.5% for the
high risk recipient with decompensatory liver function and
severe portal hypertension[19,20]. For the left lateral lobe graft
the ideal weight ratio of donor to child should be 3-10
times.
Compared to splitting liver into a full left lobe and a full
right lobe[21,22], fewer anatomical variations might occur when
splitting liver into a left lateral lobe and a right extended lobe.
Nevertheless, it is crucial for the success of the subsequent
liver transplantation how the various potential variations
are handled in the process of splitting. Considering that the
left liver lobe is more constant regarding anatomical variations,
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it can be said that the more one stays on the left, the fewer
anatomical variants one is confronted with.
In most of cases, the left hepatic vein joins the middle
hepatic vein, thus forming the common trunk entering the
antero-left surface of the inferior vena cava[23]. Instead of
joining the segment II hepatic vein to form the left hepatic
vein, the segment III hepatic vein seldom joins the middle
hepatic vein individually with the probability for about 510%. The diameter of the extrahepatic portion of the left
hepatic vein is around 10 mm, and the smaller diameter
less than 7 mm is sufficient to suspect such circumstance.
In the present study, left hepatic vein variation occurred in
two cases, the segments II and III draining of hepatic veins
appeared with the middle hepatic vein as a trifurcation.
Under certain circumstances, the dividing line needs to be
moved slightly to the right slightly in order to guarantee one
venous drainage from the graft of left lateral lobe. The
defect of middle hepatic vein and inferior vena cava could
be repaired by the common iliac vein from the donor.
Intrahepatic portal venous variations can be seen in
approximately 20% of the population[24]. However, unless
the rare absence of a portal vein bifurcation with only 0.9%
possibility, will it become the contradiction of graft splitting.
In the majority of cases the portal vein inflow to segment
IV is accomplished by the left umbilical section of the left
portal vein. However, those branches originating from
umbilical section will inevitably be transected. Fortunately,
in most cases the additional portal vein branches to segment
IV arising from the portal vein bifurcation and the right
portal vein could be expected. By preserving these veins
and moving the transection line to the left, partial portal
vein supply to segment IV can be achieved.
Variations of the hepatic artery are comparatively
frequent[25]. Only 50-70% of livers present with “normal”
anatomy[26,27]. If the left main hepatic artery originates from
the left gastric artery (10-15%) both the length and the diameter
of this artery would be adequate for the anastomosis in the
recipient. Such a situation occurred in one case. Although
one branch from the segment IV artery supplying segment
II could be identified, no reconstruction was required with
small diameter and good backflow under perfusion. Since
in most cases the portal vein supply to segment IV has to
be sacrificed in the process of splitting, arterial supply will
largely determine survival of this segment, and therefore,
every effort should be made to preserve the segment IV
artery. In most cases the segment IV artery originates from
the left hepatic artery, and its origin should have some
distance to the union of segments II and III arteries. The
segment IV artery rarely arises far distal from the left hepatic
artery, and the three arteries of segments II, III, and IV
might form a trifurcation at their origins. A similar situation
occurred in one of our cases when with painstaking efforts
only a length of 3 mm of the common trunk of segments
II and III arteries could be obtained at last. In case the
segment IV artery has to be cut down, it is suggested to
anastomose it with the stump of the left hepatic artery on
the backtable.
Close attention should also be paid to variations of bile
ducts. During the initial period of left lateral split liver
transplantation, many groups isolated the main left hepatic
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duct next to the main bile duct bifurcation when harvesting
the left lateral lobe, in order to create a nice bile duct stump
for anastomosis. However, this technique seems to be
associated with a high rate of biliary complications on both
grafts for the following reasons. First, leaving the long stump
of bile duct with the left lateral graft might result in ischemic
necrosis due to damaging the parabiliary vascular plexus in
the isolation of the left hepatic duct[8]. Second, a high incidence
of damage to the segments I and IV bile duct of the right
extended graft might occur with such a method[28]. Therefore,
we kept the connective tissue surrounding bile ducts
untouched, and only used a metal probe or Arrow catheter
to identify the trend of bile duct, and transected bile duct
as the last step of the whole splitting procedure. Although
in 15% of donor livers the union of segments II and III
bile ducts is located right to the umbilical fissure, which
means two separate openings of bile duct appear on the
cutting surface of the left lateral graft, we would still rather
keep the transecting line curving a little to the left in order
to retain an undamaged segment IV bile duct. If the distance
between two separate bile duct openings is quite close, they
might be merged into one through plastic reconstruction.
Undoubtedly, split liver transplantation has become a wellestablished approach to extend the donor pool for both pediatric
and adult patients. Careful donor and recipient selection, good
knowledge of the liver anatomy, excellent surgical skills and
meticulous postoperative management all contribute to the
success of each case of split liver transplantation.
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Abstract
AIM: Proteolytic degradation of the extracellular matrix
facilitates cancer invasion and promotes metastasis. The
study aims at evaluation of preoperative and postoperative
serum cathepsins B and D levels in correlation with selected
anatomoclinical features of colorectal cancer.
METHODS: Blood samples were collected from 63
colorectal cancer patients before curative operation of
the tumor 10 d later. Blood that was obtained from 20
healthy volunteers, served as a control. The activity of
cathepsin B was measured with Bz-DL-arginine-pNA as a
substrate at pH 6.0, while cathepsin D activity was
determined with urea-denatured hemoglobin (pH 4.0).
RESULTS: The preoperative and postoperative activities
of cathepsin B were significantly (P<0.00001) lower in
serum of colorectal cancer patients than in control group.
However, postoperative values of this protease were
significantly increased in comparison with preoperative
ones (P = 0.031). Activity of cathepsin D appeared to be
significantly higher in colorectal cancer sera (P<0.00001)
compared with controls. No statistically significant differences
between preoperative and postoperative activity of cathepsin
D were noted (P = 0.09). We revealed a strong linkage of
cathepsins’ levels with lymph node status and pT stage
of colorectal cancer.
CONCLUSION: Blood serum activities of cathepsin B and
D depend on the time of sampling, tumor size and lymph
node involvement. Significantly, increased activity of
cathepsin D could indicate a malignant condition of the
large intestine. In our work, the serum postoperative
decrease of cathepsin B activity appears as an obvious
concomitant of local lymph node metastasis-the wellknown clinicopathological feature of poor prognosis.
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INTRODUCTION
Normal cells undergo several changes to converse into
invasive malignant clones with metastatic capability. Progress
of these alternations is manifested in distinguishable
histological and temporal stages-for instance: normal tissue,
hyperplasia with a high incidence of proliferating cells,
dysplasia with the induction of angiogenesis that precedes
following metamorphosis of observed cell clusters into
tumors with metastasis. Analysis of the subsequent stages
of tumor progression has provided a multistage theory of
carcinogenesis on the basis of genetic changes that include
activation of oncogenes, inactivation of tumor suppressor
genes, and altered expression of tumor-associated molecules.
Cellular transformation provokes tissue remodeling
inside neoplastic lesions and in the periphery of the tumor.
Disorders in stroma or extracellular matrix (ECM) play an
essential role in cancer progression. It is suggested that
perturbation of the tissue microenvironment may be
sufficient to induce tumor formation. Moreover, local
carcinomatous invasion and metastasis also require the
destruction of the EMC during local dissemination of
malignant cells, angiogenesis, intravasation and extravasation.
These processes are enabled by multiple degradation of
stromal structure which is achieved due to cooperation of
various specific intra- and extracellular proteases. Lysosomal
aspartyl and cysteine enzymes-cathepsin D and B are the
most important of intracellular proteases that participate in
stromal destruction, which facilitates tumor invasion of
deeper tissue layers[1]. These enzymes can act directly by
proteolysis of EMC components or indirectly by costimulation
of a cascade of other proteases such as metalloproteases
or elastase, which then decompose protein elements of the
EMC and basal membranes. This stromal disarrangement
allows migration of malignant cells to different regions and
compartments of the human body, what accelerates tumor
growth and favors metastasis. Not only does overexpression
of cathepsin B and D in cancer cells reflect intensity of
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neoplasm development, but also increased serum activity
of mentioned proteases does the same as well. Apart from
mentioned functions, independently of its catalytic activity
human cathepsin D stimulates tumor growth as a direct or
indirect mitogenic factor for cancer cells[1]. Cathepsin D affects
tumor angiogenesis in a mysterious way. It was suggested
that cathepsin D might favor angiogenesis by releasing ECMbound bFGF[2]. Suggestions of its proangiogenic function
contrast with the fact that pro-cathepsin D is responsible
for the generation of specific inhibitor of angiogenesisangiostatin[3]. Now it is presumed that cathepsin D may
stimulate endothelial cell growth via a paracrine loop, acting
as a protein ligand, by directly or indirectly triggering a yet
unidentified cell surface receptor[4].
Increased expression, enhanced secretion and cell surface
association of cathepsin B were found in different types of
tumor cells especially in their more malignant variants[5] Last
studies have revealed that augmented production and release
of cathepsin B in tumor cells lead to tumor cell growth,
invasion and metastasis[6]. This cathepsin may act at the
contact regions of tumor cells and basement membrane or
interstitial stroma. Low pH is necessary for activation of
secreted precursors to active forms, which degrade the
protein components of basement membranes and interstitial
connective matrix including laminin, fibronectin, elastin, and
various types of collagen[7]. Cathepsin B split fibronectin
into smaller parts and change conformation of this protein
components. In such a way the CS-1 sequence and alternatively
spliced type III connecting segment (IIICS) are uncovered,
exposed and recognized by the integrin α4β1-receptor[8].
Thereby, cathepsin B may be involved in cellular signal
transduction beside extracellular protein degradation.
Therefore, the aim of this work was to investigate the
activity of lysosomal proteases-cathepsin B and D in blood
serum and their potential impact on cancer progression and
metastasis in cases of colorectal cancer.

MA
TERIALS AND METHODS
MATERIALS
The study included 63 patients (42 men and 21 women)
with a mean age of 64 years that were required to undergo
a colorectal cancer operation. Thirty tumors were located in
the rectum and 33 were found in the colon. The patients had
no preoperative chemo- or radiotherapy. All the patients were
monitored after the operation. Two independent pathologists
assessed conventional histopathological parameters (including
AJCC/UICC TNM stage, tumor type and grade of differentiation). Differentiation and histological type of the tumors
was determined following the World Health Organization
guidelines. Fifty-eight colorectal cancers were classified
histopathologically as adenocarcinoma and 5 as mucinous
adenocarcinoma: 43 cases with G2 grade and 15 cases with
G3 grade. Because of too small a number of tumors that
were classified as pT1, pT2 and pT4 patients were divided
into two groups: five tumors comprised pT1+pT2 group
and 53 cancer cases belonged to pT3+pT4 group. Forty-six
percent patients had involved lymph nodes at the time of
diagnosis.
Biochemical analysis
The blood samples were collected from colorectal cancer
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patients twice: before and 10 d after the curative operation.
The blood was centrifuged at 4
and the serum samples
were stored at -80 until examination. The control group
included of 20 healthy volunteers (12 men and 8 women)
with a mean age of 59 years. The control blood samples
were collected only once. Serum was gained from collected
blood and the activity of cathepsin B was determined with
Bz-DL-arginine-pNA as a substrate at pH 6.0[9], while the
cathepsin D activity was measured with urea-denatured
hemoglobin (pH 4.0)[10].

RESUL
TS
RESULTS
The preoperative and postoperative activities of cathepsin
B were significantly (P<0.00001) smaller than in control
group. However, postoperative values of this protease were
significantly increased in comparison with preoperative ones
(P = 0.031). On the other hand the activity of aspartyl proteasecathepsin D appeared to be significantly higher (P<0.00001)
in comparison with the control group data. In addition, no
statistically significant differences between preoperative and
postoperative activity were noted (P = 0.09, Table 1).

Table 1 Activity of cathepsin B and D in serum of patients with
colorectal carcinoma

Cathepsin B
nmoL pNA/mL

Cathepsin D
nmoL Tyr/mL

Healthy people
(n = 20)

Control serum

Colorectal patients
(n = 63)

Before operation1
(serum sample a)
After operation
(serum sample b)

Healthy people
(n = 20)

Control serum

Colorectal patients
(n = 63)

Before operation
(serum sample a)
After operation
(serum sample b)

66.9±2.8
7.9±8.51,b
21.0±8.7f

30.2±2.2

58.7±24.22,d
49.9±16.9h

Statistical differences: 1P = 0.031 -comparison between cathepsin B serum
samples a and b. 2P = 0.09 -comparison between cathepsin D serum samples a and b.
b
P<0.00001, dP<0.00001, hP<0.00001, fP<0.00001 vs control serum.

We revealed a strong linkage of cathepsins’ levels with
lymph node status and pT stage of colorectal cancer. As
referred to TNM classification, patient group of pT1 and
pT2 tumors showed significantly higher preoperative serum
activity of cathepsin B than it was detected in preoperative
serum of patients with tumors classified to pT3 and pT4
group (P = 0.0057). This trend of differences was not
apparent enough to reach a level of statistical significance
in case of postoperative serum values of cathepsin B. We
assume that statistical significance could not be achieved in
analysis of homologous postoperative data because of wide
variation of postoperative cathepsin B values in set of
patients with pT1 and pT2. Similarly values of cathepsin D
before operations (serum sample A) were more increased
with nearly statistical significance in pT1 and pT2 vs pT3
and pT4 groups respectively (P = 0.053).
As shown in Table 2, node-negative (N-) colorectal
cancer patients displayed significantly higher postoperative
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serum levels of cathepsin B in opposition to patients with
lymph node involvement (N+) (P = 0.0054). These groups
of patients did not significantly differ in cathepsin B levels
before operation. We drew out a similar comparison between
activities of cathepsin D in node negative and node positive
sets of colorectal cancer-but inversely to cathepsin Bremarkable distinction of cathepsin D serum levels appeared
before surgery. Namely, the preoperative serum activity of
cathepsin D was increased in node negative (N-) vs node
positive (N+) colorectal cancer patients with statistical
significance (P = 0.019).

DISCUSSION
Cancer development is characterized by severe disarrangement
of the intra- and extracellular metabolism and structural
alterations. Cancer cells overexpress and secrete a large
proportion of lysosomal proteases-cathepsins. The activity
increase of cathepsin B and D was discovered to be statistically
significant in both the neoplastic tissue cytosol and homogenate,
compared to the cytosol and homogenate of adjacent healthy
tissue[11]. Marked tissue immunoreactivity of cathepsin B
and D takes place in carcinoma of uterus, ovary, lung, intestines
and many other organs[12-15]. Moreover, it was reported that
tumor cell lines secrete cathepsin B and D[16]. On the other
hand it was reported that serum cathepsin B level did not
differ significantly both in benign and malignant neoplasms
of ovaries[17]. In cancers there was elevated serum value of
cystatin C in comparison with benign ovarian tumors and
controls, which negatively affected the amount of cathepsin
B. However, ovarian cancer cells are strongly positive for
cathepsin B in immunohistochemical analysis, while benign
ovarian tumors lacked any positive reaction of this kind[17].
It is suggested that colorectal cancer development is
enhanced by oxidative stress. Oxidative stress is maintained
as the effect of excessive concentration of lipid hydroperoxides
in the vascular net and their participation in the oxidant
generation. The other possible explanation might be overproduction of oxidants by inflammatory and/or cancer cells
and suppression of antioxidant system in cancer cells. In
these conditions free radicals may enhance lipid peroxidation.

Products of this process are responsible for membrane
alteration. Reactive oxygen species cause protein damage
and as a result changes in biological function of active proteins
and membrane permeability for intracellular compounds
may appear due to increased susceptibility for drugs that
induce apoptosis of neoplastic cells[1,18] . It may explain
translocation of cathepsins from lysosomes via cytosol and
cellular membrane into body fluids.
As we have demonstrated in our previous works,
generation of free radicals accompanies the development
of cancer[18]. Reactive oxygen species cause an oxidative
damage of cell membranes which results in an increase of
membrane permeability. That implies influx of cathepsin
D to extracellular fluid. Therefore, elevated activity of cathepsin
D is observed in the serum as an evidence for impairment of
general cellular functions like maintenance of the barrier
between intracellular and extracellular environment.
Advancement of tumor growth and neoplastic spreading
across the whole organism seem to reflect the severity of
cellular damage. Cathepsin B -cysteine protease is so sensitive
to free radicals, that the latter probably inactivate cathepsin
B. Thereby it would explain why serum activity of cathepsin
B is lower in serum of patients with colorectal cancer in
comparison to serum values of this protease in healthy
volunteers. Production of free radicals is upregulated and
activity of cathepsin B falls down along with the enlargement
of tumors and neoplastic extent into lymph nodes. This
statement is supported by our present study in which we
detected lower levels of cathepsin B in group pT3 and pT4
vs pT1 and pT2 as well as in node positive (N+) vs node
negative (N-) patients after surgery. Total resection of cancer
could contribute to limit ROS generation and by means of
the inactivation of cathepsin B, ROS generation was reduced
enough which is shown in the results obtained.
The concentrations of cathepsin B and D were increased also
in the blood serum of patients with other carcinomas[19-21].
Additionally, the increase of cathepsin B correlated with
the advancement of cancer assessed with Duke’s scale.
Moreover patients with both elevated levels of cathepsin B
and CEA were classified as the group of poor prognosis[20].
Nevertheless, in our present investigations, we discovered

Table 2 Correlation of serum cathepsin B and D activity and clinicopathological findings
Variable

n = 63

Cathepsin B (nmol/L pNA/mL)
Before operation

P

Sex

M

42

19.1±8.9

Age (yr)

F
60

21
16

15.3±6.6
20.4±12.3

>60
Rectum

47
30

17.02±6.6
16.5±7.4

HP type

Colon
Adc.

33
58

19.1±9.2
18.1±8.4

pT

Adc. m.
pT 1+2

5
5

10.1±9.3
25.3±0.7

G

pT 3+4
2

53
43

17.1±8.5
18.8±8.8

N

3
(-)

15
34

15.8±7.3
18.5±8.5

(+)

29

17.03±8.4

Tumor site

Statistical differences: see Table 1.

Cathepsin D (nmol Tyr/mL)

After operation

P

Before operation

P

After operation

P

NS

21.7±9.1

NS

59.4±26.3

NS

49.5±16.3

NS

NS

19.6±7.9
17.4±8.0

P = 0.064

57.0±19.2
54.2±17.0

NS

50.9±18.4
51.7±22.0

NS

NS

22.4±8.7
18.4±7.6

NS

60.2±26.1
59.8±21.6

NS

49.3±14.7
51.2±19.9

NS

NS

23.5±9.1
21.02±8.9

NS

57.7±26.3
58.7±24.4

NS

48.8±13.6
50.7±17.0

NS

NS

56.0±21.2
76.8±23.0

P = 0.053

43.2±14.2
48.8± 16.5

NS

NS

56.7±23.6
62.5±25.5

NS

50.1± 17.0
50.4±17.3

NS

P = 0.019

49.2±16.2
49.7±17.2

NS

P = 0.0057

20.9±7.0
30.3±18.7

NS

20.3±7.3
21.5±9.2

NS

19.9±7.7
23.9±8.9
17.3±7.1

P = 0.0054

50.3±18.8
65.9±26.5
49.1±16.7

50.3±16.6
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only the increase of cathepsin D while levels of cathepsin
B were decreased in sera of colorectal cancer patients.
Overexpression of cathepsins may prelude the loss of
integrity of ECM protein components. It is known that
cathepsin D as endopeptidase degrades ECM proteins and
proteins of the basal epithelium as well as many intracellular
and endocytosed proteins. It occurs mainly in phagosomelike acid vesicles with acidic pH where EMC components
are trapped[22]. Cathepsin D may cooperate with cathepsin
B in the process of proteolysis and cancer progression.
Cathepsin D probably activates cysteine procathepsins B
and L [23]. Cathepsin B activates the urokinase-type proplasminogen which can subsequently activate the plasminmetalloproteinases proteolytic pathway [24,25]. Moreover,
cathepsin B may change the balance of metalloproteinases
and their inhibitors and directly cleave and inactivate some
of MMPs inhibitors -TIMP-1 and TIMP-2[26]. In such a
way cathepsin B assists tumor cells in their detachment from
ECMs and metastasis. Furthermore during proteolysis of
interstitial extracellular structure some ECMs-bound growth
factors, e.g. bFGF, EGF, TGF-β, IGF-I and VEGF, may
get free from their chains of connections to the matrix and
thanks to the fact that they can escape to join suitable
receptors of stromal and tumor cells which indicates their
bioavailability for growth modulation[27].
Cathepsin B can multiply the effect of protein digestion
and disarrangement by triggering trypsinogen activation[28].
Lysosomal cathepsin B activates trypsinogen in vitro and the
intensity of trypsinogen activation improves with acidic
pH[15,29]. Human trypsinogen is produced on a wide scale by
human colorectal cells[30]. Anyway further findings in colon
cancer cell lines suggest that this production is limited only
to such trypsin levels that are enough to activate PAR-2
receptor on the same cancer cells in possible autocrine/
paracrine manner[31]. It is worth mentioning that trypsin
triggers matrilysin (matrix metalloproteinase-7) activity. So
it is an important factor of colorectal cancer progression as
immunohistochemical labeling of trypsin correlated with
the depth of carcinomatous infiltration, lymphatic and venous
involvement, metastasis, recurrence and shorter overall survival
of patients[32]. In our study the activity of cathepsin B could
be insufficient to recruit trypsinogen activation in volume
that would significantly affect tumor invasion as we detected
lower cathepsin B activities in colorectal cancer compared
with healthy volunteers.
The role of cathepsin B is supposed to be diverse.
Namely, it can promote neoplastic invasion by lysis of EMC
protein nets. Furthermore, by paracrine loop, it could cause
death of neighboring cancer cells directly by proteolytic
damage of cell membranes and changes in structure
superficial cell receptors. Indirectly cathepsin B might act
as TNF-α -induced apoptotic second messenger that mediates
damage of mitochondria and release cytochrome c from
these organelles[33]. Thus, the components of cellular producer
cathepsin B can be responsible for harmful suicidal injury.
It can explain why higher serum levels of cathepsin B were
associated with smaller size of tumor.
Cathepsin comes from two kinds of cells: carcinomatous
ones and inflammatory cells that constitute immunologic
response to neoplasm. According to our present results, we
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suspect that along with progression of colorectal cancer,
inflammatory cells might become significant producers of
cathepsins. We observed lower activity of cathepsins in cases
of larger tumors (pT3 and pT4 group) in comparison with
smaller ones (pT1 and pT2 group) in measurements before
surgery. The cause of it, can be a more escalated immunologic
reaction in the onset and early stages of cancer than in advanced
and late phases of neoplastic disease. Simultaneously, the
outflow of cathepsins into extracellular environment destroys
stromal protein structure, which is suspected to facilitate
neoplastic spreading, but on the other hand, it can influence
the vitality of cancer cells. So cathepsins particularly cathepsin
B (probably in lower concentrations that do not induce
trypsinogen activity) may disable neoplastic cells in such a
way that they cannot forcibly invade surroundings despite
promoting invasion by proteolysis of the interstitium. This
action of cathepsin B is presumably responsible for relatively
higher postoperative levels of serum cathepsin B in case
of node negative patients vs node positive ones.
Blood serum activity of cathepsin B and D depends on
the time of sampling, tumor size and lymph node involvement.
Significantly increased activity of cathepsin D could indicate
malignant colorectal condition. However, decreased activity
of cathepsin B indicates that also different mechanisms besides
proteolytic ones, participate in cancer invasion and metastasis.
In comparison with analogous higher activity in node negative
colorectal cancers, the significant downfall of postoperative
cathepsin B activity coexisted with cancerous node involvement. Therefore, in our work, the decrease of this serum
protease levels appears as an obvious concomitant of local
lymph node metastasis the well-known clinicopathological
feature of poor prognosis.
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Abstract
AIM: Although the radiological features of acute appendicitis
have been well documented, the value of plain radiography
has not been fully appreciated. The aim of this study was
to determine the frequency of the association of acute
appendicitis with images of fecal loading in the cecum.
METHODS: Plain abdominal radiographs of 400 patients
operated upon for acute appendicitis (n = 100), acute
cholecystitis (n = 100), right acute pelvic inflammatory
disease (n = 100) and right nephrolithiasis (n = 100)
were assessed. The presence of fecal loading was recorded
and the sensitivity and specificity of this sign for acute
appendicitis were calculated.
RESULTS: The presence of fecal loading in the cecum
occurred in 97 patients with acute appendicitis, 13 patients
with acute cholecystitis, 12 patients with acute inflammatory
pelvic disease and 19 patients with nephrolithiasis. The
sensitivity of this sign for appendicitis was 97% and its
specificity to this disease was 85.3%. Its positive predictive
value for appendicitis was 68.7%; however, its negative
predictive value for appendicitis was 98.8%.
CONCLUSION: The present study suggests that the
presence of radiological images of fecal loading in the
cecum may be a useful sign of acute appendicitis, and
the absence of this sign probably excludes this disease.
This is the first description of fecal loading as a radiological
sign for acute appendicitis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Abdominal pain in the right lower quadrant is probably
one of the most challenging problems in Medicine[1-4]. In
most patients, acute appendicitis is diagnosed on the basis
of clinical examination, white blood cell count, abdominal
radiographic studies, and abdominal ultrasound [1-5] .
However, the less than perfect accuracy of these exams
leads to a high rate of misdiagnosis leading to a rate of
negative appendicectomies of about 15%[1,2,6,7]. In order to
avoid the unnecessary removal of the appendix, other
investigation methods, such as computed tomography and
abdominal scintigraphy have been proposed, without real
advantages[2-5].
In the presence of acute abdominal pain, abdominal
radiographs are relevant and helpful, but little significance
is attached to this exam in appendicitis although associated
radiological features have been documented, such as localized
adynamic ileum (51-81% of cases), increase in soft-tissue
density in the right lower quadrant (12-33%), appendicoliths
(7-14%) and deformity of cecum (4-5%)[1,5,8-10]. The aim
of this prospective study was to evaluate an apparently new
sign present in the plain abdominal radiography of patients
with acute appendicitis, i.e., images of fecal loading in the
cecum. This sign was studied comparatively with other
patients presenting acute right abdominal pain due to other
diseases. This is the first description of fecal loading as a
radiological sign for acute appendicitis.
MA
TERIALS AND METHODS
MATERIALS
Four hundred consecutive patients with acute right
abdominal pain were prospectively studied at the Alfa
Institute of Gastroenterology of the Hospital of Clinics
and Hospital Julia Kubitshek between 2002 and 2004. No
patient was discarded from this investigation.
Plain abdominal radiographies were obtained for all
patients before treatment in order to verify the presence
of fecal images in the cecum. These patients were divided
into the following four groups, with 100 patients each,
according to their disease.
Acute appendicitis
Patients of both sexes (62 men and 38 women) ranging in
age from 10 to 73 (28.3±12.2) years. All patients were
operated for acute appendicitis and the diagnosis was
confirmed in all cases by histologic examination of the
removed appendix. Fifty of the patients with positive fecal
loading in the cecum during the appendicitis period were
submitted to a new plain abdominal radiography on the
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second postoperative day, to verify the presence of this
sign after the appendicectomy.
Acute cholecystitis
Patients of both sexes (30 men and 70 women) ranging in
age from 17 to 75 (mean 49.4±16.3 years). All patients
were operated for acute cholecystitis and the diagnosis was
confirmed in all cases by histologic examination of the
removed gallbladder. Eight of these cases presented acute
cholangitis as well.
Right pelvic inflammatory disease
Women of the age from 20 to 45 (mean 32.3±8.1 years).
The complaint of these cases was due to right hydrosalpingitis
(69 cases), right Fallopian pregnancy (14 cases), rupture of
a right ovarian cyst (12 cases) and torsion of the right ovary
(5 cases). The diagnoses were confirmed in all cases by
clinical follow-up, pelvic ultrasound, laparoscopy, and
surgical procedures.
Right nephrolithiasis
Patients of both sexes (42 men and 58 women) ranging in
age from 10 to 73 (43.5±14.3) years. The diagnosis was
confirmed in all these cases by plain abdominal radiography,
urography, ultrasound and CT scan.
The radiological image studied was cecal intraluminal
mass consisting of a mixture of soft tissue and internal gas
bubble like feces, suggesting fecal impaction, or residual
feces. The amount of fecal material and consequent cecal
dilatation were considered.
The sensitivity and specificity of this radiological sign,
as well as its positive and negative predictive values for
acute appendicitis were calculated.
The present study followed the Ethics Principles of
Research in Humans, according to World Medical Association
Helsinki Declaration, adopted in 1964 and amended in 1996,
and was approved by the Ethical Committee of the
Department of Surgery of the Medical School of the Federal
University of Minas Gerais, Belo Horizonte, Brazil. All
exams performed on these patients are routinely employed
in the presence of acute abdominal pain in the hospitals
where this investigation was carried out.

A

Figure 1 Plain radiographs of the abdomen in the presence of acute appendicitis,
showing the fecal loading (cecal intraluminal mass consisting of a mixture of soft
tissue and internal gas bubble like feces). A: The image of fecal loading in the
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RESUL
TS
RESULTS
Table 1 describes the presence of fecal loading in the cecum
of the patients of the four groups (Figure 1A). Some of
these radiographs showed cecal dilatation by the large
amount of fecal mass (Figure 1B).
The sensitivity of this sign was 97% for acute appendicitis,
13% for acute cholecystitis, 12% for right acute pelvic
inflammatory disease and 19% for right nephrolithiasis. The
specificity of fecal loading in the cecum for acute appendicitis
was 85.3%. The positive predictive value of this sign for
acute appendicitis was 68.7%; however, its negative
predictive value for appendicitis was 98.8%.
On the second postoperative day, only two of the 50
patients with previous positive radiological sign preserved
the fecal loading in the cecum. In the other 48 patients, this
sign disappeared from the cecum.

Table 1 Presence of fecal loading in plain abdominal radiographs of
400 patients with right acute abdominal pain divided into four groups
(n = 100 each)
Fecal loading

Disease

Acute appendicitis
Acute cholecystitis
Right pelvic inflammatory disease
Right nephrolithiasis

Present

Absent

n

(%)

n

(%)

97
13
12
19

97
13
12
19

3
87
88
81

3
87
88
81

DISCUSSION
Although a few studies have suggested that plain abdominal
radiography is not helpful anymore in patients with acute
abdominal pain, its indiscriminate use remains the rule in
most emergency units[6,8,9-11]. However, the radiological signs
described in the literature are not constant or characteristic
of appendicitis. Recent investigations have called into question
the value of routine use of plain abdominal radiography in
patients with suspected appendicitis[1,3,4,9]. Many physicians
consider ultrasound studies as standard in acute abdominal
pain, believing the impact of radiograph is not of value.
In this prospective study, the association of acute

B

cecum (arrow) and right colon (arrow); B: The film of another patient with acute
appendicitis. Observe residual gross fecal loading with consequent dilatation of
the cecum (arrow).
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appendicitis with images of fecal loading in the cecum had
a sensitivity of 97% and a specificity of 85.3% when
compared with other common causes of acute right
abdominal pain. This rate is higher than the frequency
of other clinical, laboratory, or radiological signs associated
with acute appendicitis.
Another important result of the present study is based
on the predictive value. According to these data, the
possibility of appendicitis in the presence of fecal loading
in the cecum is 68.7%. However, the absence of this sign
practically excludes the diagnosis of appendicitis, which may
occur in only 1.2% of cases.
We could not understand the pathophysiology to answer
why appendicitis could lead to fecal loading in the cecum.
However, we believe it is worth supposing that this sign
may be related to a local ileum of the cecum with stool,
which occurred in the presence of an acute inflammatory
condition. This is the first description of fecal loading as a
radiological sign for acute appendicitis.
In conclusion, the results of the present work suggest
that the presence of images of fecal loading in the cecum
on plain abdominal radiographs may be a useful sign
associated with acute appendicitis. This association should
be emphasized, mainly considering that this sign is rare in
the presence of other acute inflammatory abdominal
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diseases and disappears when the inflamed appendix is
removed.
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Abstract
AIM: Autologous blood donation (ABD) is mainly used to
reduce the use of banked blood. In fact, ABD can be
regarded as acute blood loss. Would ABD 2-3 d before
operation affect the CVP level and subsequently result
in less blood loss during liver resection was to be
determined.
METHODS: Eighty-four patients undergoing living donor left
hepatectomy were retrospectively divided as group I (GI)
and group II (GII) according to have donated 250-300 mL
blood 2-3 d before living donor hepatectomy or not. The
changes of the intraoperative CVP, surgical blood loss,
blood products used and the changes of perioperative
hemoglobin (Hb) between groups were analyzed and
compared by using Mann-Whitney U test.
RESULTS: The results show that the intraoperative CVP
changes between GI (n = 35) and GII (n = 49) up to graft
procurement were the same, subsequently the blood loss,
but ABD resulted in significantly lower perioperative Hb
levels in GI.
CONCLUSION: Since none of the patients required any
blood products perioperatively, all the predonated bloods
were discarded after the patients were discharged from
the hospital. It indicates that ABD in current series had
no any beneficial effects, in term of cost, lowering the
CVP, blood loss and reduce the use of banked blood
products, but resulted in significant lower Hb in
perioperative period.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Donor hepatectomy with maximal safety while preserving
graft viability and adequacy, in terms of size and function
for both recipient and donor, is of principal concern in
living donor liver transplantation (LDLT). There are
compelling reasons for avoiding surgical blood loss with
subsequent blood transfusion[1]. Allogenic blood transfusion
cannot only transmit the infectious diseases, but also induce
variety of immunologic responses, such as alloimmunization,
transfusion-associated graft vs host diseases, and immunosuppression, which would result in malignant tumor recurrence
and increased postoperative infection rate[2]. Preoperative
autologous blood donation (ABD) has been successfully
applied in reducing the use of allogenic blood transfusion
in liver resection[3,4]. It is recommended that the last blood
donation should not be collected later than 72 h before
surgery, to allow for restoration of intravascular volume[5].
Indeed, ABD can be regarded as acute blood loss. On the
other side, low intraoperative central venous pressure (CVP)
is associated with less surgical blood loss in hepatectomy
surgery[4,6,7]. Would preoperative ABD 2-3 d before living
donor hepatectomy, without intravenous (IV) crystalloid
replacement of the loss, affect the intraoperative CVP levels,
subsequently reduce the blood loss and blood transfusion
during living donor hepatectomy is to be determined. Aims
of this retrospective study were to compare the intraoperative
CVP levels, blood loss, and the requirement of blood
transfusion in patients with and without preoperative ABD
during living donor hepatectomy.
MA
TERIALS AND METHODS
MATERIALS
Only consanguineous relatives up to the fifth degree and
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lawfully wedded spouses are considered legal live donors in
Taiwan. Donor volunteers underwent anthropometric
measurements, thorough laboratory analysis, psychosocial
evaluation, and detailed imaging studies including Doppler
ultrasonography to check the quality of liver parenchyma
and patency of blood vessels, and magnetic resonance,
venography, arteriography, and cholangiography to check
hepatic and portal venous anatomy and hepatic artery and
biliary tree branching patterns as previously reported [8].
Donors should be free of the active liver disease and the
donor-recipient pair must be blood group identical or
compatible.
After obtaining approval from the Ethics Committee
of the Department of Health, Taiwan and written informed
consent for surgery and anesthesia from the patients, the
patients came into operation room without premedication
and IV line. After establishment of the IV line, the anesthesia
was induced with thiopental and fentanyl. Succinylcholine
was used for facilitating the tracheal intubation. The
anesthesia was maintained with isoflurane in oxygen-air
mixture and atracurium was used as muscle relaxant. All
patients were monitored with electrocardiography, arterial
line for continuous blood pressure monitoring, CVP, pulse
oximetry, end tidal CO2, body temperature and urine output.
IV fluids restriction combined with the use of furosemide
were applied to lower the intraoperative CVP levels. The
deficit of the insensible fluids loss from no per os intake of
the patients was not replaced before graft procurement; the
intraoperative fluids were maintained to 2-4 mL/(kg h)
before the liver graft is dissected. If the CVP was higher
than 10 cm H2O, furosemide was given; second dose of
furosemide was also given if the urine output was lower
than 0.5 mL/(kg h). After the liver graft was procured, IV
fluid was increased to approximately 10 mL/(kg h) until
the end of the surgery to replace the cumulative deficits from
the procedure. Concerning the surgical procedure and liver
parenchymal transection with strict adherence to a meticulous
surgical technique without vascular inflow, occlusion to either
side of the liver has been previously published[1].
The anesthesia records were retrospectively reviewed.
Patients who had donated 250-300 mL blood 2-3 d
before operation was grouped in group I (GI), while no
blood donation in group II (GII). The grouping was not at
random or blinded; ABD was perfor med without
normovolemic replacement of the loss by IV infusion of
the crystalloid in the first 37 cases. Since none of those
patients required blood transfusion after successful LDLT,
the protocol of ABD was stopped. Data such as anesthesia
time, CVP levels (hourly), blood loss, blood transfusion,
crystalloids, doses of furosemide and urine output were
collected, compared and analyzed between groups by using
Mann-Whitney U test. All the data were given in mean±SD.
Statistical calculations were performed using the SPSS
advanced statistics module (SPSS Inc., Chicago, IL, USA).
P value <0.05 was regarded as significant.

RESUL
TS
RESULTS
From June 1994 to October 2002, 123 LDLT were
performed. Only patients with healthy liver (Table 1) and
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undergoing left hepatectomy were enrolled in this study.
Right hepatectomy (2/37 in GI and 37/86 in GII) was
excluded due to most of the patients of ABD received left
hepatectomy. Thirty-five patients were included in ABD
group (GI) and 49 in non-ABD group (GII). Table 1 shows
the characteristics of the patients of GI and GII. The age,
weight, liver functions, anesthesia time, blood loss, and mean
dose of furosemide used was not significantly different.
Likewise, the crystalloids infusion before and after graft
procurement was not significantly different either, but the
preoperative hemoglobin (Hb) as well as postoperative d 1-4
of GI was significantly lower in GI in comparison to GII.
Figure 1 shows the changes of the CVP levels of both
groups, the initial CVP of both groups were higher than
10 cm H2O, it decreased gradually, under the influence of
fluids restriction and diuresis effect of furosemide, and
reached a level of 7.9±2.5, 7.7±2.2 and 7.8±1.7, 8.3±1.8 cm
H 2O at 6 th-7 th h after anesthesia begin for GI and GII
respectively. It was at that time that the parenchymal
transection was performed. After procurement of the liver
graft, the IV infusion rate was increased from 3.0±2.3
and 3.4±0.9 to 9.4±6.3 and 10±3.7 mL/(kg h) for GI
and GII respectively. The recovery of the CVP of GI was
significantly slower after graft procurement in comparison
to GII.

Table 1 Characteristics of patients of GI and GII
GI (n = 35)

GII (n = 49)

Age (yr)

31.1±5.9

33.9±8.7

Weight (kg)

59.1±9.1

56±8.8

Gender (female/male)

24/11

31/18

SGOT (U/L)

17±6.5

46.3±4.7

SGPT (U/L)

15±11.2

20.9±4.4

ALP (U/L)

53.9±21

56.4±15.7

Total bilirubin (mg, %)

0.58±0.22

0.67±0.2

BUN (mg, %)

12.8±3.3

15.8±13.9

Creatinine (mg, %)

0.79±0.7

0.75±0.1

Anesthesia time (h)

10.4±1.5

10.±1.1

Blood loss (mL)

63.8±56

67±63

Fluid 1 [mL/(kg h)]

3.0±2.3

Fluid 2 [mL/(kg h)]

9.4±6.3

10±3.7

Urine 1 [mL/(kg h)]

1.6±0.7

1.6±0.7

Urine 2 [mL/(kg h)]

3.4±0.9

2.0±1.8

1.7±1.3

11.9±1.8a

12.3±1.5

Postoperative d 1 Hb (g/dL)

11.4±1.83a

12.4±1.6

Postoperative d 2 Hb (g/dL)

11.2±2.0a

12.3±1.5

Postoperative d 3 Hb (g/dL)

10.5±1.6a

11.7±1.4

Postoperative d 4 Hb (g/dL)

9.8±0.9a

Preoperative Hb (g/dL)

Furosemide (mg)

11.6±5.0

11.7±1.69
12.2±1.5

1: Before graft procurement, 2: after graft procurement. aP<0.05 vs others. SGOT:
serum glutamic oxaloacetic transaminase; SGPT: serum glutamic pyruvic
transaminase; ALP: alkaline phosphatase.

DISCUSSION
LDLT is a new form of therapy for pediatric and adult
patients with end-stage liver diseases to overcome the
problem of organ donor shortage. However, the major
medical and ethical concern of this technique is the risk to
the healthy donor. This concern is legitimate, since

Central venous pressure (cmH2O)
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Figure 1 The CVP changes were not significantly different between GI and GII
from the first measurement up to the graft procurement, but the recovery of the
CVP of GI was slower in comparison to GII after increasing the infusion rate from
T8 till the end of the operation aP<0.05 vs GI.

hepatectomy is a major upper abdominal surgery with
potential risk of massive blood loss and subsequent
requirement for blood transfusion, which is correlated
significantly with postoperative morbidity and mortality[9].
It is known that low CVP resulted in significant less blood
loss during liver resection. Therefore, maintaining a low
CVP has been regarded as a simple and effective way to
reduce blood loss during parenchymal transaction[3,4,6]. A
low CVP is accompanied by low pressure in the hepatic
veins and sinusoids, theoretically favoring less blood loss
during parenchymal transection and allows easier control
of inadvertent venous injury[1]. Low CVP indicates less
intravascular volume and ABD is in fact a kind of acute
blood loss. If the volume loss is not replaced, theoretically
would result in lowering of the intravascular volume,
subsequently the CVP and blood loss of liver resection.
Our results show that donation of 250-300 mL of blood
2-3 d before donor hepatectomy without IV fluids
replacement seemed not to affect the changes of the CVP
levels during the surgical procedure in comparison to the
group without ABD (Figure 1). The mechanism is probably
due to the fact that the volume loss of the donated blood
has been fully compensated by the oral intake of the healthy
donors within 2-3 d. Figure 1 shows that, under the same
anesthesia, same regime in lowering the CVP by fluids
restriction and forced diuresis with furosemide, the changes
of the CVP, from the first measurement to graft procurement,
were not significantly different between GI and GII. The
CVP of both groups decreased gradually from 10.5±3.6
and 10.8±2.8 to 7.9±2.5, 7.7±2.2 and 7.8±1.7, 8.3±1.8 cm
H2O at the time of parenchymal transection (around T6-7)
for GI and GII respectively. The recovery of the CVP
level after procurement of the liver graft to the end of the
operation was slower in GI after increasing the infusion
rate aimed to replace the cumulative fluid deficit to expand
intravascular volume and to preserve renal function. Table 1
shows that the blood loss was not significantly different
between groups. Both had only minimal blood loss with a
mean loss of 63.8±56 and 67±63 mL for GI and GII
respectively.
Current results indicated that ABD itself did not have
favorable effect in lowering the intraoperative CVP levels
and likewise the blood loss in comparison to non-ABD
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group. In contrary, it significantly lowered the preoperative
Hb level as well as its levels at postoperative d 1-4 (Table 1).
It indicated that GI patients would reach earlier low Hb
and transfusion threshold. Heiss et al., reported that the
blood transfusion rate was indeed higher in the autologous
blood group than in the homologous group in patients
undergoing colorectal cancer surgery, mainly because these
patients had lower preoperative Hb concentrations owing
to the blood donation[10].
Allogenic blood transfusion is often life saving and crucial
in the treatment of major blood loss[11]. Although the safety
of the banked blood supply has been improved recently
but it can still have adverse effects [2,12]. The risks of
autologous transfusion are less than those of allogenic RBC
transfusions[12,13], but it is still not risk free[13-16]. Complications
such as bacterial contamination, hemolysis due to
administrative error, volume overload were reported[14].
Furthermore, studies have unexpectedly shown similar
postoperative infectious complications and immunosuppression in patients receiving autologous blood donated
before surgery, as with those receiving homologous
blood[13,17]. Factors such as histamine, plasminogen activator,
superoxide and eosinophil cation protein, released into the
plasma during storage may be of major importance in
enhancing overall immunosuppression[18]. The best policy
in avoiding blood transfusion is to improve the surgical and
anesthetic technique to minimize blood loss. Anyway, ABD
is still an acceptable alternative measurement to reduce the
use of allogenic blood if the amount of expected surgical
blood loss is large enough requiring blood transfusion[3,4].
Since none of our patients required any blood products
perioperatively, the predonated autologous bloods of GI
were discarded after the patients being discharged from the
hospital. In contrary to previous reports[3,4], ABD in current
series had no any beneficial effect, in terms of cost, lowering
the CVP, blood loss and reducing the use of banked blood
products, but resulted in significant lower Hb in perioperative
period, subsequently increasing the chance of getting
autologous blood transfusion from their anemia.
In conclusion. Autologous donation of 250-300 mL
blood 2-3 d before liver hepatectomy in LDLT seemed not
to affect the intraoperative CVP level and subsequently no
favorable effect in reducing the blood loss during liver
resection. In contrary, it resulted in significant lower Hb in
perioperative period, subsequent increasing the chance of
getting autologous blood transfusion from their anemia.
ABD in living donor left hepatectomy is not recommended
if minimal surgical bleeding can be maintained.

REFERENCES
1

2
3

4

Chen CL, Chen YS, de Villa VH, Wang CC, Lin CL, Goto S,
Wang SH, Cheng YF, Huang TL, Jawan B, Cheung HK. Minimal blood loss living donor hepatectomy. Transplantation
2000; 69: 2580-2586
Klein HG. Immunomodulatory aspects of transfusion: a once
and future risk? Anesthesiology 1999; 91: 861-865
Chan AC, Blumgart LH, Wuest DL, Melendez JA, Fong Y.
Use of preoperative autologous blood donation in liver resections for colorectal metastases. Am J Surg 1998; 175: 461-465
Itamoto T, Katayama K, Nakahara H, Tashiro H, Asahara T.
Autologous blood storage before hepatectomy for hepato-

4236

5
6

7

8

9

10

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

cellular carcinoma with underlying liver disease. Br J Surg
2003; 90: 23-28
Vanderlinde ES, Heal JM, Blumberg N. Autologous transfusion.
Bmj 2002; 324: 772-775
Jones RM, Moulton CE, Hardy KJ. Central venous pressure
and its effect on blood loss during liver resection. Br J Surg
1998; 85: 1058-1060
Melendez JA, Arslan V, Fischer ME, Wuest D, Jarnagin WR,
Fong Y, Blumgart LH. Perioperative outcomes of major hepatic resections under low central venous pressure anesthesia:
blood loss, blood transfusion, and the risk of postoperative
renal dysfunction. J Am Coll Surg 1998; 187: 620-625
Chen YS, Cheng YF, De Villa VH, Wang CC, Lin CC, Huang
TL, Jawan B, Chen CL. Evaluation of living liver donors. Transplantation 2003; 75: S16-19
Gozzetti G, Mazziotti A, Grazi GL, Jovine E, Gallucci A,
Gruttadauria S, Frena A, Morganti M, Ercolani G, Masetti M.
Liver resection without blood transfusion. Br J Surg 1995; 82:
1105-1110
Heiss MM, Mempel W, Jauch KW, Delanoff C, Mayer G,
Mempel M, Eissner HJ, Schildberg FW. Beneficial effect of
autologous blood transfusion on infectious complications
after colorectal cancer surgery. Lancet 1993; 342: 1328-1333

11
12

13

14
15

16

17

18

July 21, 2005

Volume 11

Number 27

Greenburg AG. Benefits and risks of blood transfusion in
surgical patients. World J Surg 1996; 20: 1189-1193
Goodnough LT, Brecher ME, Kanter MH, AuBuchon JP.
Transfusion medicine. First of two parts-blood transfusion.
N Engl J Med 1999; 340: 438-447
Goodnough LT, Brecher ME, Kanter MH, AuBuchon JP.
Transfusion medicine. Second of two parts-blood conservation.
N Engl J Med 1999; 340: 525-533
Linden JV, Kruskall MS. Autologous blood: always safer?
Transfusion 1997; 37: 455-456
Domen RE. Adverse reactions associated with autologous
blood transfusion: evaluation and incidence at a large academic hospital. Transfusion 1998; 38: 296-300
Goldman M, Remy-Prince S, Trepanier A, Decary F. Autologous donation error rates in Canada. Transfusion 1997; 37:
523-527
Nielsen HJ. Influence on the immune system of homologous
blood transfusion and autologous blood donation: impact on
the routine clinical practice/differences in oncological and
non-tumour surgery? Anasthesiol Intensivmed Notfallmed
Schmerzther 2000; 35: 642-645
Nielsen HJ. Detrimental effects of perioperative blood
transfusion. Br J Surg 1995; 82: 582-587
Science Editor Guo SY Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(27):4237-4240
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Colchicine sensitizes human hepatocellular carcinoma cells to
damages caused by radiation
Chia-Yuan Liu, Hui-Fen Liao, Shou-Chuan Shih, Shee-Chan Lin, Wen-Hsiung Chang, Cheng-Hsin Chu, Tsang-En Wang,
Yu-Jen Chen
Chia-Yuan Liu, Shou-Chuan Shih, Shee-Chan Lin, WenHsiung Chang, Cheng-Hsin Chu, Tsang-En Wang, Division of
Gastroenterology, Department of Internal Medicine, Mackay
Memorial Hospital, Taipei, Taiwan, China
Chia-Yuan Liu, Hui-Fen Liao, Yu-Jen Chen, Department of Medical
Research, Mackay Memorial Hospital, Taipei, Taiwan, China
Shou-Chuan Shih, Mackay Medicine, Nursing and Management
College, Taipei, Taiwan, China
Hui-Fen Liao, Yu-Jen Chen, Graduate Institute of Sports Coaching
Science, Chinese Culture University, Taipei, Taiwan, China
Yu-Jen Chen, Department of Radiation Oncology, Mackay
Memorial Hospital, Taipei, Taiwan, China
Hui-Fen Liao, Department of Molecular Biology and Biochemistry,
National Chiayi University, Chiayi, 300 Taiwan, China
Supported by the MMH grant from Mackay Memorial Hospital,
No. 9252
Correspondence to: Dr. Yu-Jen Chen, Department of Radiation
Oncology, Mackay Memorial Hospital, 92, Section 2, Chung San
North Road, Taipei 104, Taiwan, China. chenmdphd@yahoo.com
Telephone: +886-2-28094661 Fax: +886-2-28096180
Received: 2004-11-24 Accepted: 2004-12-20

Abstract
AIM: We studied the effect of colchicine combined with
radiation on the survival of human hepatocellular
carcinoma (HCC) HA22T/VGH cells.
METHODS: Twenty-four hours after treatment with
0-8 ng/mL colchicine, HA22T/VGH cells were irradiated
at various doses (0, 1, 2, 4, and 8 Gy). Colony assay was
performed to assess the surviving cell fraction. Survival
curves were fitted by using a linear-quadratic model to
estimate the sensitizer enhancement ratio (SER). Flow
cytometry was used for cell cycle analysis.
RESULTS: Colchicine at lower concentrations (1 and
2 ng/mL) had obvious synergy with radiation to inhibit
HCC cell growth, whereas higher concentrations (4 and
8 ng/mL) had only additive effect to radiation. Pretreatment
with 1 and 2 ng/mL colchicine for 24-h enhanced cell
killing by radiation with SERs of 1.21 and 1.53, respectively.
G2 /M arrest was only observed with higher colchicine
doses (8 and 16 ng/mL) after 24-h treatment; this effect
was neither seen with lower doses (1, 2, and 4 ng/mL)
nor with any dose after only 1 h of treatment.
CONCLUSION: Our results suggest that colchicine has
potential as an adjunct to radiotherapy for HCC treatment.
Lower doses of colchicine possess radiosensitizing effects
via some mechanism other than G2/M arrest. Further study
is necessary to elucidate the mechanism.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colchicine interferes with microtubule formation, thereby
affecting mitosis and other microtubule-dependent
functions[1]. It has been used in clinical practice for a long
time, including for the treatment of acute gout[2], prophylaxis
of recurrent gout[3], Behcet’s disease[4], chronic hepatitis B[5],
and primary biliary cirrhosis[6]. It is a relatively safe and an
effective drug when used with appropriate dosage[7].
Hepatocellular carcinoma (HCC) is a highly malignant
tumor with poor prognosis and high mortality. It is a
common malignancy in Asian countries. In China, the
incidence has been increasing over the past two decades.
The age-adjusted rate of death per 100 000/year was 20.37
in the 1990s. In the USA, the incidence of HCC has
approximately doubled over the past three decades [8] .
Aggressive treatment with a variety of modalities, including
surgery, transarterial chemoembolization, percutaneous
ethanol injection, radiofrequency ablation, microwave
coagulation therapy, and laser-induced thermotherapy have
all been used in an attempt to control this disease. However,
the overall 5-year survival is still around 5%. Few tumors
are resectable because of advanced stage or the presence
of associated liver disease[9,10].
Radiation therapy (RT) has not played an important role
in HCC treatment in the past because normal liver tissue
has low tolerance to radiation. Radiation hepatitis usually
develops with whole liver irradiation at or above 35 Gy, yet
this dose level may not be sufficient to eradicate the tumor.
However, small portions of the liver can be irradiated with
50-60 Gy without significant long-term morbidity. Recent
advances in RT including three-dimensional conformal radiation
therapy (3DRT) limits the exposure of normal liver tissue
and allows delivery of higher RT doses (40-80 Gy)[11]. 3DRT
has improved treatment outcome and reduced normal liver
damage in unresectable HCC[12]. There is a dose-response
relationship with 3-DRT for primary HCC, with only the
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radiation dose being a significant factor for predicting
treatment response [13]. It is important to develop novel
ways to improve the efficacy of RT, not only by physical
technique but also by phar macological agents. The
development of radiosensitizers in order to reduce the
required cytotoxic RT dose for HCC is especially important
for this disease that arises in the midst of radiosensitive
normal tissue.
Other studies have demonstrated that cells are most
radiosensitive in the G2/M phase, whereas the most resistant
are in late S phase[14]. Because colchicine arrests the cell
cycle at the G2/M phase, we designed this study to assess
its effect in combination with radiation on HA22T/VGH,
a poorly differentiated HCC cell line[15,16].

MA
TERIALS AND METHODS
MATERIALS
Preparation of colchicine
Colchicine (C22H25NO6, molecular weight 399.4, purity 95%)
was purchased from Sigma Co. (St. Louis, MO, USA). The
powder was dissolved in distilled water to form an aqueous
stock solution and diluted with PBS before use.
Cell culture
The human poorly differentiated HCC cell line HA22T/
VGH[15,16] was cultured in DMEM (GIBCO, Grand Island,
NY, USA) supplemented with 10% heat-inactivated fetal
calf serum (FCS, Hyclone, Logan, UT, USA), NaHCO3
(10 mmol/L) and HEPES (20 mmol/L) at 37
in a
humidified 50 mL/L CO2 incubator. For routine subculturing,
the cells were grown to near confluence, collected by 0.25%
trypsin, counted using the trypan blue exclusion test, and
adjusted to an initial density of approximately 104 cells/mL.
Colchicine treatment and radiation delivery
In preliminary work, we determined the cytotoxic effect
of different colchicine concentrations on HA22T/VGH
HCC cells by using a 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyl-tetrazolium bromide (MTT) assay and found that
concentrations up to 2 ng/mL were non-toxic. Based on
these preliminary results, we used colchicine concentrations
of 0-8 ng/mL to test for radiosensitization. HA22T/VGH
HCC cells were treated with 0, 1, 2, 4, and 8 ng/mL
colchicine for 24 h, and the colchicine was washed out before
RT. RT with 6 MeV electron beam energy was delivered
by a linear accelerator (Clinac  1800, Varian Associates,
Inc., CA, USA; dose rate 2.4 Gy/min) at various doses (0,
1, 2, 4, and 8 Gy) in a single fraction. Full electron equilibrium
was ensured for each fraction by a parallel plate PR-60C
ionization chamber (CAPINTEL, Inc., Ramsey, NJ, USA).
One hundred and fifty viable tumor cells were plated onto
35-mm six-well culture dishes and were allowed to grow in
DMEM medium containing 10% heat-inactivated FCS and
in a
the various concentrations of colchicine at 37
humidified 50 mL/L CO 2 incubator for 24 h. Then the
cells were treated with various radiation doses. Following
radiation, a colony assay was performed.
Colony assay
After 10-14 d, the culture dishes were stained with 3%
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crystal violet and colonies ( 50 cells) were counted. The
surviving fraction was calculated as mean colonies/cells
inoculated. The mean plating efficiency for untreated
HA22T/VGH HCC cells was 43%. Survival curves were
fitted by using a linear-quadratic model[17]. The sensitizer
enhancement ratio (SER) was calculated as the radiation
dose needed for radiation alone divided by the dose needed
for colchicine plus radiation at a surviving fraction of 37%
(D0 in radiobiology).
Cell cycle analysis by flow cytometry
Cells were treated with various doses of colchicine (0, 1, 2,
4, 8, and 16 ng/mL) for 1 or 24 h, then harvested and
fixed at 4
for 1 h with 70% ethanol. The cells were
stained for 30 min with propidium iodide (PI) solution (PI,
0.5 mg/mL; RNAse, 0.1 mg/mL; Sigma Co.) from a
CycleTEST plus DNA reagent kit (Becton Dickinson,
Lincoln Park, NJ, USA). Analysis of DNA content was
performed using a FACScalibur flow cytometer (Becton
Dickinson). The data from 104 cells were collected and
analyzed using ModFit software (Becton Dickinson).
Statistical analysis
Data were expressed as percentage and mean±SE.
We used Sigma Plot software (version 8.0, SPSS Inc.,
Chicago, IL, USA) to fit survival curves with a linearquadratic model. One-way analysis of variance was used to
compare the colony formation between different groups
(SPSS, version 10.0, Chicago, IL, USA).

RESUL
TS
RESULTS
Cell survival and SER
The results of colony assays of various doses colchicine
combined with radiation are shown in Table 1. There was
an obvious synergistic effect of low-dose colchicine (1 and
2 ng/mL) plus radiation. When the dose was increased to 4
and 8 ng/mL, only mild additive effects were noted.
As the survival curves in Figure 1 demonstrate, lowdose colchicine sensitized HA22T/VGH HCC cells to
radiation in a dose-dependent manner. The RT doses
required for a surviving fraction of 37% (D0 in radiobiology)
after pretreatment with 0, 1, and 2 ng/mL colchicine were
9.45, 7.80, and 6.16 Gy respectively. The calculated SERs
of colchicine were 1.21 for 1 ng/mL and 1.53 for 2 ng/mL.

1.0
Surviving fraction (%)

4238

0 ng/mL colchicine
1 ng/mL colchicine
2 ng/mL colchicine
0.1
0

2
4
RT dose (Gy)

6

8

Figure 1 Radiation survival curves for human HA22T/VGH hepatocellular
carcinoma cells. Cells were treated with vehicle ( ), colchicine 1 ng/mL ( )
and 2 ng/mL ( ) for 1 h before radiation.
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Colchicine
(ng/mL)

0

1

2

4

8

RT 0 Gy

81.0±4.0

78.7±1.0

72.8±3.3

57.5±4.0

29.2±2.7

1

78.3±4.1

70.5±5.1

52.7±4.5

43.3±4.3

22.3±3.0

2

59.8±3.5

53.5±4.2

42.3±3.6

33.2±2.5

12.8±3.0

4

51.2±3.0

41.5±3.2

32.8±3.2

27.0±3.3

11.5±2.7

8

38.2±5.6

27.3±3.5

18.5±1.8

15.3±2.4

6.7±1.8

Cell cycle analysis after varying doses of colchicine
Although colchicine is reported to arrest mitosis, no HA22T/
VGH HCC cells were clearly seen in the G2/M phase 1-h
treatment (data not shown). After 24 h of colchicine
treatment, significant G2/M arrest was induced by higher
doses (8 and 16 ng/mL) but not by doses, which were less
than 8 ng/mL (Table 2). The DNA histograms after 24 h
of treatment with varying doses of colchicine are shown in
Figure 2.

Table 2 Cell cycle analysis of human HA22T/VGH hepatocellular
carcinoma cells. Cell were treated with various doses of colchicine
for 24 h and analyzed by flow cytometry
Cell cycle distribution (%)
Colchicine (ng/mL)
G0/G1

S

G2+M

0

49.0±1.4

24.6±1.1

26.4±1.0

1

51.4±1.1

21.7±1.4

26.9±1.0

2

52.2±1.5

21.5±1.4

26.3±0.9

4

51.6±1.9

22.0±1.5

26.5±0.9

8

43.0±2.1a

21.7±1.7

35.4±1.2b

16

17.6±1.3b

23.5±1.3

58.9±2.2b

P<0.05, bP<0.01 vs colchicine treatment with 0 ng/mL.

a

A

200

200

200

DISCUSSION
The present study demonstrates that pretreatment with
colchicine is capable of reducing the survival of irradiated
human HCC HA22T/VGH cells. The combined effect
varies with the dose of colchicine. Pretreatment with
colchicine at lower doses (1-2 ng/mL) 1 h prior to RT
yielded a synergistic effect on radiation-induced cytotoxicity.
Higher doses gave only a mild additive effect. However,

the G2/M arrest phenomenon was not found with low doses
or short-term (1 h) colchicine treatment. Evident G2/M
arrest was observed after treatment with higher doses (8
and 16 ng/mL) of colchicine for 24 h. Alteration of cell
cycle distribution therefore may not play a major role in the
radiosensitizing effect of colchicine in this combined therapy.
RT plays an important role in combined treatment for
several malignant tumors [18,19] . However, the risk of
radiation-induced toxicity limits its use in liver tumors[20]. While
3DRT is increasingly used for HCC, limiting the volume
of irradiated normal liver and allowing adjustment of the
radiation dose to improve the therapeutic index, it still has
many limitations. Advanced liver cirrhosis or poor liver
reserve is a common problem in patients with HCC[21]. The
risk of hepatic failure after cytotoxic doses of RT therefore
remains as a great problem. Radiosensitizers may give
patients with poor liver reserve a better chance of controlling
their tumor. Pentoxifylline and ganglioside GD3 have been
shown to act as radiosensitizers in the human HCC cell line
HepG2. Pentoxifylline may do so by causing cell cycle arrest
in the G2/M phase. Ganglioside GD3 may have a dual
action in producing radiosensitization by interacting with
mitochondria and by inactivating NF-κB[22,23].
The safety and therapeutic range of colchicine are well
established. The doses of colchicine (0-8 ng/mL) we used
before RT are much lower than those in previous reports
for other in vitro disease models[7]. Our results demonstrate
that colchicine enhances the radiation effect in vitro, thus
reducing the radiation dose needed to inhibit tumor growth.
Most RT-related complications develop not early in the
course of RT but rather after a high cumulative dose. Using
colchicine at low doses yielded an SER of 1.21 at 1 ng/mL
and 1.53 at 2 ng/mL. This means that if the original planned
RT dose was 50 Gy, the same cytotoxic effect would be
achieved by only 32.68 Gy after pretreatment with 2 ng/mL
of colchicine. This reduced RT dose is close to 30 Gy, the
threshold for whole liver irradiation, which may result in lethal
liver damage with a 5% probability in 5 years (TD 5/5)[20].
Our results suggest that lower doses of colchicine
sensitize HA22T/VGH HCC cells to radiation. At lower
doses (1 and 2 ng/mL), 24 h of treatment with colchicine
did not change the G2/M phase distribution significantly.
At higher doses (8 and 16 ng/mL), the drug arrested that
cell cycle at the G2/M phase. There was an accompanying
evident sub-G 1 peak noted on the DNA histogram
(Figure 2). This implies that the synergistic effect of
colchicine and RT may involve multiple mechanisms,

B

C

200

Table 1 Colony assay of human HA22T/VGH hepatocellular
carcinoma cells. Data are expressed as mean±SE

D

0

1 023

0

0

0

0

Colchicine 16 ng/mL

0

1 023

Figure 2 DNA histograms in cell cycle analyses of HA22T/VGH cells by
flow cytometry. A: Control; B: Colchicine 2 ng/mL; C: Colchicine 8 ng/mL;

0
D: Colchicine 16 ng/mL.

1 023

0

1 023
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perhaps including cell cycle regulation, induction of
apoptosis, and others.
In conclusion, colchicine at optimal doses sensitizes
human HA22T/VGH HCC cells to radiation by a mechanism
other than cell cycle arrest at the G2/M phase.
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pretreatment levels of HCV RNA (P = 0.019) and higher
histological activity index (HAI) score for intralobular
regeneration and focal necrosis (P = 0.037). By multivariate
analyses, HCV genotype non-1b, younger age and lower
pretreatment HCV RNA levels were significantly
associated with HCV SVR (odds ratio (OR)/95% confidence
interval (CI): 12.098/0.02-0.19, 0.936/0.890-0.998, and
3.131/1.080-9.077, respectively). The SVR of SENV-D was
higher among patients clearing SENV-D than those who
had viremia at the end of therapy (P = 0.04).
CONCLUSION: Coexistent SENV-D infection, apparently
associated with higher ages, is found in more than onethird Taiwanese CHC patients. Both HCV and SENV-D are
highly susceptible to combination therapy with high-dose
IFN and ribavirin and SENV-D co-infection does not affect
the HCV response. HCV genotype, pretreatment HCV RNA
levels and age are predictive factors for HCV SVR.

Abstract

© 2005 The WJG Press and Elsevier Inc. All rights reserved.

AIM: The clinical significance of co-infection of SENV-D
among patients with chronic hepatitis C (CHC) and
response of both viruses to combination therapy with
high-dose interferon-alfa (IFN) plus ribavirin remain
uncertain and are being investigated.

Key words: Chronic hepatitis C; Combination therapy;
Interferon; Ribavirin; SENV-D

METHODS: Total 164 (97 males and 67 females, the
mean age 48.1±11.4 years, range: 20-73 years, 128
histologically proved) naive CHC patients were enrolled
in this study. SENV-D DNA was tested by PCR method.
Detection of serum HCV RNA was performed using a
standardized automated qualitative RT-PCR assay (COBAS
AMPLICOR HCV Test, version 2.0). HCV genotypes 1a,
1b, 2a, 2b, and 3a were determined by using genotypespecific primers. Pretreatment HCV RNA levels were
determined by using the branched DNA assay (Quantiplex
HCV RNA 3.0). There are 156 patients receiving combination
therapy with IFN 6 MU plus ribavirin for 24 wk and the
response to therapy is determined.
RESULTS: Sixty-one (37.2%) patients were positive for
SENV-D DNA and had higher mean age than those
who were negative (50.7±10.6 years vs 46.6±11.6 years,
P = 0.026). The rate of sustained viral response (SVR)
for HCV and SENV-D were 67.3% (105/156) and 56.3%
(27/48), respectively. By univariate analysis, the higher
rate of SVR was significantly related to HCV genotype
non-1b (P<0.001), younger ages (P = 0.014), lower

Dai CY, Chuang WL, Chang WY, Chen SC, Lee LP, Hsieh
MY, Hou NJ, Lin ZY, Hsieh MY, Wang LY, Yu ML. Co-infection
of SENV-D among chronic hepatitis C patients treated with
combination therapy with high-dose interferon-alfa and
ribavirin. World J Gastroenterol 2005; 11(27): 4241-4245
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INTRODUCTION
A new family of DNA viruses was recently isolated and
designated as SEN virus (SENV)[1,2]. SENV is a singlestranded circular DNA virus distantly related to the large
TT virus family with eight different variants (A-H) shown
by phylogenetic analysis[3]. Two strains of SENV (SENV-D
and SENV-H) are more prevalent among patients with
transfusion-associated non-AE hepatitis than in healthy
blood donors that suggested the significant associations
between SENV-D/H and transfusion-associated hepatitis[2,4].
Nevertheless, the clinical implication and etiological
importance in association with liver diseases of SENV
infection still remain undetermined.
HCV is the major etiologic agent of post-transfusion
hepatitis and leads to chronic liver disease and primary
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hepatocellular carcinoma[5,6]. With the prevalence rate of
chronic hepatitis C (CHC) ranging from 0.95% to 2.6%
among the general population [7,8], we had previously
reported a positive rate of anti-HCV up to 57.9% in some
communities in southern Taiwan[9]. For CHC, the combination
therapy with interferon-alfa (IFN) and ribavirin has been
considered as first-line therapy. Previous reports have
demonstrated the increased rate of sustained viral response
(SVR) to 31-43% after combination therapy for 24 or 48 wk
than 6-19% of IFN monotherapy[10,11]. Lai et al., reported a
SVR rate of 43% after combination therapy with standard
IFN dose in Taiwan[12]. In our previous study, the rate of
HCV SVR with a high-dose IFN monotherapy achieved
41.2% among Taiwanese CHC patients[13] and the tailoreddose IFN monotherapy according to the virological
characteristics of CHC patients yielded a better efficacy[14].
The benefits of high-dose IFN may be gained in the
combination therapy for CHC.
The clinical significance of SENV infection in
combination with HCV infection remains controversial. For
patients with CHC, Rigas et al., reported that co-infection
with SENV might adversely affect the outcome of
treatment with combination therapy [15]. Another study,
however, did not support their findings[16]. The aims of the
present study are to survey the prevalence and clinical
implications of SENV-D co-infection on biochemical,
pathological, and virological profiles among CHC patients.
The response of HCV and SENV-D to combination therapy
with high-dose IFN and ribavirin are also investigated.
Furthermore, we elucidate the predictive factors for HCV
SVR and the influence of concurrent SENV-D infection
on HCV response to combination therapy.

MA
TERIALS AND METHODS
MATERIALS
Patients
Between May 1998 and May 2001, a total of 164 Taiwanese
CHC patients in the clinics of hepatological division of the
Kaohsiung Medical University Hospital, 97 men and 67
women, aged between 20 and 73 years (mean 48.1±11.4 years)
were enrolled in the study. All patients were diagnosed with
chronic HCV infection based on continuous positivity for
second-generation antibody to HCV (anti-HCV) in serum
for more than 6 mo and positive for HCV RNA. Liver
biopsies were carried out in 128 patients and the disease
activity grade and fibrosis stage were quantitatively scored
according to the histological activity index (HAI) scoring
system[17]. Patients who were positive for hepatitis B surface
antigen (HBsAg) had human immunodeficiency virus type
I infection, autoimmune liver disease, metabolic liver diseases
including α-1 anti-trypsin deficiency hemochromatosis or
Wilson’s disease, alcoholic liver disease or intravenous drug
abuse were excluded. All the serum samples, when collected
from patients at the time of their evaluation, were stored at
-70 before testing. The study had been approved by the
Ethics Committee of Kaohsiung Medical University
Hospital and all patients had given their informed consent.
Methods
Laboratory tests Serum HBsAg was assayed using
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commercially available kits (General Biological HBsAg
radio-immunoassay; General Biological Cooperation,
Taiwan) and second-generation HCV antibody (anti-HCV)
was detected with commercially available ELISA kits
(Abbott, North Chicago, IL, USA). Alanine aminotransferase
(ALT, normal upper limit of serum ALT = 34 IU/L) was
measured on a multichannel autoanalyzer.
Detection of SENV-D DNA and detection/
quantification/genotyping of serum HCV RNA The
presence of SENV-D DNA was determined by PCR as
described previously[18]. Detection of serum HCV RNA was
performed using a standardized automated qualitative
RT-PCR assay (COBAS AMPLICOR HCV Test, version
2.0; Roche, Branchburg, NJ, USA). The detection limit was
50 IU/mL. HCV genotypes 1a, 1b, 2a, 2b, and 3a were
determined by amplification of the core region using
genotype-specific primers described by Okamoto et al.[19].
Pretreatment HCV RNA levels were determined by using
the branched DNA assay (Quantiplex HCV RNA 3.0, Bayer,
Emeryville, CA, USA), performed strictly in accordance
with the manufacturer’s instructions. The quantification limit
was 615 IU of HCV RNA per milliliter.
Combination therapy with high-dose IFN and
ribavirin Total 156 CHC-naive patients (92 males, 64
females, mean age: 48.0±11.5 years, 122 patients with liver
biopsies) received combination therapy for 24 wk using IFN
subcutaneously at a dosage of 6 MU thrice a week and
ribavirin by mouth at a dosage of 1 000-1 200 mg daily.
After the cessation of therapy, all of them received 24 wk
of follow up for evaluation of the response. A SVR for
HCV was defined as clearance of serum HCV RNA at the
end of the therapy and 24 wk after the cessation of
combination therapy. All other patients were defined as
non-responders (NR). To evaluate the response of SENV-D,
the presence of SENV-D DNA was determined at wk 24
and 48. An end-of-treatment viral response (ETVR) and a
SVR for SENV-D were indicated by negative PCR results
at wk 24 and 48, respectively.
Statistical analysis
Serum HCV RNA levels were expressed as the mean±SD
after logarithmic transformation of original values.
Frequency was compared between groups using the χ2 test
or Fisher’s exact test, and group means were compared
using the t-test. For all tests a P value lesser than 0.05 was
considered to be significant. Stepwise logistic regression was
used to analyze factors associated with response to
combination therapy in CHC patients. Odds ratios (ORs)
and their associated 95% confidence intervals (CIs) were
used to quantify the magnitude of their associations.

RESUL
TS
RESULTS
Study population
The mean pretreatment ALT and HCV RNA levels of the
164 CHC patients was 136.9±168.9 IU/L and 5.79±0.67
log IU/mL, respectively. There were 140 (85.4%) patients
with abnormal ALT levels. The HCV genotype distribution
was as follows: 1b in 80 (48.8%) patients, 2a in 48 (29.3%)
patients, 2b in 18 (11.0%) patients, mixed in 13 (7.9%)
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patients and unclassified in 5 (3.0%) patients. Of 128
patients undergoing liver biopsies, the mean scores for
peri-portal necrosis, intralobular necrosis, portal inflammation
(grading) and fibrosis were 1.11±1.34, 0.52±0.88, 1.91±1.24,
3.51±2.55, and 1.25±1.36, respectively.
SENV-D viremia in chronic hepatitis C patients
Of 164 CHC patients, 61 patients were positive for SENV-D
DNA showing a prevalence of 37.2%. The comparison of
clinical characteristics between patients with and without
SENV-D co-infection was shown in Table 1. The mean age was
higher among patients with positive SENV-D DNA than
those who were negative for SENV-D DNA (50.7±10.6 years
vs 46.6±11.6 years, P = 0.026). No other clinical and
virological factor was related to positive SENV-D DNA.
Among 128 patients that underwent liver biopsies, all the
mean scores were similar between SENV-D DNA-positive
and -negative patients.

Table 1 Comparison of clinical characteristics between individuals
with and without SENV-D viremia in 164 CHC patients
SENV-D viremia
Positive (n = 61)
Sex (male) (%)

Negative (n = 103)

P

36 (59.0)

61 (59.2)

NS

50.7±10.6
144.0±164.3

46.6±11.6
125.8±164.2 )

0.026
NS

8 (33.3)
53 (37.9)

16 (66.7)
87 (62.1

NS

HCV RNA levels (log IU/mL)
HCV genotype 1b (%)

5.72±0.70
26 (42.6)

5.85±0.63
54 (52.4)

NS
NS

Histology (HAI scores)
Peri-portal necrosis

46
1.11±1.34

82
1.11±1.35

Intralobular necrosis
Portal inflammation

0.70±1.00
1.80±1.31

0.41±0.78
1.98±1.21

Age (yr)
Serum ALT (IU/L)
Normal ( 34 IU/L) (%)
Abnormal (>34 IU/L) (%)

Total score (grading)
Fibrosis

3.54±2.65
1.39±1.50

3.49±2.52
1.16±1.28
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99 (63.5%) patients having abnormal ALT levels and high
serum HCV levels ( 200 000 IU/mL). Of 122 patients
undergoing liver biopsies, the mean scores for peri-portal
necrosis, intralobular necrosis, portal inflammation (grading),
and fibrosis were 1.09±1.31, 0.52±0.89, 1.93±1.22,
3.52±2.48, and 1.23±1.33, respectively. After combination
therapy with high dose IFN and ribavirin for 24 wk,
105 (67.3%) of 156 patients achieved SVR. The clinical
and virological features between CHC patients with HCV
SVR and those with NR are shown in Table 2. In comparison
between these two groups by univariate analysis, the
higher rate of SVR was significantly related to younger
ages (P = 0.014), lower pretreatment levels of HCV RNA
(<200 000 IU/mL, P = 0.019), HCV genotype non-1b
(P<0.001) and higher HAI score for intralobular regeneration
and focal necrosis (P = 0.037). No significant association
between other clinical and virological factors and HCV
response of combination therapy was observed. Based on
multivariate regression analyses, the significant factors
associated with HCV SVR after combination therapy were
HCV genotype non-1b, younger age and pretreatment HCV
RNA levels less than 200 000 IU/mL with the OR and
95%CI of these factors summarized in Table 3.

Table 2 Comparison of clinical and virological features between
sustained viral responders (SVR) and non-responders (NR) of CHC
patients after combination therapy
HCV response
NR (n = 51)
31 (60.8)

61 (58.1)

NS

NS

Age (yr)

51.24±11.3

46.4±11.3

0.014

NS
NS

Serum ALT (IU/L)

122.2±105.0

140.9±189.9

NS

4 (18.2)

18 (81.8)

NS

NS
NS

Abnormal (>34 IU/L) (%)

47 (34.6)

87 (65.4)

HCV RNA levels (log IU/mL)

5.90±0.62

5.73±0.68

NS

High level ( 200 000 IU/mL) (%)

39 (39.4)

60 (60.6)

0.019

Low level (<200 000 IU/mL) (%)

12 (21.1)

45 (78.9)

HCV genotype 1b (%)

44 (86.3)

32 (30.5)

<0.0001

Positive SENV-D DNA (%)

16 (31.4)

41 (39.0)

NS

Results are expressed as mean±SD. HAI: histological activity index, NS: no
significance.

HCV virological response to combination therapy
Of all 156 naive CHC patients receiving combination
therapy, the HCV genotype distribution was as follows: 1b
in 76 (48.7%) patients, 2a in 47 (30.1%) patients, 2b in 16
(10.3%) patients, mixed in 12 (7.7%) patients, and
unclassified in 5 (3.2%) patients. The mean pretreatment
ALT and HCV RNA levels were 134.8±166.8 IU/L and
5.79±0.66 log IU/mL, respectively with 133 (85.3%) and

Sex (male) (%)

P

SVR (n = 105)

Normal ( 34 IU/L) (%)

Histology (HAI scores)
Patients no.

37

Peri-portal necrosis

1.08±1.30

1.091±1.323

85
NS

Intralobular necrosis

0.278±0.61

0.64±0.97

0.037

Portal inflammation

2.03±1.17

1.89±1.25

NS

Total score (grading)

3.32±2.22

3.60±2.59

NS

Fibrosis

1.41±1.38

1.157±1.31

NS

Results are expressed as mean±SD. HAI: histological activity index, NS: no
significance.

Table 3 Stepwise logistic regression analysis of factors significantly associated with HCV sustained virologic response (SVR) after
combination therapy in 156 CHC patients
Dependent variable

Independent variable

Comparison

HCV genotypes

1b = 0
Non-1b = 1

Age
HCV RNA level

Per year increased
High ( 200 000 IU/mL) = 0

OR (95%CI1)

P

12.098 (0.02–0.19)

<0.001

HCV SVR

Low (<200 000 IU/mL) = 1
1

CI: Confidence interval.

0.936 (0.890–0.998)
3.131 (1.080–9.077)

0.011
0.036
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Clearance of SENV-D DNA after combination therapy
SENV-D DNA was followed in 48 CHC patients (28 males,
20 females, mean age: 50.2±10.5 years) concomitant with
SENV-D viremia before combination therapy. Their mean
ALT level was 154.6±179.8 IU/L (range: 16-1 112 years)
and 41 patients were abnormal. The HCV genotype
distribution is as follows: 1b in 19 patients, 2a in 19 patients,
2b in 4 patients, mixed in 5 patients, and unclassified
in 1 patient. The clinical characteristics and virological
features between individuals with and without SENV-D
DNA after combination therapy were analyzed and shown
in Table 4. At the end of treatment, SENV-D DNA was
negative in 37 patients (77.1%). Thirteen of thirty-seven
patients (35.1%) had reappearance of serum SENV-D
DNA when followed 24 wk after the cessation of therapy.
Three of eleven patients (27.3%) with positive SENV-D
DNA at the end of treatment were cleared of SENV-D
DNA 24 wk after the cessation of therapy. The rate of
SVR of SENV-D DNA after combination therapy was
56.3% (27/48). As shown in Table 4, the SVR of SENV-D
was higher among patients with ETVR than those who
were SENV-D viremia at the end of treatment (88.9% vs
61.9%, P = 0.04). No other clinical and virological factor
was related to SVR for SENV-D.

Table 4 Comparison of clinical characteristics and virological
features between 48 CHC patients with and without sustained
clearance of SENV-D after combination therapy
SENV-D response
NR (n = 21)

SVR (n = 27)

P

Sex (male) (%)

15 (71.4)

13 (48.2)

NS

Age (yr)

48.3±10.6

51.7±10.3

NS

157.6±122.9

152.4±216.3

NS

9 (42.9)

18 (66.7)

NS

Serum ALT (IU/L)
High HCV RNA level
(

200 000 IU/mL) (%)

HCV genotype 1b (%)

7 (33.3)

12 (44.4)

NS

SENV-D ETVR (%)

13 (61.9)

24 (88.9)

0.04

HCV SVR (%)

17 (81.0)

18 (66.7)

NS

Results are expressed as mean±SD. ETVR: end-of-treatment viral response,
SVR: sustained viral responder, NR: non-responders, NS: no significance.

DISCUSSION
The geographic distribution of different SENV variants
has been noted. In Japan, SENV-D is more prevalent than
SENV-H[20-23], but the predominant strain of SENV-H has
been reported in the USA[4]. Kao et al., reported that the
prevalence of SENV-H was 2-7 times higher than that of
SENV-D in different northern Taiwanese individuals[16,24].
The findings of the present study revealed that 37.1% of
Taiwanese patients with CHC were co-infected with SENV-D
which is higher by 28% than reports by Kao et al.[16]. Our
previous studies have shown that the prevalence of SENV-D
was also higher than SENV-H not only among southern
Taiwan blood donors (19.7% and 5.8%)[18] but also among
patients on maintenance hemodialysis (46.5% and 27.3%)[25].
Furthermore, we found the prevalence of SENV-H was
19.2% among Taiwanese CHC patients (unpublished data)
which is lower than that of SENV-D. It is interesting that a
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marked difference of genotypic distribution of SENV
between southern and northern Taiwan exists.
There was a higher mean age among CHC patients who
were SENV-D viremic than non-viremic. We found similar
results among blood donors too[18]. However, we did not
observe significant correlation between age and the
prevalence of SENV-H among blood donors[18] and CHC
patients (unpublished data). The cause of discrepancy
between trends of change in the prevalence of SENV-D
and -H was not clear. Whether the possible assumptions
such as the different exposure rate or routes of infection
or different rates of spontaneous clearance between these
two strains can clarify the issues needs further large-scale
and longitudinal studies.
The clinical significance of SENV infection in combination
with HCV infection remains unclear [15,16]. Kao et al.,
reported the relevance between HCV genotype 2a and
SENV co-infection[16]. The present study revealed that the
pretreatment mean ALT levels and HCV RNA levels, and
the histological scores between CHC patients with and
without SENV-D co-infection were compatible and failed
to show association between SENV-H and HCV genotype.
Nevertheless, we have found a correlation between
SENV-H co-infection and HCV genotype 1b among CHC
patients (unpublished data). The discrepancy needs further
studies. The biochemical and histological characteristics of
CHC patients were not influenced by SENV-D co-infection
that indicated the irrelevance between severity of liver
disease and SENV-D co-infection.
As previous reports from researchers in Taiwan, the
SVR rate of CHC patients was high (40-43%) after
combination therapy with IFN 3 MU and ribavirin for
24 wk[12,16]. In the present study, the HCV SVR rate was
67.3% after combination therapy with 6 MU IFN and
ribavirin for 24 wk, which may further indicate the favorable
results of combination therapy for Taiwanese CHC patients.
The positive predictors of SVR to combination therapy
with high-dose IFN were elucidated as HCV genotype
non-1b, lower pretreatment HCV RNA levels and younger
age. HCV genotype non-1b, having 12 times of SVR rate
than genotype 1b in the present study, is the most important
factor predicting SVR. Previous reports have demonstrated
that HCV with SENV co-infection affected HCV response
to combination therapy with IFN plus ribavirin adversely[15]
but the other report denied the relevance between HCV
response and SENV co-infection[16,22]. Our data here indicates
that SENV-D co-infection does not affect the HCV response
in the combination therapy with high dose IFN and ribavirin.
In addition to co-infection with GB virus C/hepatitis G virus
or TT virus that had no impact on the response to IFN
monotherapy in CHC patients in our previous studies[13,26,27],
it seems unnecessary to determine whether CHC patients
coinfected these viruses or not before they received
combination therapy.
After combination therapy with 6 MU IFN and ribavirin
for 24 wk among 48 CHC patients concomitant with
SENV-D viremia, the rates of viral clearance at the end of
follow-up achieved 56.3%. In an earlier study on the response
of SENV-D among CHC patients, the sustained response
rate of SENV-D has recently been reported by Umemura
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et al., (73.3%) after high-dose IFN monotherapy[22] and by
Kao et al., (87.5%) after combination therapy with 3 MU
IFN and ribavirin for 24 wk [16]. The lower SVR rate of
SENV-D than SENV-H (78.3%, unpublished data) in our
study from southern Taiwan was different from results from
northern Taiwan that showed higher SENV-D SVR rate
(87.5%) than SENV-H (26.8%)[16]. The causes of different
response to combination therapy, in addition to the different
prevalence, of these two strains in southern and northern
Taiwan need further research.
In conclusion, we find that more than one-third
Taiwanese patients with CHC are coinfected with SENV-D
and coexistent SENV-D infection is apparently associated
with higher ages but does not have an influence on the
clinico-pathological characteristics of HCV infection.
SENV-D is highly susceptible and does not affect the HCV
response to combination therapy. After combination therapy
with high dose IFN and ribavirin, two-thirds of Taiwanese
CHC patients achieve SVR and HCV genotype non-1b,
lower pretreatment HCV RNA levels and younger age are
predictive factors for SVR.
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CONCLUSION: Bilirubinate stone is the predominant
composition of initial or recurrent CBD stone in Chinese
patients. The composition of CBD stones may be different
from initial stones after ES.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: Endoscopic sphincterotomy (ES) is a well-established
therapeutic modality for the removal of common bile duct
(CBD) stones. After ES there are still around 10% of patients
that experience recurrent CBD stones. The aim of this
study is to investigate the composition of CBD stones before
and after ES and its clinical significance in Chinese patients.
METHODS: From January 1996 to December 2003, 735
patients with CBD stones received ES at Kaohsiung
Veterans General Hospital and stone specimens from 266
patients were sent for analysis. Seventy-five patients had
recurrent CBD stones and stone specimens from 44
patients were sent for analysis. The composition of the
stones was analyzed by infrared (IR) spectrometry and
they were classified as cholesterol or bilirubinate stones
according to the predominant composition. Clinical data
were analyzed.
RESULTS: In the initial 266 stone samples, 217 (82%)
were bilirubinate stones, 42 (16%) were cholesterol stones,
3 were calcium carbonate stones, 4 were mixed cholesterol
and bilirubinate stones. Patients with bilirubinate stones
were significantly older than patients with cholesterol
stones (66±13 years vs 56±17 years, P = 0.001). In the
44 recurrent stone samples, 38 (86%) were bilirubinate
stones, 3 (7%) were cholesterol stones, and 3 were mixed
cholesterol and bilirubinate stones. In 27 patients, both
initial and recurrent stone specimens can be obtained,
23 patients had bilirubinate stones initially and 2 became
cholesterol stones in the recurrent attack. In the four
patients with initial cholesterol stones, three patients had
bilirubinate stones and one patient had a cholesterol stone
in the recurrent attack.

INTRODUCTION
The prevalence of gallstone diseases varied from 10% to
30% in the normal population and increased with age[1-3].
Most gallstones are asymptomatic, but symptomatic gallstones
may occur due to either cystic duct obstruction or common
bile duct (CBD) stone formation. Endoscopic sphincterotomy
(ES) is a well-established therapeutic modality for the removal
of CBD stones. In follow-up studies after ES, 3-21% of
patients developed recurrent CBD stones[4-6] and most of
them can be treated successfully by endoscopy[4,7].
The main composition of gallstones is cholesterol and
bile pigments [8]. The major composition of GB stones
obtained from Western patients is cholesterol (consisting of
more than 50% cholesterol)[8]. However, in the Asian patients,
most gallstones are pigmented stones[9]. Pigmented stones
can be classified as black stones, associated with hemolysis
or brown stones, associated with infection or bile stasis[10-13].
Stones in the CBD are often brown, pigmented stones[14-16].
After ablation of sphincter, bactobilia may happen and the
pathogenesis of CBD stone formation may be different
from the patients with intact sphincters[17,18]. There have been
few studies reporting the composition of recurrent CBD
stones in patients after ES.
The aim of this study is to determine the composition of
initial and recurrent CBD stones by infrared (IR) spectrometry
and investigate the relationship of clinical characteristics and
the change of the composition of recurrent stones after ES.
MA
TERIALS AND METHODS
MATERIALS
Since January 1996 to December 2003, total 735 patients
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with CBD stones received successful ES with clearance of
CBD stones in Kaohsiung Veterans General Hospital and
266 stone specimens were collected and sent for stone
analysis. During clinical follow-up, 75 patients had recurrent
stones and 44 stone specimens were collected for stone
analysis. Clinical data such as age, sex, diameter of CBD,
size, number and color of stones, presence of juxtapapillary
diverticulum (JPD), gallbladder (GB) status, and GB stones
were recorded. GB stone was detected by sonogram or
computed tomography of abdomen. Diameter of CBD
and size and number of stones were measured during
endoscopic retrograde cholangiopancreatography.
The stone sample was retrieved by Dormia basket (FG22Q-1, Olympus) or snarenet (Roth snarenet, U.S.E.) from
the bile duct. The stone specimen was pulverized into a
homogenous powder, mixed with KBr and ground into fine
particles. The mixed powder was pressed with a hydraulic
pressure of 400 psi for 1 min to form a disc. Sample disc
was analyzed with IR spectrometer. The stones were
classified as cholesterol or bilirubinate stone according to
the predominant composition. The characteristic band
features and key band locations were in accordance with
those reported in the literature[9,19]. Bilirubinate stones had
characteristic IR absorption bands at 970, 1 186, 1 250,
1 568, 1 627, and 1 650/cm with a key band at 1 250/cm;
cholesterol stones had characteristic IR absorption bands
at 728, 836, 952, 1 050, 1 375, 1 470, and 2 950/cm with
key bands at 1 050 and 1 470/cm.
This protocol was approved by the Department of
Medical Research and Education of Kaohsiung Veterans
General Hospital. The values are expressed as mean±SD.
Categorical variables were analyzed with χ2-test or Fisher’s
exact test and continuous variables were analyzed by
Student’s t-test. A P value <0.05 was regarded as significant.

RESUL
TS
RESULTS
Among the 735 patients with CBD stones and receiving
successful ES, there were no significant differences in age,
sex, presence of JPD, or cholecystectomy between the patients
whose stones were collected for analysis or not (Table 1).
In the group of patients with stone collection, their CBD
diameter and stone size were larger.
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stones. Patients with bilirubinate stones were significantly
older than patients with cholesterol stones (66±13 years vs
56±17 years, P = 0.001). There were no significant
differences in sex, CBD diameter, size or number of CBD
stones, presence of JPD, GB status, or presence of gallstones
between patients with bilirubinate or cholesterol stones
(Table 2).

Table 2 Patients’ characteristics and initial stone compositions
Bilirubinate
(n = 217)

Cholesterol
(n = 42)

P

Age (yr)

66±13

56±17

0.001

Sex (M/F)
CBD diameter (cm)

130/87
1.7±0.5

22/20
1.6±0.6

0.365
0.119

Stone size (cm)
Stone number (S/M)

1.2±0.6
111/106

1.2±0.7
16/26

0.410
0.121

93 (43)1

12 (29)

Absent
GB status

124 (57)1

30 (71)

Cholecystectomy
Intact GB

57 (26)1
160 (74)

8 (19)
34 (81)

With stone

111 (51)

20 (48)

JPD
Present

0.084

0.323

Seven patients were excluded (three were calcium carbonate stones, four were
mixed cholesterol and bilirubinate stones). CBD: Common bile duct; S/M: single/
multiple; JPD: juxtapapillary diverticulum; GB: gallbladder. 1Number of cases:
the number inside the parenthesis shows the percentage.

A total 75 patients had recurrent CBD stones and received
another endoscopic treatment. Stone specimens were
collected from 44 patients for stone analysis. In the 44
recurrent stone samples, 38 (86%) were bilirubinate stones,
3 (7%) were cholesterol stones, and 3 were mixed cholesterol
and bilirubinate stones. Among the three patients with recurrent
cholesterol stones, two patients had intact GBs with stones
and one had received a cholecystectomy 6 mo prior to
recurrence. There were no significant differences in age,
sex, CBD diameter, size or number of CBD stones, GB status,
or presence of gallstones between patients with recurrent
bilirubinate or cholesterol stones (Table 3).

Table 3 Patients’ characteristics and compositions of recurrent
CBD stones
Table 1 Patients’ characteristics between stone collected and uncollected groups
Collected (n = 266)

Uncollected (n = 469)

P

Age (yr)
Sex (M/F)

64±14
156/110

65±14
297/172

0.454
0.210

JPD1 (%)
Cholecystectomy (%)

105 (39)2
65 (24)2

158 (34)
108 (23)

0.116
0.665

CBD size (cm)
CBD stone size (cm)

1.7±0.6
1.2±0.6

1.5±0.6
0.6±0.7

<0.001
<0.001

1
JPD: Juxtapapillary diverticulum; CBD: common bile duct. 2Number of cases: the
number inside the parenthesis shows the percentage.

In the 266 stone samples, 217 (82%) were bilirubinate
stones, 42 (16%) were cholesterol stones, 3 were calcium
carbonate stones, 4 were mixed cholesterol and bilirubinate

Age (yr)
Sex (M/F)
CBD diameter (cm)
Stone number (S/M)
Stone size (cm)
JPD
Present
Absent
GB status
Cholecystectomy
Intact GB
With stone

Bilirubinate
(n = 38)

Cholesterol
(n = 3)

P

66±10
21/17
1.9±0.6
16/22
1.4±0.8

65±6
3/0
1.4±0.2
1/2
0.8±0.4

0.836
0.254
0.159
1.000
0.096
0.543

13 (34)1
25 (66)

2 (67)
1 (33)

18 (47)1
20 (53)
15 (39)

1 (33)
2 (67)
2 (67)

1.000

Three patients with mixed cholesterol and bilirubinate stones were excluded. CBD:
Common bile duct; S/M: single/multiple; JPD: juxtapapillary diverticulum; GB:
gallbladder. 1Number of cases: the number inside the parenthesis shows the
percentage.
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In 27 patients, both initial and recurrent stone specimens
can be obtained and sent for analysis, 23 patients had
bilirubinate stones at initial treatment, 21 of them still had
bilirubinate stones and 2 patients had cholesterol stones after
recurrence. Both the patients with recurrent cholesterol
stones also had GB stones. Four patients had cholesterol
stones in the initial attack, three of them had bilirubinate
stones, one patient still had cholesterol stones with recurrence
and this patient had received cholecystectomy 6 mo prior
to recurrence (Table 4).

Table 4 Change of stone compositions between initial and recurrent stone
Initial

Recurrent

Bilirubinate (n = 23)

Bilirubinate (n = 24)
Cholesterol (n = 3)

Cholesterol (n = 4)

21

3

2

1

Among the initial 266 stone samples, colors of stones
were recorded. In the 217 patients with bilirubinate stones,
55 were yellowish, 93 were blackish, 64 were brownish and
5 were greenish. In the 42 patients with cholesterol stones,
15 were yellowish, 12 were blackish, 15 were brownish. In
patients with mixed bilirubinate and cholesterol stones, two
were yellowish and two were blackish. In patients with
calcium carbonate stones, two were yellowish and one was
blackish (Table 5).

Table 5 Compositions and color of stones
Bilirubinate
stone
(n = 217)

Cholesterol
stone
(n = 42)

Mixed
bilirubinate
and cholesterol
stone (n = 4)

Calcium
carbonate
stone (n = 3)

Yellow

55

15

2

2

Black
Brown

93
64

12
15

2
0

1
0

Green

5

0

0

0

DISCUSSION
We found that 82% of our patients had bilirubinate stones
in the first attack, so the mechanism of CBD stone formation
is different from the Western countries, but it is similar to
some Asian studies[9,20,21]. After ablation of sphincter of Oddi
by ES, bactobilia may happen from direct extension of
duodenal organisms into the CBD and β-glucuronidase released
by the bacteria can promote the formation of bilirubinate
stones[17,18,22-24]. This explains why bilirubinate stone is the
predominant composition of recurrent CBD stones (86%)
after ES. Unlike the cholesterol stones, bilirubinate stones
are often soft and easily broken[16], so complete clearance
of bilirubinate stones even after ES may be inadequate;
some radiologically undetectable small fragments of
bilirubinate stones may be left in the CBD; in addition to
impaired biliary emptying, it may lead to bilirubinate stone
formation at a later time.
Among the initial 42 patients with cholesterol stones, 8
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patients received cholecystectomy at least 3 mo (median:
60 mo, range: 3-120 mo) before ES and 14 patients had
intact GB but no GB stones. Besides spontaneous pass-out
of stones, de novo formation of cholesterol stones from
CBD may also be possible in these patients[14,16].
In previous reports, JPD may facilitate primary CBD
stone, but not GB stones formation [16,25]. In our study,
patients with initial bilirubinate stones had higher incidence
of JPD than patients with initial cholesterol stones (43% vs
29%), but the difference did not reach statistical significance
(P = 0.084).
In the 23 patients with initial bilirubinate stones, 21 had
bilirubinate stones at recurrence, 2 had cholesterol stones
when recurrence and these 2 patients also had GB stones
at the time of recurrence, so stone pass-out from the GB
may possibly explain the cholesterol composition of their
CBD stones. In the four patients with initial cholesterol
stones, three patients had bilirubinate stones and one had
cholesterol stones at recurrence. The patient, who had
recurrent cholesterol stones, had received cholecystectomy
6 mo before. It is difficult to determine whether the cholesterol
stone is formed in the bile duct or GB. Our results indicated
that different mechanism of CBD stone formation might
occur in the same patient after ablation of sphincter leading
to the formation of a different composition of stones.
In this study, we found that patients with bilirubinate
stones are older than patients with cholesterol stones. Similar
data have been found in Western patients with cholesterol
vs pigment GB stones[26]. It is well known that the duodenum
is usually sterile in young healthy patients, but immunological
and motor function of the alimentary tract may deteriorate
gradually with age[27]. The bacterial colonization of the CBD
is an age-dependent phenomenon[23] and this may explain
the higher incidence of bilirubinate stones in older patients.
Cholesterol stones were usually yellowish or brownish[15,28],
but 12 out of 42 (29%) cholesterol stones in our patients
were black in color, whereas 93 out of 217 (43%) bilirubinate
stones were black in color. The nature of CBD stones cannot
be completely determined by gross appearance alone[28,29]
and the IR spectroscopy is an important tool to determine
the exact composition of stones.
For most patients, endoscopic retrieval of stones for
analysis is more difficult than surgical procedure. In our study,
only 266 out of 735 patients had received the analysis of
stones. It could be speculated that different stone composition
may influence the collection of stone for analysis during
extraction procedure. Cholesterol stones are often smoother
and harder while bilirubinate stones, on the other hand, are
softer and tend to be broken down into small fragments
when retrieved by basket or even a snarenet. This infers
that the real percentage of bilirubinate stones in our patients
may be actually higher. However, our analysis does not show
significant difference in age, sex, presence of JPD, or
cholecystectomy between patients whose stones were collected
for analysis or not. Even though the CBD diameter and
stone size are larger in the patients with stone analysis, there
is no difference in CBD size or stone size between bilirubinate
or cholesterol stones. We believe that little selection bias
has taken place in our patients, despite only about 36% of
patients’ stones were collected for analysis.

Tsai WL et al. Composition of CBD stones during and after ES

In conclusion, bilirubinate stones are the predominant
composition of initial and recurrent CBD stone after ES in
Chinese patients. Patients with bilirubinate stones are older
than those with cholesterol stones. The composition of
stones may change after ES.
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Abstract
AIM: To investigate the correlation between the serum
soluble intercellular adhesion molecule-1 (sICAM-1) and
the clinicopathologic features and to evaluate the possible
prognostic significance of sICAM-1 concentration in
colorectal cancer.
METHODS: A total of 56 patients (mean age 57.3 years)
having transitional cell carcinoma of the colorectal and
25 control patients (mean age 42.6 years) were enrolled
in the study. The serum samples of the patients were
obtained on the day before surgery. Sera were obtained
by centrifugation, and stored at -80
until assay. Serum
concentrations of ICAM-1 were measured with enzymelinked immunoassay. Differences between the two groups
were analyzed by Student’s t-test.
RESULTS: No significant increase of serum sICAM-1 could
be demonstrated in the Dukes A1 patients (352.63±61.82
µg/L) compared to the control group (345.72±49.81 µg/L,
P>0.05), Dukes A 1 patients (352.63±61.82 µg/L)
compared to Dukes A 2,3 patients (491.17±86.36 µg/L,
P<0.05). Furthermore, the patients with Dukes B had
significantly higher serum concentrations of sICAM-1
than those of the control group (496.82±93.04 µg/L vs
345.72±49.81 µg/L, P<0.01). Compared with Dukes A2,3,
B colorectal cancer patients, patients with more advanced
clinical stage (Dukes C and D) had higher levels of
sICAM-1 (743.68±113.74 µg/L vs 491.17±86.36 µg/L and
496.82±93.04 µg/L, P<0.001). The difference was statistically
significant in sICAM-1 levels between patients with positive
lymph node status and those without lymph node involvement
(756.25±125.57 µg/L vs 445.62±69.18 µg/L, P<0.001).
Patients with poorly differentiated colorectal cancer had

a higher level of sICAM-1 than those with differentiated
and highly differentiated cancer (736.49±121.97 µg/L
vs 410.23±67.47 µg/L, P<0.001).
CONCLUSION: In this study, serum ICAM-1 levels were
found to be related to tumor presence, clinical stages,
and grade. Increased ICAM-1 in patients with colorectal
cancer which should be considered when the diagnostic
and/or prognostic usefulness of soluble ICAM-1 is to be
evaluated. sICAM-1 should prove useful for monitoring
malignant disease stage and for evaluating the
effectiveness of various therapeutic approaches for
colorectal carcinomas.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal cancer is the third most common malignant
neoplasm worldwide[1] and has a higher incidence rate in
Guangdong, Shanghai, Jiangsu, and Zhejiang Province.
Moreover, with the development of economy, diets are
high in total fat, protein, calories, alcohol, and meat (both
red and white) and low in calcium and folate, which incline
to increased incidence of colorectal cancer. The prevalence
of colorectal cancer increased gradually in recent years.
Efforts to identify causes and to develop effective preventive
measures have led scientists pay much attention to it.
Intercellular adhesion molecule-1 (ICAM-1) is a monomeric, transmembrane molecule of the immunoglobulin
superfamily with a molecular weight of 95-110 ku. Two
ligands, the lymphocyte function-associated antigen-1 and
the membrane adhesion complex-1, mediate adhesion and
transvascular migration[2]. This protein mediates adhesion
and transmigration of leukocytes through the endothelium.
Surface expressed ICAM-1 is apparently shed from the cells
and then circulates as soluble ICAM-1 (sICAM-1). Although
the source of sICAM-1 has not been fully elucidated, it can
be released by cancer cells and also by mononuclear blood,
endothelial, and fibroblastic cells[3]. It has been reported that
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the upregulated expression of ICAM-1 on cell surfaces
occurred in a variety of diseases, including autoimmune
diseases, endocrine diseases, and some cancers[4,5]. A soluble
form of ICAM-1 (sICAM-1) lacking cytoplasmic tail and
transmembrane region has also been found[5]. sICAM 1 can
compete with membranous ICAM-1 to bind LFA-1, so that
it can block leukocyte LFA-1 and prevent effective recognition
and lysis of target cells by effector leukocyte. This phenomenon
represents an important mechanism for tumor escape from
immune surveillance[6,7]. Shedding of ICAM-1 by circulating
tumor cells may allow their escape from surveillance by
cytotoxic T cell and natural killer cells and thus promote
metastasis[8]. In our research, we have found that some
anticancer gene and proto-ontogene have different expression
in colorectal cancer[9,10]. In this study, we investigate the
clinical significance of serum adhesion molecule levels at
the time of diagnosis in patients with colorectal carcinoma
and to evaluate the usefulness of these assays in terms of
prognosis and survival.

4.4%. The mean inter-assay CV, determined by assaying three
serum samples in duplicate in 18 separate assays by four
operators, has been determined to be 7.4%. The cut-off values
were calculated as the mean±SD were 860 ng/mL for
sICAM-1. The reported sensitivity of the ELISA is less
than 0.35 ng/mL.
Statistical analysis
The Student’s t-test was used for statistical significance of
differences between groups. P<0.05 was considered to be
significant.

Stage

n

%

Dukes A1
Dukes A2,3
Dukes B
Dukes C and D
Histologic differentiation
Highly
Moderate
Poorly
Localization
Right colon
Left colon
Rectum

3
6
21
26

5.36
10.71
37.50
46.43

RESUL
TS
RESULTS
We studied the correlation between the sICAM-1 levels and
clinicopathological factors, Table 1 shows the relationships
between the concentration of sICAM-1 antigen in the sera
and various clinicopathologic features of the patients. No
significant increase of serum sICAM-1 could be demonstrated
in the Dukes A1 patients (352.63±61.82 µg/L) compared
to a control group (345.72±49.81 µg/L, P>0.05). There is
a significant statistic difference when Dukes A1 patients
(352.63±61.82 µg/L) compared to Dukes A 2,3 patients
(491.17±86.36 µg/L, P<0.05). Furthermore, serum sICAM1 levels were significantly higher in patients with Dukes B
when compared to the control group (496.82±93.04 µg/L
vs 345.72±49.81 µg/L, P<0.01). Among patient groups,
while there was no significant difference between Dukes
A2,3 and Dukes B, a significant difference was found between
Dukes B and Dukes C and D. Compared with Dukes A 2,3 ,
B colorectal cancer patients, the patients with more advanced
clinical stage Dukes C and D, had higher levels of
sICAM-1 (743.68±113.74 µg/L vs 491.17±86.36 µg/L and
496.82±93.04 µg/L, P<0.001). Difference was statistically
significant in sICAM-1 levels between patients with positive
lymph node status and those without lymph node involvement
(756.25±125.57 µg/L vs 445.62±69.18 µg/L, P<0.001).
Poor differentiation was observed to have a higher level of
sICAM-1 than moderated and highly differentiated patients
P<0.001.The positive rates of each group were calculated
with mean±SD of normal control sICAM-1 as a limit. The
results are shown in Table 2.

22
24
10

39.29
42.86
17.85

Table 2 Correlation between soluble ICAM-1 concentrations and
clinicopathologic factors in colorectal cancer

17
21
18

30.36
37.50
32.14

MA
TERIALS AND METHODS
MATERIALS
Patients and specimens
Serum samples were taken from 56 patients (32 men, 24
women, average age 57.3 years) with colorectal cancer admitted
to the Affiliated Hospital of Guangdong Medical College
from 2001 to 2002. In all patients the diagnosis was proven
by histology. Staging was performed according to the criteria
of Dukes system (Table 1).The reference group consisted
of 25 others with non-malignant diseases (9 women and 16
men, average age 42.6 years). Blood samples were obtained
from patients before the initial treatment. All blood samples
were processed immediately for centrifugation. All sera were
until assayed and determined not taking
stored at -80
clinical information into account.
Table 1 Colorectal cancer patients and disease characteristics

Measurement of sICAM-1
The serum levels of soluble receptors were determined
quantitatively by specific enzyme-linked immunosorbent
assay (ELISA). The serum samples were diluted 10 times
according to the manufacturer’s instructions (R&D Systems),
and as described previously[11]. Soluble receptor concentrations
were calculated from standard curves generated by standard
dilutions of known concentrations. The mean intra-assay
CV, determined by assaying the sICAM-1 concentration in
three serum samples in replicates of 10, is reported to be

Factors
Clinical staging
Dukes A1
Dukes A2,3
Dukes B
Dukes C and D
Grade of differentiation
Highly differentiated
Differentiated
Poorly differentiated
Metastasis
Liver
Lymph node positive
Lymph node negative
a

n

ICAM-1 (mean±SD, µg/L)

χ2

3
6
21
26

352.63±61.82a
491.17±86.36
496.82±93.04d
743.68±113.74

2.88<0.05
0.18>0.05
12.38<0.001

22
24
10

410.23±67.47b
486.53±103.64 d
736.49±121.967

4.08<0.01
10.48<0.001

3
23
30

769.19±127.32
756.25±125.57 d
445.62±69.18

0.32>0.05
16.98<0.001

P

P<0.05, Dukes A1 vs Dukes A2,3; bP<0.01, highly differentiated vs differentiated;
P<0.001, Dukes B vs Dukes C and D; Differentiated vs poorly differentiated;
lymph node positive vs lymph node negative.
d
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DISCUSSION
Soluble forms of cell adhesion molecules have been
identified in the circulation and may be monitored as markers
of inflammation and endothelial dysfunction[4]. Neoplastic
transformation and the evolution to metastatic disease are
characterized by a dramatic aberration in cellular cohesive
interactions. The adhesion molecules have also been shown
to facilitate tumor cell motility, adhesion of tumor cells to
endothelium, neovascularization at the metastatic sites, and
host inflammatory response to cancer. Evaluation of
sICAM-1 has shown important clinical implications in many
types of cancer. In particular, the measurement of serum
concentrations of ICAM-1 might provide important
prognostic values independent of conventional pathologic
factors in cancer patients[12-14].
In the present study of colorectal cancer, revealed that
serum sICAM-1 levels were elevated in patients with
colorectal cancer. These parameters were elevated in both
local and metastatic disease and significant correlations
between the parameters and stage of disease were seen.
The data of the present study are in agreement with those
previously reported which described an increase in the
sICAM-1 content of serum in colorectal carcinoma[15,16].
We have also demonstrated that concentrations of sICAM1 are increased in colorectal cancer, particularly in patients
with distant metastasis. Our study also showed that sICAM1 levels were correlated with both clinical staging and lymph
node during liver metastasis involvement. Basoglu[17] reported
that the concentrations of sICAM-1 and TSA were significantly
higher in patients with Dukes C and D, and they presume
that sICAM-1 and TSA are the best of the tested markers.
These markers should prove useful for monitoring malignant
disease stage and for evaluating the effectiveness of various
therapeutic approaches for colorectal carcinomas. In
contrast to our study, it was demonstrated that the expression
of sICAM-1 was inversely correlated with lymph node
metastasis[18].
With regard to prognosis, Liu reported in gastric cancer
that serum sICAM-1 concentration may be a valuable
parameter for predicting the prognosis and degree of the
gastric cancer. Liu[19] measured the circulating ICAM-1 in
the sera of nasopharyngeal, oral, and laryngeal cancer cases
and indicated that the circulating ICAM-1 was not elevated
in the sera of oral and laryngeal cancer patients, but increased
in nasopharyngeal cancer patients. They speculated that the
discrepancy in the level of ICAM-1 among these three
groups of patients with head and neck carcinoma might be
attributed to either the different immunological reaction
profiles or a cell-specific response. The cellular source and
the mechanisms for releasing the soluble components of
these endothelial adhesion molecules, although not well
known, could involve either shedding or enzymatic cleavage
from endothelial cells, leukocyte surfaces or tumor cells[20].
Some mechanisms have been proposed concerning the
elevation of sICAM-1 in serum, such as enzymatic cleavage
of cell surface adhesion molecules or secretion of alternatively
spliced forms lacking the transmembrane domain. Additionally,
that sICAM-1 has been described on malignant epithelial
tissue may be the source of at least some of the sICAM-1
present in sera of cancer patients[21]. It is widely accepted
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that histological stage is a powerful prognostic factor in
colorectal cancer. In this study, it was revealed that ICAM1 status has prognostic value coincide with histological stage.
Therefore, these results suggested that it may be possible
to add ICAM-1 status to conventional clinicopathological
factors to predict recurrence.
In conclusion, our study demonstrates that ICAM-1
expression may be a useful indicator of prognosis in patients
with colorectal cancer. Patients with lymph node, liver invasion,
and advanced clinical stage of tumors had significantly
higher serum concentrations of sICAM-1. Invasion status
and clinical stage are significant prognostic indicators.
Though serum level of sICAM-1 cannot be served as a
specific parameter for colorectal cancer, it is no doubt that
the measurement of the ICAM-1 level may provide a
convenient means to obtain a general indication of colorectal
cancer. Therefore, sICAM-1 may be a valuable predictor
for colorectal cancer clinically.
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Abstract
AIM: To study the effects of concentrated liquor from male
zooid of Antheraea pernyi on immunological mice.
METHODS: For each experiment, 40 mice were randomly
divided into normal saline group (control group) and three
tested groups that were administered different dosages of
concentrated liquor from male zooid of A. pernyi and food
for 15 d. The typical FSR and HC50 value, monocyte-phagocytic
exponent K and emendated monocyte-phagocytic exponent
α were determined and calculated respectively.
RESULTS: After 24 and 48 h, the FSR values of the three
tested groups improved significantly in comparison to the
control group by variance analysis. The HC50 values showed
a significant difference between the high dosage group
and the control group, as well as between the high dosage
group and other two tested groups. The monocyte-phagocytic
exponent K and emendated exponent α showed rising
tendencies, but no significant differences were found by
variance analysis.
CONCLUSION: The concentrated liquor from male zooid
of A. pernyi can significantly enhance cellular and humoral
immune function in mice, but has no distinct influence on
the monocyte-phagocytic system in mice.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Antheraea pernyi; Male zooid; Concentrated
liquor; Mice; Immune function
Li S, Zhang B, Zhang WD, Ma TH, Huang Y, Yi LH, Yu JM.
Immunization of mice with concentrated liquor from male
zooid of Antheraea pernyi. World J Gastroenterol 2005; 11
(27): 4254-4257

http://www.wjgnet.com/1007-9327/11/4254.asp

INTRODUCTION
The concentrated liquor from male zooid of Antheraea pernyi
is a pure preparation of traditional Chinese medicine, which
possesses many health-care functions. According to The
Great Dictionary of Traditional Chinese Medicine, A. pernyi
is the matured insect of silkworm. The major components
of male zooid are proteins and more than 20 kinds of free
amino acids, cytochrome C[1], with the actions of tonifying
the liver and invigorating the kidney, strengthening Yang Qi
and astringing essence[2]. So male zooid is mainly employed
to treat impotence, seminal emission, and stranguria with
hematuria. This agent is made from unmated male zooid
of A. pernyi. The effective components are extracted from
its combined lixivium of edible level, then isolated, purified,
and concentrated with advanced cryogenic techniques. The
qualitative and quantitative analyses are tested by thin-layer
chromatography. We undertook this animal experiment to
study the effects of the concentrated liquor on cellular,
humoral, and monocyte-phagocytic immune functions in
mice.
MA
TERIALS AND METHODS
MATERIALS
Experimental materials
Raw materials from male zooid of A. pernyi were provided
by the Silkworm Research Institute of Shandong Agriculture
Science Academy, purified and concentrated in our
laboratory[3].
The whole blood of Guinea pig was sampled and
centrifuged. The concentrated RBCs of mice were added
to 5 mL of extracted Guinea pig serum and stored at 4
for 30 min before use, then centrifuged at 1 500 r/min for
15 min. Preclusion of unspecific hemolysis caused by
complement was eliminated by extraction of supernatant.
The processed serum diluted in normal saline at 1:10 served
as the experimental complement.
Effects of concentrated liquor from male zooid of Antheraea
pernyi on cellular immune function of mice
Forty Kunming mice (6-8 wk) weighing 18-20 g were
randomized into three tested groups (high-, medium-,
and low-dosage group), and treated with 16.53, 2.62, and
0.564 mg/kg of concentrated liquor from male zooid of
A. pernyi respectively. During the 15-d process of continuous
oral filling, a dosage of 2% 0.2 mL (1×106/mL) (V/V)
SRBC was injected into the abdominal cavity of each mouse
on the 10th d. Four days later, sizes of the left plantars of
the immunized mice were measured with slide gaud, then
another dosage of 20 µL (1×106/mL) 20 mol/L (V/V)
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SRBC was injected subcutaneously at the measured site of
each mouse. Twenty-four and forty-eight hours after
injection, thickness of the left plantar of each treated mouse
was measured respectively. Each site was measured thrice,
and the average value was used to calculate the FSR. FSR
= thickness of the left plantar before injection-thickness
of the left plantar after injection (mm).
Effects of concentrated liquor from male zooid of Antheraea
pernyi on humoral immune function of mice
Kunming mice (6-8 wk) weighing 18-22 g were randomized
into three testing groups and fed with concentrated liquor
from male zooid of A. pernyi at the dosages of 16.53, 2.62,
and 0.564 mg/kg, respectively. During the 15-d process of
continuous oral filling, a dosage of 0.2 mL (1×106/mL)
20 mol/L (V/V) SRBC was injected into the abdominal
cavity of each mouse on the 10th d. Five days later, whole
blood was sampled from each mouse by eye extraction,
and then the serum was prepared. Hemolysin in serum was
determined as follows: the prepared serum from each mouse
was diluted at 1:50, 1 mL of the diluted serum was added into
a 10-mL test tube, and then 0.5 and 1 mL complement of
10% SRBC was added into the tube. A control tube was
added with normal saline instead of serum. After incubation
for 30 min, the reaction was stopped in ice bath,
at 37
centrifuged at 2 000 r/min for 10 min, the supernatant was
extracted and 3 mL of Du’s reagent was added. At the same
time, 0.25 mL 10% SRBC was added into Du’s reagent to a
final volume of 4 mL and placed at room temperature. The
optical densities of all preparations were tested by type-722
spectrophotometer in 1-cm color matching cups, the optical
density of the control test tube was defined as zero value. The
semi-hemolytic value (HC50) was calculated as: HC50 = the
optical density value of each sample tube/the optical density
value of SRBC at semi-hemolysis×dilution multiples.
Effects of concentrated liquor from male zooid of Antheraea
pernyi on monocyte-phagocytic function of mice
Kunming mice (6-8 wk) weighing 18-22 g were randomized
into three tested groups and fed with concentrated liquor
from male zooid of A. pernyi for 15 d at the same dosages
as the above. After the last dosage was given, charcoal particle
clearance test was performed. The detailed procedure was
as follows: Each mouse was injected with diluted Chinese
ink through its tail vein, 20 µL whole blood was sampled
from the medial canthus of each mouse at the 2 nd and
10th min respectively, distilled water was added to a final
volume of 2 mL, and the A value at 600 nm was determined.
Then, the mice were killed by dearticulation, the liver, and
spleen were removed and weighed. The monocytephagocytic exponent K was calculated as K = (lgA2-lgA10)/
(t2-t1), and the emendated monocyte-phagocytic exponent
α as α = body weight/(liver weight+spleen weight)×K1/3.
The A2 and A10 were the values at the 2nd and 10th min
respectively, t1 and t2 represented the sampling time (both
representing the ability of monocyte-phagocytic system to
clear colloid charcoal particles in mice).
Statistical analysis
Variance analysis was performed with the statistical software
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SPSS (version 10.0). The data were expressed as mean±SD,
P<0.05 was considered statistically significant.

RESUL
TS
RESULTS
Effects of concentrated liquor from male zooid of Antheraea
pernyi on cellular immune function of mice
Twenty-four and forty-eight hours after immunization with
SRBC, the FSR values of the three tested groups improved
significantly compared to the control group by variance
analysis (Table 1), indicating that the cellular immune function
of mice could be improved obviously by concentrated liquor
from male zooid of A. pernyi.

Table 1 Effects of concentrated liquor from male zooid of A. pernyi
on cellular immune function of mice (mean±SD)
Group

Dosage (mg/kg)

FSR (mm)

Animal (n)

24 h

48 h
b

Control

dH2O

10

0.66±0.25

Low-dosage

0.564

10

1.22±0.28

0.20±0.16d
0.61±0.26

<0.01

<0.01
0.61±0.19

Medium-dosage

2.62

10

1.24±0.23
<0.01

<0.01

High-dosage

16.53

9

1.45±0.25

0.66±0.26

<0.01

<0.01

b

P<0.01, FSR (mm) of control group vs that of high-, medium- and low-dosage
groups at 24 h respectively. dP<0.01, FSR (mm) of control group vs that of high-,
medium- and low-dosage groups at 48 h respectively.

Effects of concentrated liquor from male zooid of Antheraea
pernyi on humoral immune function of mice
As shown in Table 2, the HC50 values representing the humoral
immune function of mice showed a significant difference
between the high dosage group and the control group by
variance analysis (F = 7.965, P<0.01). The same results were
also observed between the high-dosage group and the other
two tested groups (P<0.01). The concentrated liquor from
male zooid of A. pernyi had certain positive effect on the
humoral immune function of mice.

Table 2 Effects of concentrated liquor from male zooid of A. pernyi
on humoral immune function of mice (mean±SD)
Group

Dosage (mg/kg)

Animal (n)

HC50

Control

dH2O

7

42.2±18.2b

Low-dosage

0.564

8

46.4±23.01b

Medium-dosage

2.62

8

40.13±15.16b

High-dosage

16.53

8

91.16±37.6
<0.01b,d

b
P<0.01, high-dosage group vs control group. dP<0.01, high-dosage group vs
low- and medium-dosage groups respectively.

Effects of concentrated liquor from male zooid of Antheraea
pernyi on monocyte-phagocytic function of mice
The monocyte-phagocytic exponent K and emendated
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Table 3 Effects of concentrated liquor from male zooid of A. pernyi on monocyte-phagocytic function of mice (mean±SD)
Group
Control
Low-dosage
Medium-dosage
High-dosage

Dosage (mg/kg)

Animal (n)

α

K
a

dH2O

10

0.0514±0.0122

6.249±0.772c

0.56

10

0.0527±0.0157

6.304±0.967

P>0.05

P>0.05
6.354±0.761

2.62

10

0.0517±0.0104
P>0.05

P>0.05

16.53

10

0.0570±0.0111

6.438±0.690

P>0.05

P>0.05

P>0.05, K value, high-, medium-, and low-dosage groups vs control group respectively. P>0.05, α value, high-, medium-, and low-dosage groups vs control group
respectively.
a

monocyte-phagocytic exponent α (both representing the
ability of monocyte-phagocytic system to clear colloid
charcoal particles in mice) are shown in Table 3. Both
exponent K and emendated exponent α displayed a rising
tendency, but no significant differences were observed
among the groups by variance analysis (P>0.05).

DISCUSSION
The male zooid is an animal material medicine in China, whose
functions are well documented in Compendium of Materia
Medica as follows[4]: invigorating essential Qi, strengthening
vagina, untiring of sexual intercourse, and arresting essence.
In Ri Hua Zi Ben Cao (Ri Hua Zi Materia Medica), it is
documented to have the following actions: strengthening
sexual function, checking spermatorrhea and stranguria with
hematuria, warming kidney, extinguishing sore and scar,
indications: wound from metal instrument injury, acute catarrhal
and allergic conjunctivitis, and frostbite, heat-induced sore.
Thus, male zooid can tonify the liver and invigorate the kidney,
consolidate essence and strengthen Yang, check bleeding
and promote muscle growth. The male zooid of A. pernyi
contains many active substances, such as brain hormone,
pro-thymosin, hormone of A. pernyi, diuretics, which can
adjust metabolism and restore immune functions[5-10].
Hu et al.[11], using the fruit fly (Drosophila melanogaster) as
a longevity model, examined the effect of hu-bao (HB)
and seng-bao (SB), two marketed health products made
from a mixture of natural ingredients, and found that the
effect of HB and SB are specific for the male fly. The lifespan of the male significantly increased when HB or SB
was added to the culture medium. When the male silkworm
moth ingredient was removed from HB or SB, the lifespan prolongation effect of HB and SB drastically diminished,
suggesting that the male silkworm moth is a key ingredient
in combination with other components for specific prolongation
of the life-span of male flies. The immune system in the
Chinese oak silk moth, A. pernyi, originated from a single
ancestral gene with that of the Cecropia moth whose
antibacterial activity has been tested against nine different
bacterial species[12]. Zhang et al.[13], reported that the cecropins
from Chinese oak silkworm A. pernyi possess effective antitumor activity with no cytotoxicity against normal eukaryotic
cells, and impede the neoplastic process in murine large
intestines.
T cells play a role in immune response, killing tumor
cells and suppressing tumor growth. Due to the actions of

c

estrogen, paracrine of tumor, negative nitrogen balance,
the immune functions of patients can be suppressed and
lead to immune escape, proliferation, and metastasis of
tumor cells[14]. Th1 and Th2 are two subgroups of CD4+Th
cells. Most tumor tissues can secret functional cytokine of
Th2, causing the shift from Th1 to Th2 and immune
suppression. Thus, promoting shift from Th2 to Th1 may
be a method of tumor immunotherapy. The androgen-like
action of male zooid can antagonize the immuno-suppression
of high-level E2, promote high-expression of IL-18, induce
production of IFN-γ, IL-2, IL-12, IL-18, and GM-CSF by
monocytes, enhance cytotoxicity of NK and Th1 cells,
accelerate proliferation of T cells and induce differentiation
of Th1 cells[15]. Amino acids in male zooid can adjust negative
nitrogen balance and restore immune functions. Peptides
in male zooid can also improve immune functions, enhance
T cell activity by killing tumor cells[16].
In general, the concentrated liquor from male zooid of
A. pernyi can enhance non-specific immunity and CTLmediated specific immunity, and has therapeutic functions
in tumor therapy and adjuvant therapy.
Our study showed that the concentrated liquor from
male zooid of A. pernyi could suppress tumor growth and
improve immune function in mice. For immune modulation,
it was observed in animal experiments that it could enhance
cellular immunity significantly in all the three tested groups.
In the high dosage group, the humoral immunity also
obviously improved. A rising tendency was shown without
significant difference.
In conclusion, the concentrated liquor from male zooid
of A. pernyi is a potential anti-tumor agent by strengthening
anti-pathogenic Qi. Further researches should be performed
on its immuno-modulating effects on pancreatic and liver
cancer.
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Abstract
AIM: To summarize the operative experiences for giant
leiomyoma of esophagus.
METHODS: Eight cases of giant esophageal leiomyoma
(GEL) whose tumors were bigger than 10 cm were treated
surgically in our department from June 1980 to March 2004.
All of these cases received barium swallow roentgenography
and esophagoscopy. Leiomyoma located in upper thirds
of the esophagus in one case, middle thirds of the
esophagus in five cases, lower thirds of the esophagus
in two cases. Resection of tumors was performed
successfully in all of these cases. Operative methods
included transthoracic extramucosal enucleation and
buttressing the muscular defect with pedicled great
omental flap (one case), esophagectomy and esophagogastrostomy above the arch of aorta (three cases), total
esophagectomy and esophageal replacement with colon
(four cases). Histological examination confirmed that all
of these cases were leiomyoma.
RESULTS: All of the eight patients recovered approvingly
with no mortality and resumed normal diet after
operation. Vomiting during meals occurred in one patient
with esophagogastrostomy, and remained 1 mo. Reflux
esophagitis occurred in one patient with esophagogastrostomy and was alleviated with medication. Thoracic
colon syndrome (TCS) occurred in one patient with colon
replacement at 15 mo postoperatively. No recurrence
occurred in follow-up from 6 mo to 8 years.
CONCLUSION: Surgical treatment for GEL is both safe
and effective. The choices of operative methods mainly
depend on the location and range of lesions. We prefer
to treat GEL via esophagectomy combined with esophagogastrostomy or esophagus replacement with colon. The
long-time quality of life is better in the latter.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Leiomyoma is the most common benign tumor found in
the esophagus but it is, however, a rare neoplasm. It is found
mainly in the lower and middle thirds of the esophagus
and, in most cases are single lesions[1]. Leiomyoma can occur
at any age but 90% of cases occur in patients between the
ages of 20 and 69 years, with peak incidence in the third to
fifth decades[2]. The male-to-female ratio is approximately
2:1. About half the patients with leiomyoma are asymptomatic
and malignant change is rare. Transthoracic extramucosal
enucleation is a safe and effective procedure for about 96%
of esophageal leiomyoma[3]. However, few of esophageal
leiomyoma becomes giant-sized gradually (diameter of
tumor larger than 10 cm) and show the symptoms caused
by compression of tumor, obstruction of esophagus or
dysfunction of cardia. The surgical treatment strategy of
such GEL is not the same of common esophageal
leiomyoma, especially when mucosa is damaged by
leiomyoma or lesions have potential sarcomatous change.
This report summarized the operative experience of GEL
in our department.
MA
TERIALS AND METHODS
MATERIALS
Materials
Between June 1980 and March 2004, there were 8 cases
of GEL whose tumors were larger than 10 cm that
underwent surgical treatment in our department. These
patients comprised five males and three females, whose
age ranged from 25 to 58 years (mean age, 42.5 years).
Duration of symptoms was from 5 to 12 years. All of the
eight patients had dysphagia and complained of retrosternal
pain and backache in five cases, superior belly distention
in five cases, weight loss in four cases, heartburn in three
cases, cough in two cases, took normal diet in two cases,
semi-liquid diet in four cases, liquid diet in two cases. All
of the eight patients received barium swallow roentgenography
and esophagoscopy. CT scan was performed in five cases,
MRI in three cases, endoscopic ultrasonography (EUS) in
one case. Leiomyoma located in upper thirds of the esophagus
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in one case, middle thirds of the esophagus in five cases,
lower thirds of the esophagus in two cases. The shapes of
tumors were multinode-like in four cases, spiral-like in three
cases, horseshoe-like in one case.
Methods
All patients received operation under general anesthesia.
One patient underwent extramucosal enucleation of tumor
and buttressing of the muscular defect with pedicled greater
omental flap. In this case, the tumor located in lower thirds
of the esophagus (Figure 1). Left posterolateral thoracotomy
was performed through the sixth intercostal space. After
removing the tumor, the muscular defect was found too
large to allow a tension-free suture. Through a radial incision
near esophageal hiatus, we made the great omentum into a
pedicle flap (26 cm×9 cm) and pulled it up into thoracic
cavity to cover the muscular defect. Three patients accepted
esophagectomy and esophagogastrostomy above the arch
of aorta through left posterolateral thoracotomy.
Nasogastric tube and plasmatic canal were placed to aid in
drainage and nutrition. Another four patients underwent
total esophagectomy and esophageal replacement with colon.
In these cases, patients were laid in supine position at the
beginning. Esophageal interposition was performed with left
colon (isoperistaltic, retrosternal) through left cervical
abdominal incision. Then the patient’s position was changed
to full left lateral decubitus. Tumor and total esophagus
were resected through right posterolateral thoracotomy. A
feeding jejunostomy was used in these four patients, and
enteral feeding was begun after 24 h with 5% dextrose in
water and continued with an elemental diet after 48 h. The
minimum size of tumor was 10 cm×10 cm×6 cm, the
maximum was 20 cm×15 cm×15 cm. Histological
examination confirmed that all of these were leiomyoma.

Figure 1 A 42-year-old male with giant esophageal leiomyoma. MRI image
shows the tumor located in lower thirds of the esophagus. The size of tumor is
10 cm×10 cm×6 cm.

RESUL
TS
RESULTS
All of the eight patients recovered approvingly with no
mortality and resumed nor mal diet after operation.
Postoperative complications included leakage of cervical
esophageal stoma (one case), pulmonary atelectasis (one
case), thoracic infection (one case), chylothorax (one case).
They all healed with conservative interventions and drainage.
Patients were followed up from 6 mo to 8 years. Vomiting
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after meals occurred in one patient with esophagogastrostomy,
and remained for 1 mo. Vomiting after meals was not seen
in patients with colonic interposition. Reflux esophagitis
occurred in one patient with esophagogastrostomy and was
alleviated with medication. Thoracic colon syndrome (TCS)
occurred in one patient with colon replacement at 15 mo
postoperatively, and recovered with re-operation. No
recurrence occurred.

DISCUSSION
Leiomyoma is the most common benign tumor found in
the esophagus but is nonetheless rare. Of all esophageal
tumors, benign tumors account for fewer than 10%, of
which 4% are leiomyomas[4]. These tumors are usually found
in middle age and are almost twice as common in men.
They are located mainly in the lower and middle thirds of
the esophagus. Leiomyoma may undergo cystic degeneration,
calcification occurs infrequently and malignant change is
rare[5]. Leiomyoma is a slow growing tumor and the size of
the lesion may not change for many years. Approximately
one-half of all tumors are smaller than 5 cm, but 5% may
be larger than 10 cm. Giant leiomyoma involving the entire
esophagus and weighing up to 5 kg have been reported[6].
Giant leiomyoma of esophagus should be removed when
diagnosed, but its operative method is not the same of
common leiomyoma.
Since most leiomyomas are intramural, eccentric, and
well encapsulated, they can be easily shelled out (enucleated)
without resorting to esophageal resection. One concern after
enucleation of a large leiomyoma is that the myotomy may
result functionally in achalasia. It is generally accepted
that tumors up to 8 cm can be safely enucleated without
significant postoperative dysphagia as long as the mucosa is
intact and the myotomy is reapproximated[3,7]. Larger lesions
can be removed via enucleation but often result in the
muscular defects too large to allow a tension-free suture,
requiring a tissue flap to prevent mucosal bulging. We
resected a 10 cm×10 cm×6 cm esophageal leiomyoma
successfully with extramucosal enucleation and buttressing
the muscular defect with pedicled greater omental flap. No
postoperative dysphagia occurred during follow-up.
The greater omentum (GO) square is large and allows
the covering of various tissue defects. The pedicled
GO flap has the advantages of its own blood supply and
anti-inflammatory effect[14]. Using the GO to fill or buttress
tissular defect is not novel in thoracic surgery[14]. Angiography
shows many types of vascular supply for the GO. Therefore,
the GO flap exsection technique is very important. The
flap transposition through the diaphragm is not difficult.
The opening should not be very wide for good great
omentum tissue adhesion and too narrow to prevent
compression of the vessels.
Majority of GEL may require esophageal resection. The
choices of this method depend on several factors: (1) The
esophageal leiomyoma is too large to allow a resection
without damaging the mucosa; (2) Adhesion between
leiomyoma and the esophageal mucosa is tight and extensive;
(3) Unrepairable mucosal defect caused by resection of
tumor; (4) Large leiomyomas locate in the distal esophagus
and extend downward across the cardia; (5) Leiomyosarcoma
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is suspected. Resection for GEL is typically performed with
esophagectomy and gastric pull-up through left posterolateral
thoracotomy. In our experience, blood supply of the GEL
was abundant, especially at the region posterior to the arch
of aorta and upper part of the diaphragm. Careful dissection
and hemostasia was necessary. Be cautious not to damage
thoracic duct. For this purpose, transfixing the trunk of
thoracic duct above the diaphragm between descending aorta
and azygos vein was helpful. Gastric pull-up has some
postoperative morbidity including reflux esophagitis, stricture
formation, dumping, diarrhea, reduced meal capacity, and
weight loss[8]. Many of these complications are thought to
be caused by division of the vagal nerves and the subsequent
loss of parasympathetic innervation to the foregut[9].
The rationale for use of the colon is that there will be
fewer complications related to acid reflux than when the
stomach is used for esophageal replacement. If the GEL is
located in the upper thirds of the esophagus and the mucosa
is damaged by GEL, esophageal replacement with colon
(ERC) might be the best choice in this situation. Our
techniques of ERC are different to others. The retrosternal
colon replacement is performed through left cervical
abdominal approaches in supine position at first, and then
resects tumor and total esophagus through right posterolateral
thoracotomy in full left lateral decubitus. We prefer this
approach to synchronous abdominoth-oracocervical incision,
for the former has allowed better exposure.
Several factors are important to decrease the mortality
and postoperative complications of ERC: (1) Choosing
suitable colonic segment and ensuring an adequate arterial
supply. Before cutting the mesocolon, we usually clamp the
communicating branches for 3~5 min in order to ensure
that blood supply is enough; (2) Adopting isoperistaltic
interposition. Studies show that isoperistaltic interposition
is superior to antiperistaltic interposition and the long-time
quality of life is better in the former[10,13]; (3) Single-layer
esophagocolonic anastomosis. Our studies show that
single-layer anastomosis can reduce the morbidity of fistula
and stricture [11]; (4) Choosing colonic pull-up approach
properly. The upward approach of colonic segment is
decided by the condition of individual patient and the
experience of the surgeon; (5) Avoiding redundancy of the
colonic segment. Colon redundancy can be due to technical
error at the time of operation (i.e., leaving redundancy in
the interposition graft), intrathoracic herniation of colon,
or differential colon growth. Proper attention to the length
of the colon segment is important to prevent intrathoracic
redundancy[16]. Yildirim et al.[17], suggest that the colon is
one of the best substitutes for the esophagus, and there is
no need to perform a routine pyloroplasty or antireflux
procedure as an adjunct to the primary surgery. Our patients
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healed satisfactorily and the long-time quality of life was
good during follow-up and it was coincident with the
literature[12,13,15].
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Abstract
AIM: To observe the Lamivudine resistance character of
a DHBV strain in vitro and in vivo, and to analyze if the
Lamivudine resistance character is caused by gene
mutation or by abnormity of the Lamivudine metabolism.
METHODS: Congenitally DHBV-negative Guangdong
brown ducks and duck embryo liver cells were respectively
taken as animal and cell model. The Lamivudine-susceptive
DHBV and Lamivudine-resistant DHBV (LRDHBV) were
infected and Lamivudine was administrated according to
the divided groups. The changes of DHBV quantity in the
animal and cell model were tested. Three Lamivudineresistant and two Lamivudine-susceptive DHBV complete
genomes were successfully amplified, sequenced and then
submitted to GenBank. All the DHBV complete sequences in
the GenBank at present were taken to align with the three
LRDHBV to analyze the mutational points related to the
Lamivudine-resistant mutation.
RESULTS: Both the animal and cell model showed that
the large and the small dosage Lamivudine have no
significant inhibitory effect on the LRDHBV. Five sequences
of DHBV complete genomes were successfully cloned. The
GenBank accession numbers of the three sequences of
LRDHBV are AY521226, AY521227, and AY433937. The
two strains of Lamivudine-susceptive DHBV are AY392760
and AY536371. The correlated mutational points are
KorR86Q and AorE591T in the P protein.
CONCLUSION: The Lamivudine resistance character of
this DHBV strain is caused by genome mutation; the related
mutational points are KorR86Q and AorE591T and have
no relations with the YMDD motif mutation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
More than 400 million people worldwide are chronically
infected by HBV[1]. HBV infections, the 10th leading cause
of death worldwide, result in 500 000 to 1.2 million deaths
per year caused by chronic hepatitis, cirrhosis, and hepatocellular
carcinoma[2]. Lamivudine had been considered to be a great
progress in the area of anti-virus drug. It can make the
blood HBV DNA of more than 90% of patients changed
to negative when administrated for 1 year by 100 mg/d[3,4].
But it can also lead to YMDD mutant and cause Lamivudine
resistance. YMDD mutations developed in 12.1%, 49.7%
and 70.5% of the patients respectively at year 1, 2, and 3[5]. So
the searching of Lamivudine-resistant problem is very
important. It is believed consistently that the cause of Lamivudine
resistance is HBV gene mutation. The main mutant motif
is the YMDD in the P protein of HBV[6-8]. But there are no
animal and cell models of Lamivudine-resistant HBV which
can be conveniently used, which cause very little progress
that has been the problem of Lamivudine-resistant HBV.
After the finding of the DHBV by Summers et al.[9,10], the
process of replication and genome sequence of DHBV had
been discovered rapidly. These facilitated the understanding
of the related aspects of HBV. Because of the similarity of
the DHBV and HBV in the replicating manner and pathogenesis,
the duck hepatitis B model had been used as animal model
of anti-HBV drug screening and HBV pathogenesis searching.
When we persistently used the congenitally infected duck
as animal model to screen anti-HBV drug, one congenitally
infected duck had been found to have the character of
Lamivudine resistance. We named it Lamivudine-resistant
duck (LRD). The LRD-infected virus was named as
Lamivudine-resistant DHBV (LRDHBV). We proved the
character of Lamivudine resistance of LRDHBV in embryo
duck liver cell model and postnatally infected duck model.
Then the complete genome of LRDHBV and Lamivudinesusceptive DHBV were cloned and sequenced. The
LRDHBV-related mutant points were analyzed.
MA
TERIALS AND METHODS
MATERIALS
Animals
One-day-old Guangdong brown ducks were obtained from
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a duck factory on the Shi-Jing town of Guangzhou city.
Congenitally DHBV-negative ducks were chosen by dot blot
assay to be experimental animals. The ducks were fed a
standard duck diet and water according to the guidelines
approved by the China Association of Laboratory Animal
Care.
Primary hepatocytes
Guangdong brown duck eggs were purchased from a
commercial supplier. The eggs were incubated for 20 d in
and 50-60% humidity. The
the environment of 37.6
eggs were opened and were proved to be congenitally DHBV
negative using PCR method. The duck embryo liver was
plucked out and digested with 0.2% collagenase (type II,
Gibco) in 3 mL of serum-free William E medium (Sigma)
supplemented with 2 mol/L L-glutamine, 15 mol/L HEPES
(N-2- hydroxyethylpiperazine-N’-2- ethane -sulfonic acid [pH
7.2]), 100 U of penicillin per mL, 100 µg of streptomycin,
10-5 mol/L hydrocortisone, 1 µg of insulin per mL, and 1.5%
dimethyl sulfoxide (all from Sigma, Germany) for 30 min
at 37 . After washing twice with 5 mL of medium, the
cells from one liver were suspended in 20-24 mL of medium,
seeded onto 10–12 tissue culture dishes (60-mm diameter;
2 mL per dish, the density is 5×105 cells per well), and
and 50 mL/L CO2. The medium was
cultivated at 37
first changed 30 min after seeding, and further medium
changes were done daily. Cellular toxicity was tested daily by
light microscope examination and MTT assay of Mosmann[11]
as described by Alley et al.[12].
Serum and DHBV infection
Lamivudine-susceptive DHBV serum was from congenitally
infected ducks that had been proved to be DHBV positive
by dot blot method. LRDHBV serum was from LRD at
the time point of 10-d Lamivudine administration. In the
animal model, 0.2 mL of Lamivudine-susceptive DHBV
or LRDHBV was injected to the shank vein of every duck
that were 2 d old. The primary hepatocytes were infected
between 24 and 48 h after seeding by adding 50 µL
Lamivudine-susceptive DHBV or LRDHBV per dish
directly to the medium. After 3-h incubation at 37 ,
the inoculum was removed, and 2 mL of fresh medium
was added.
Groups and dot blot assay
Twelve ducks infected with Lamivudine-susceptive DHBV
and 18 ducks infected with LRDHBV were chosen and
randomly divided into five groups. Group A were infected
with Lamivudine-susceptive DHBV; group B were infected
with LRDHBV; group C were infected with LRDHBV and
fed with large dosage Lamivudine (100 mg/kg, b.i.d.); group
D were infected with LRDHBV and fed with small dosage
Lamivudine (20 mg/kg, b.i.d.); group E were infected with
Lamivudine-susceptive DHBV and fed with small dosage
Lamivudine (20 mg/kg, b.i.d.). The serum samples were
collected at time points of 1 d before drug administration (D0),
5th d of drug administration (D5), 10th d of drug administration
(D10) and 3rd d post stopping of drug administration (P3).
The primary hepatocytes were also divided into five groups
similar to the animal experiment. The hepatocytes were also
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treated with two concentrations of Lamivudine (100 and
1 000 µmol/L) starting from 3 d after virus inoculation.
The hepatocytes were collected and DNA was extracted at
the time points of 3, 6, 9, and 12 d after virus inoculation
respectively. Forty microliters of serum or twenty-five
microliters of hepatocytes DHBVDNA extraction dissolution
was spotted, and DHBVDNA was detected with a full-length
DHBV genomic DNA probe labeled with [α-32P] dCTP as
described previously[13]. A quantity analysis was carried out
using enzyme photometer. The limit of detection of serum
viral DNA by this assay is 100 pg/mL.
Amplification of the DHBV complete genome
Three samples of LRDHBV DNA were extracted from
the serum of LRD which was the same as the LRDHBV
serum used to infect the congenitally DHBV-negative ducks
and duck embryo liver cells. Two samples of Lamivudinesusceptive DHBVDNA were extracted from serum of two
ducks that were susceptive to Lamivudine. One pair of
primers was used to test if there was DHBVDNA in the
extraction solutions. The primer sequences[14] are: P1 -5’GCG CTT TCC AAG ATA CTG GAG CCC AA-3’ (sense)
and P2-5’-CTG GAT GGG CCG TCA GCA GGA TTA
TA-3’ (anti-sense). The PCR condition is: 94 30 s, 55
30 s, 72 1 min, 30 cycles. One pair of primers was designed
to amplify the complete genome of DHBV. The primer
sequences are Q1-5’-ACC CCT CTC TCG AAA GCA ATA3’ (sense) and Q2-5’-GTG TAT GTA AGA GCC GTC CAA
TC-3’ (anti-sense). The LAPCR condition is: 94 30 s; 52
1 min; 72
3.5 min, after 30 cycles, another 72
5 min
was supplemented. One percent agarose gel was used to
analyze the LAPCR product.
Cloning and sequencing of DHBV complete genome
The 3.0-kb PCR product was inserted into the pMD18-T
vector using the TAKARA Ligation kit. JM109 competent
cells were made with the method of CaCI2 which was found
by Mandel et al.[15,16]. Three LRDHBV DNA recombinants
and two Lamivudine-susceptive DHBV DNA recombinants
were transformed into the JM109 competent cells. The five
kinds of E coli containing the five kinds of recombinants were
conserved and sent to TAKARA to do bidirectional sequencing.
The sequencing results were analyzed with related software.
Statistical analysis
Results were expressed as mean±SD. Statistical comparisons
between the groups were done using Nemenyi method.
P values less than 0.05 were considered statistically significant.

RESUL
TS
RESULTS
Lamivudine could not inhibit LRDHBV in duck animal model
We first examined if the LRDHBV could be inhibited in
body of the other duck. We injected the LRDHBV-positive
serum to the congenitally DHBV-negative ducks. These
ducks were infected with LRDHBV and treated with
Lamivudine. Lamivudine were used in large and small dosage
groups. The feeding was maintained for 10 d. Serum samples
were collected at four time points from 1 d before administration
to 3rd d post stopping of administration. The DHBV in the
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serum samples were quantified by dot blot assay. After 10 d
of Lamivudine administration, the quantity of Lamivudinesusceptive DHBV in the duck blood markedly got down.
But 3 d after stopping of administration, the quantity of
susceptive DHBV rose up to former level. No significant
effect was observed when the large and small dosage of
Lamivudine was fed to the LRDHBV-infected ducks (Table
1 and Figure 1). So it can be concluded that the LRDHBV
can also show the character of Lamivudine resistance in
the ducks postnatally infected with the LRDHBV.
Table 1 and Figure 1 showed that no significant effect
was observed when the large and small dosage of Lamivudine
was fed to the LRDHBV-infected ducks. While the 10-d
Lamivudine administration could make the Lamivudinesusceptive DHBV markedly get down in the duck model.

the LRDHBV showed Lamivudine-resistant character in
the duck embryo liver cells too. We also tested the cytotoxicity
of Lamivudine to the embryo liver cells. However, no
significant cytotoxicity was detected in liver cells cultured
with different concentrations of Lamivudine for 9 d by daily
microscope examination (Figure 2) and by MTT method.
Lamivudine-susceptive DHBV was inhibited markedly at
the time points of 6th, 9th, and 12th d post DHBV inoculation, while both the small and large dosage Lamivudine have
no significant effect on the LRDHBV in the duck embryo
liver cells.

0.4

D

0.2

E

0.0
d0
d5
d 10
P3
Time points of collecting the serum

Figure 1 A: Lamivudine-susceptive DHBV control group; B: LRDHBV control
group; C: LRDHBV-infected group administrated by large dose Lamivudine
group; D: LRDHBV-infected group administrated by small dose Lamivudine
group; E: Lamivudine-susceptive DHBV-infected group administrated by small
dose Lamivudine group.

Lamivudine could not inhibit LRDHBV in the duck embryo
liver cells
We inoculated the LRDHBV to the primary duck embryo
liver cells and administrated Lamivudine according to the
divided groups to observe if the LRDHBV have the
Lamivudine-resistant character in the liver cells. Lamivudine
administration was started from 3rd d post DHBV inoculation
and maintained for 9 d. The liver cells were collected at
four time points from 3 to 12 d post DHBV inoculation.
The total DHBV in the cells was extracted immediately
after cell collection. The DHBV quantity was tested by dot
blot assay. The results showed that the Lamivudine-susceptive
DHBV got down markedly at the time points of 6th, 9th,
and 12th d post DHBV inoculation, while both the small
and large dosage Lamivudine have no significant effect on
the LRDHBV in the duck embryo liver cells (Figure 3). So

Figure 2 Duck embryo liver cells (5 d after DHBV inoculation, optic microscope
×40). They have no significant effect of Duck embryo liver cells infected with
DHBV or LRDHBV.

Effects of lamivudine to the lamivudine susceptive and resistant
DHBV in duck embryo liver cell culture
1.6
A
1.4
B
1.2
C
1.0
D
0.8
0.6
E
0.4
0.2
0.0
A570 nm value

Mean value of A570 nm

The dynamic change of the DHBV quantily in the blood before and
after lamivudine administration
1.2
A
1.0
B
0.8
C
0.6

3
6
9
12 (d)
Time points of duck embryo liver cell total DNA extraction

Figure 3 A: Lamivudine-susceptive DHBV control; B: LRDHBV control; C:
LRDHBV-infected cells administrated by large dosage Lamivudine; D: LRDHBVinfected cells administrated by small dosage Lamivudine; E: Lamivudinesusceptive DHBV-infected cells administrated by small dosage Lamivudine.

DHBV complete genomes were successfully amplified and
cloned
We designed two pairs of primer to amplify the DHBV
complete genome. One was designed according to the method

Table 1 DHBV quantity in the duck blood of various groups expressed by A570 nm value (mean±SD)
Groups
Lamivudine-susceptive DHBV control
LRDHBV control
LRDHBV-infected group administrated by large dose Lamivudine
LRDHBV-infected group administrated by small dose Lamivudine
Lamivudine-susceptive DHBV-infected group administrated by small dose Lamivudine
b

P<0.01 group A vs group E.

D0
0.96±0.31
0.91±0.03
0.96±0.03
0.96±0.02
0.96±0.05

D5
1.00±0.06
0.86±0.01
0.94±0.02
0.88±0.02
0.73±0.05b

D10

P3

0.87±0.05
0.95±0.01
0.97±0.05
0.87±0.01
0.22±0.03b

0.87±0.02
0.95±0.04
0.97±0.03
0.90±0.05
0.69±0.02b
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of Gunther to amplify the HBV complete genome[17]. It
covered the DR1 of DHBV genome. Another pair of primer
covered the DR2 of DHBV genome and LAPCR was used
to amplify. We found that the primer covering the DR1 could
not amplify the DHBV genome after optimizing the LAPCR
condition. However, when we used the primer covering the
DR2, the complete genome of DHBV was easily amplified
(Figure 4). So we amplified three strains of LRDHBV and
two strains of Lamivudine-susceptive DHBV complete
genome. Then we inserted these DHBV complete genomes
into the pMD18-T vector and transformed them to the JM
109 competent cells (Figure 4). Then the E coli that included
the five DHBV complete genomes were sent to the TAKARA
to sequencing. The five complete sequences of DHBV
complete genomes were submitted to the GenBank. Three
strains of LRDHBV are AY521226, AY521227, and AY433937.
Two strains of Lamivudine-susceptive DHBV are AY392760
and AY536371.

1

2

3

4

5

6

7

bp

3 472
2 690

Figure 4 Electrophoresis graph of the amplification of DHBV complete genome
and enzyme cutting of the recombinant. Lanes 1 and 7: λ-EcoT14I digest
marker; lane 2: the LAPCR product of DHBV complete genome; lane 3: the
cloning product of DHBV complete genome; lane 4: EcoRI enzyme cutting
product of DHBV complete genome recombinants; lane 5: loop product of pMD18T vector; lane 6: EcoRI enzyme cutting product of loop product of pMD18-T vector.

Analyze the related mutant points in the LRDHBV genome
Firstly, we compared the complete nucleotide sequences of
the AY521226, AY521227, and AY433937, and the identity
is the same 98%. The identity of the AY392760 and the
AY536371 is also 98%. But comparing the nucleotide sequences
of the LRDHBV (AY521226, AY521227, and AY433937) with
the Lamivudine-susceptive DHBV (AY392760 and AY536371),
the identity in the nucleotide level is the same 92%. So it
seems that there are marked differences between LRDHBV
and the Lamivudine-susceptive DHBV in nucleotide level.
As the HBV or DHBV P protein is the target of Lamivudine,
we turned to the P protein sequences of these DHBV. We
initially aligned the P protein sequences of AY521226,
AY521227, AY433937 with AY392760, AY536371. There
were too many mutant points to analyze which points were
related to the Lamivudine-resistant character. As the identities
of AY392760 and AY433937 is only 88%, alignment should
be done in a wider range. We downloaded all the DHBV
protein sequences and aligned with the three Lamivudineresistant sequences AY521226, AY521227, and AY433937.
We found that there were two mutational points in the P
protein. The two mutational points are KorR86Q and
AorE591T (Figures 5A and B). We have not found any
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significant mutational points in S or C protein sequences.
The KorR86Q is located in the TP (terminal protein) domain,
and the AorE591T is located in the RT (reverse transcriptase)
domain. So we guessed that these two mutational points
were related to the character of Lamivudine resistance.

DISCUSSION
We referred to Gunther’s method[17] when we designed the
primers of amplifying the DHBV complete genome. This
method noted that only the primers cover the DR1 sequence
of HBV, the HBV genome can be wholly amplified. We
first used one pair of primers that cover the DR1 of DHBV
to amplify DHBV complete genome. Though all kinds of
methods of optimizing the PCR condition were tested, the
DHBV complete genome could not be amplified. So we
guessed that the DR2 of DHBV sequence is also an important
obstacle of amplifying the DHBV complete genome. In
our experience, it is very hard to get the target products
when the primers are located at both sides of the DR2.
Additionally, the DR2 is located at the terminal of DHBVpositive strand. There is nick part followed by DR2 in the
positive strand of DHBV. So we designed one pair of
primers to cover the DR2 to amplify the whole DHBV
genome. To our surprise, the complete genomes of DHBV
were easily amplified. This phenomenon may be because
the genome structure of DHBV is different to the HBV.
If Lamivudine-resistant character of LRDHBV was
caused by unusual metabolism of Lamivudine in the duck
body and did not correlate with virus genome mutation, it
should not have the Lamivudine-resistant character in duck
embryo liver cells and other ducks infected with the
LRDHBV. Our results showed that the LRDHBV resistant
to the Lamivudine appeared both in duck embryo liver cells
and in duck body. So we concluded that the Lamivudineresistant character is caused by DHBV mutation.
To our present knowledge, most of the Lamivudineresistant phenomena of HBV are related to the YMDD
motif mutation[6-8,18]. Similar to HBV, mutagenesis in vitro
in the YMDD motif of DHBV can also cause Lamivudine
resistance[19]. So we speculate that the mutational points were
also located in the YMDD motif of LRDHBV. But the
sequencing results denied this speculation.
After we obtained the five DHBV complete sequences,
we found that there are no YMDD motif mutations in the
P protein sequences of the three LRDHBV sequences.
Then we aligned the P protein sequences of three LRDHBV
with the two Lamivudine-susceptive DHBV P protein
sequences. There were too many different points to analyze
the mutational points related to the character of Lamivudine
resistance. So we planned to align these three LRDHBV P
protein sequences with more DHBV P protein sequences.
There should be a prerequisite that the DHBV P protein
sequences aligned with the three LRDHBV P protein
sequences come from the DHBV which are susceptive to
Lamivudine. Because it was never reported that there was
a naturally occurred LRDHBV and we found only one strain
of DHBV that have the Lamivudine-resistant character in
so many years of laboratory work, we believed that the
LRDHBV that occurred naturally is very few. So we
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VRAPLSHVVRAATIDLPRLGNKLPA
RHHLGKLSGLYQMKGCTFNPEWKVPDISDTHFKSE
VRAPLSHVVRAATIDLPRLGNKLPA
RHHLGKLSGLYQMKGCTFNPEWKVPDISDTHFKSE
VRAPLSHVVRAATIDLPRLGNRLPA
QHHLGKLSGLYQMKGCSFNPVWKVPDISDTHFDLQ
VRAPLSHVVRAATIDLPRLGNRLPA
QHHMGKLSGLYQMKGCSFNPEWKVPDISDTHFDLQ
VRAPLSHVVRAATIDLPRLGNRLPA
QHHMGKLSGLYQMKGCSFNPEWKVPDISDTHFDLQ
VRAPLSHVVRAATIDLPRLGNKLPA
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VRAPLSHVVRAATVDLPRLGNRLPA
RHHLGKLSGLYQMKGCTFNPEWKVPDISDTHFDMQ
VRAPLSHVVRAATEDLPRLGNKLPA
RHHLGKLSGLYQMKGCTFNPDWKVPDISDTHFDMQ
VRAPLSRVVRAATEDLPRLGNRLPA
RHHLGKLSGLYQMKGCTFNPEWKVPDISDTHFDMQ

Figure 5 A: KorR86Q mutant point in the P protein of the LRDHBV; B: AorE591T
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mutant point in the P protein of the LRDHBV.
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presumed that the DHBV sequences in the GenBank up to
now come from DHBV that are susceptive to Lamivudine.
So we downloaded all the DHBV sequences in the GenBank
and aligned the P protein sequences of these DHBV. The
results showed that there were two mutational points that
occurred in the P protein sequences of LRDHBV. It is
KorR86Q in the TP domain and AorE591T in the RT
domain. The TP domain of DHBV P protein mainly acts
as a primer to originate the synthesis of DHBV-negative
strand[20]. But it is the tyrosine residue in 96aa of TP domain
that primed the reverse transcription of negative strand[21,22].
AorE591T is located in the lower reaches of YMDD motif.
So the roles of KorR86Q and AorE591T in the Lamivudineresistant phenomenon need deeper research.
For both hepadnaviruses and HIV, the mechanism of
action of Lamivudine requires phosphorylation to 3TC-5’triphosphate (3TC-TP), which in turn specifically inhibits
the viral polymerase[23-26]. The specificity is conferred by the
much lower affinity of 3TC-TP for the cellular α- and βpolymerase[25,27]. The mechanism of inhibition of hepadnavirus
involves inhibition of the viral polymerase[26,28,29]. Acting as
a chain terminator for the DNA polymerase activities, the
Lamivudine inhibit the reverse transcriptase in a manner
that resemble competitive inhibition with respect to dCTP[30].
The side groups of isoleucine and valine of the YMDD
mutants sterically prevent Lamivudine from appropriately
configuring into the nucleotide binding site of the reverse
transcriptase[31]. This can cause Lamivudine resistance. Can the
KorR86Q and AorE591T mutants also prevent Lamivudine
from appropriately configuring into the nucleotides binding
site of the reverse transcriptase? It needs more research.
A 4-year clinical research showed that YMDD mutants
only could explain the 75% of Lamivudine resistances.
Polymerase gene mutations were observed in 82.5% of
virological breakthroughs but also in 75% of the nonresponders[32]. So the mutations outside the YMDD motif
in the P protein can independently cause DHBV resistant
to Lamivudine is not very strange.
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Abstract
AIM: To identify the distribution of N-acetyltrasferase 2
(NAT2) polymorphism in Hebei Han Chinese and the effects
of the polymorphism on the development of colorectal
cancer.
METHODS: We performed a hospital-based case-control
study of 237 healthy individuals and 83 colorectal cancer
patients of Hebei Han Chinese. DNA was extracted from
peripheral blood and cancer tissues. The genotypes of the
polymorphisms were assessed by PCR-restriction fragment
length polymorphism(RFLP).
RESULTS: There were four NAT2 alleles of WT, M1, M2,
and M3 both in the healthy subjects and in the patients,
and 10 genotypes of WT/WT, WT/M1, WT/M2, WT/M3,
M1/M1, M1/M2, M1/M3, M2/M2, M2/M3, M3/M3. M2 allele
was present in 15.61% of healthy subjects and 29.52%
of patients (χ2 = 15.31, P<0.0001), and M3 allele was
present in 30.59% of healthy subjects and 16.87% of
patients (χ2 = 25.33, P<0.0001). There were more WT/M2
(χ2 = 34.42, P<0.0001, odd ratio = 4.99, 95%CI = 2.27-9.38)
and less WT/M3 (χ2 = 3.80, P = 0.03) in the patients than
in the healthy subjects. In 70.3% of the patients, there
was a difference in NAT2 genotype between their tumors
and blood cells. Patients had more WT/M2 (χ2 = 5.11,
P = 0.02) and less M2/M3 (χ2 = 4.27, P = 0.039) in their
blood cells than in the tumors. Furthermore, 53.8% (7/13)
of M2/M3 in tumors were from WT/M2 of blood cells.
CONCLUSION: There is a possible relationship between
the NAT2 polymorphisms and colorectal cancer in Hebei
Han Chinese. The genotype WT/M2 may be a risk factor
for colorectal cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal cancer is one of the common tumors in Hebei
Province of China. N-acetyltransferase 2 (NAT2) is polymorphic
and catalyzes both N-acetylation (usually deactivation) and
O-acetylation (usually activation) of a variety of heterocyclic
amine drugs and carcinogens[1]. Heterocyclic amines which
are found mainly in well-cooked meat, require metabolic
activation to function as mutagens and animal carcinogens.
Enzymes such as cytochrome P4501A2 (CYP1A2) and
NAT2 perform this task. Genetic studies in humans have
shown that individuals may be classified as rapid or slow
acetylators according to the rates at which drugs are acetylated
by NAT2[2]. NAT2 polymorphism is a representative genetic
trait of individual’s susceptibility to several cancers [3] .
Epidemiological studies suggest that the NAT2 acetylation
polymorphisms modify the risk of developing carcinoma
of urinary bladder, colorectal and breast cancer, head and
neck cancer, pulmonary and prostatic cancer. Associations
between slow NAT2 acetylator genotypes and urinary
bladder cancer as well as between rapid NAT2 acetylator
genotypes and colorectal cancer are the most consistently
reported[3]. However, whether there is a true association
between colorectal cancer and NAT2 polymorphism is
controversial. Human epidemiological studies suggest that
rapid acetylator phenotypes may be associated with higher
incidences of colorectal cancer in American populations[4].
Researchers in UK[5] found that no significant differences
in NAT2 allelic frequencies (WT, M1, M2, M3 alleles) or
genotypes are observed between colorectal cancer patients
and the healthy population. Ethnic differences exist in NAT2
genotype frequencies that may be a factor in cancer incidence,
emphasizing the need to investigate the distribution
frequency of NAT2 genotypes and the association of their
polymorphism with colorectal cancer in Hebei Han Chinese
population.
We identified the distribution of NAT2 polymorphisms
in Chinese healthy individuals and colorectal cancer patients
from Hebei Province. We also performed a case-control study
to investigate whether the NAT2 genetic polymorphism was
a risk factor for colorectal cancer in these Chinese population.
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Statistical analysis
Statistical analysis was performed with SAS 6.0 for Windows.
Hardy-Weinberg equilibrium test was carried out using
statistical software for linkage analysis. χ2 and Fisher’s exact
test were used for comparisons of frequencies. Associations
were expressed as odd ratios (OR) with 95% confidence
interval (95%CI). P<0.05 was considered statistically
significant.

MA
TERIALS AND METHODS
MATERIALS
Subjects
We conducted a case-control study of colorectal cancer
patients between April 2001 and April 2003. Both patients
and controls were Hebei Han Chinese. Eighty-three patients
(46 males, 37 females) with histopathologically confirmed
diagnosis of colorectal cancer, were recruited from the
Department of Surgery at Hebei No. 4 Hospital. Their mean
age was 47.5 years (ranging 25-77 years). The control group
consisted of 237 (124 males, 113 females) healthy individuals
selected from the blood donors in Hebei Province Blood
Center. Their average age was 42.6 years (ranging 20-80 years).

RESUL
TS
RESULTS
Polymorphism of NAT2 gene in Hebei Han Chinese
The results of genotype analysis are shown in Figure 1. In
237 healthy and 83 colorectal cancer patients of Hebei Han
Chinese, there were four kinds of NAT2 alleles including
wild-type gene WT allele and polymorphisms of M1, M2,
and M3 alleles (Table 1). No M4 polymorphism was found.
Ten genotypes including WT/WT, WT/M1, WT/M2,
WT/M3, M1/M1, M1/M2, M1/M3, M2/M2, M2/M3,
M3/M3 and their frequencies in both groups are shown in
Table 2. M3 (59.67%) was the major polymorphism in
healthy group. The distribution of NAT2 genotypes in healthy
group was consistent with Hardy-Weinberg equilibrium
(χ2 = 7.2533, g = 8, P>0.5). In healthy group, 71.3% and
28.7% were classified as rapid-acetylator genotypes
(WT/WT, WT/Mx, x = 1, 2, 3) and slow-acetylator genotypes
(Mx/Mx), respectively. The frequency of WT/M3 (29.1%)
in the rapid-acetylator genotypes was the highest.
The frequency of allele M2 (29.5%) was the highest in
the 83 patients, 18 (21.7%) were slow-acetylator genotypes
(Mx/Mx), and 65 (78.3%) were rapid-acetylator genotypes
(WT/WT, WT/Mx), 35 (53.8%) of them being WT/M2
(Table 2).

DNA extraction
The peripheral blood was treated with EDTA. Tumor samples
were obtained from colorectal cancer patients and immediately
until used.
frozen in liquid nitrogen and stored at -80
Genomic DNA was isolated from peripheral leukocytes by
PEL-FREEZE reagent protocol or from the tumor samples
by the standard procedure of proteinase K/RNase digestion
and phenol/chloroform extraction.
Typing NAT2 polymorphism
PCR-RFLP was performed to investigate the NAT2 allele.
PCR was performed in 40 µL reaction mixture containing
50-200 ng DNA, 20 mmol/L of each primer, 1.25 mmol/L
of dNTPs, 25 mmol/L of MgCl 2, 1´PCR buffer, 5U of
thermostable Taq DNA polymerase using a programmable
thermocycler. The primer sequences were 5’-GGA ACA
AAT TGG ACT TGG-3’ and 5’-TCT AGC ATG AAT CAC
TCT GC-3’. PCR conditions were 5 min at 95 ; 35 cycles
and 1.5 min at 72 ;
of 1 min at 95 , 1 min at 57
followed by a final extension for 5 min at 72 . After
amplification, the 1 093 bp PCR-products were digested
with KpnI (M1 allele), BamHI (M3 allele), MspI/AluI
and TaqI (M2 allele) for
(M4 allele)for 16-18 h at 37
16-18 h at 65 separately in a 25 µL final volume. Digested
fragments were then separated by electrophoresis on 20 g/L
agarose gel (M1, M3) or 40 g/L agarose gel (M2, M4) and
visualized by ethidium bromide staining. All the experiments
included positive and negative controls for each studied
polymorphism.
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Association of NAT2 polymorphism with susceptibility to
colorectal cancer in Hebei Han Chinese
M3 allele was present in 30.59% (154/474) of the healthy
subjects and in 16.87% (28/166) of the patients (χ2 = 25.33,
P<0.0001). The M2 allele frequency was significantly different
between healthy (15.61%) and patient groups (29.52%)
(χ2 = 15.31, P<0.0001). There was no difference in rapidacetylator or slow-acetylator frequency between healthy
and patient groups. However, there was a significant

Figure 1 NAT2 genotype analysis by PCR-RFLP. M: DNA Marker (100,
250, 500, 750, 1 000, 2 000 bp); A: digest with Kpnl (M1 allele) shows
wildtype genotype (lane 2: 660 and 433 bp, WT/WT), variant genotype (lane
3: 1 093 bp, M1/M1) and heterozygote genotype (lane 1: 1 093, 660 and 433 bp,
WT/M1); B: digest with Taq1 (M2 allele) shows wildtype genotype (lane 1:
380, 317, 226 and 170 bp, WT/WT), variant genotype (lane 3: 396, 380 and
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317 bp, M2/M2) and heterozygote genotype (lane 2: 396, 380, 317, 226 and
170 bp, WT/M2); C: digest with BamHI (M3 allele) shows wildtype genotype
(lane 2: 811 and 282 bp, WT/WT), variant genotype (lane 3: 1 093 bp, M3/M3)
and heterozygote genotype (lane 1: 1 093, 811 and 282 bp, WT/M3); D: digest
with MspI/AluI (M4 allele) shows wildtype genotype (lane 1: 759, 189, 91 and
53 bp, WT/WT).
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Table 1
Alleles

Healthy controls

Patients

Number

Frequency

Number

Frequency

WT
M1

231
24

0.4874
0.0506

80
9

0.4819
0.0542

M2
M3

74
145

0.15611,b
0.30592,d

M4
SUM

0
474

0
1.0000

49
28

0.2952
0.1687

0
166

0
1.0000

χ =15.31, bP<0.0001 and 2χ2 = 25.33, dP<0.0001 vs patients.

1 2

Table 2
Rapid-acetylator genotype
WT/WT

WT/M1

Controls n
%

62
26.2

9
3.8

Patients n
%

15
18.1

χ2
P

2.20
0.14

WT/M2

Slow-acetylator genotype
WT/M3

Sum

29
12.2

69
29.1

169
71.3

1
0.4

4
1.7

9
3.8

5
2.1

31
13.1

18
7.6

68
28.7

1
1.2

35
42.2

14
16.9

65
78.3

1
1.2

2
2.4

4
4.8

3
3.6

6
7.2

2
2.4

18
21.7

0.64
0.42

34.42
<0.0001

0.00
1.00

0.00
1.00

0.007
0.94

0.12
0.73

2.06
0.15

2.01
0.16

1.54
0.22

3.80
0.03

difference between WT/M2 (χ2 = 34.42, P<0.0001) and
WT/M3 (χ 2 = 3.80, P<0.05) compared to the healthy
controls. The risk associated with combinations of NAT2
genotypes is shown in Table 3. The genotype WT/M2
might be a risk factor for colorectal cancer (OR = 4.99,
95%CI = 2.27-9.38).
Comparable analysis of WT/M2 and M2/M3 genotypes in blood
cells and cancer tissues of colorectal cancer patients
In 70.4% of patients, there was a difference in NAT2
genotype between tumor tissues and blood cells. The
frequency of NAT2 genotypes, especially WT/M2 and
M2/M3, was significantly different between tumor tissues
and blood cells (χ 2 = 5.11, P<0.05; χ 2 = 4.27, P<0.05,
Table 4). The frequency of genotype M2/M3 was 9.3% in

M1/M1 M1/M2 M1/M3 M2/M2 M2/M3 M3/M3 Sum

1.54
0.22

peripheral blood cells and 24.1% in cancer tissue.
Furthermore, 53.8% (7/13) of the tumors had M2/M3
while the corresponding blood cells had WT/M2.

DISCUSSION
Human NAT2 is a genetic polymorphism. Different
genotypes (WT/WT, WT/Mx, Mx/Mx, x = 1, 2, 3, 4) are
composed of different NAT2 alleles (wild type allele WT,
mutation allele Mx). According to the intensity of acetyl
action, a different genotype shows a different phenotype
(rapid-acetylator genotype and slow-acetylator genotype).
Genotypes composed of any two mutation alleles (Mx/Mx)
show slow-acetylator genotypes, while those consisted of
WT/WT or WT/Mx show rapid-acetylator genotypes. Bell

Table 3
Genotypes

Control

Patients

OR (95%CI)

n

%

n

%

WT/WT
WT/M2

62
29

26.2
12.2

15
35

18.1
42.2

1.00
4.99 (2.27-9.38)

WT/M1
WT/M3

9
69

3.8
29.1

1
14

1.2
16.9

0.46 (0.05-3.92)
0.84 (0.38-1.88)

169
68

71.3
28.7

65
18

78.3
21.7

1.59 (0.85-2.99)
1.09 (0.51-2.35)

WT/WT and WT/Mx
Mx/Mx

x = 1, 2, 3, 4, OR: odds ratio; CI: confidence internal.

Table 4
WT/M2

Blood cells
Cancer tissues

Others

%

n

%

n

%

23
12

42.6
22.2 1

5
13

9.3
24.1 2

26
29

48.2
53.7

χ = 5.11, P = 0.020 and 2χ2 = 4.27, P = 0.039 vs blood cells.

1 2

M2/M3

n
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et al.[6], reported that there are significant differences in the
frequency of WT, M1, and M4 alleles between Caucasian
and African-Americans, while the frequency of M2 and
M3 alleles is similar. The M4 allele is not detectable in
Cancasian-Americans, while 18% African-Americans carry
at least one M4 allele. The frequencies of NAT2 WT, M1,
M2, M3, and M4 alleles in Singapore Chinese are 0.51,
0.07, 0.32, 0.10, and 0.00, respectively[7]. The proportions of
rapid and slow acetylators do also vary remarkably between
ethnic groups as well as between populations of different
geographical origins[8]. For example, the percentage of slow
acetylators is 5% in Canadian Eskimos, over 80% in Egyptians
and 90% in Moroccans[9,10]. Singapore Chinese have 72% of
rapid-acetylator genotypes. In our study, four NAT2 alleles
(WT, M1, M2, M3) and ten NAT2 genotypes (WT/WT,
WT/M1, WT/M2, WT/M3, M1/M1, M1/M2, M1/M3,
M2/M2, M2/M3, M3/M3) were found in Hebei Han
Chinese. M4 was not present in Hebei Han Chinese, while
29.1% of healthy controls carried at least one M3 allele.
Hebei Han Chinese had 71.3% of rapid-acetylator genotypes.
The frequencies of the NAT2 M4 allele and rapid-acetylator
genotypes are similar in both Hebei Han Chinese and
Singapore Chinese, but there are significant differences in
the frequencies of WT, M1, M2, and M3 between the two
populations.
NAT2 is an important enzyme for the detoxification
and/or bioactivation of several carcinogenic arylamines,
its activity directly affects metabolic response of carcinogen
in vivo and intensity of toxic reaction[11]. It was reported that
the polymorphism of NAT2 gene is associated with the
occurrence of colorectal cancer[12]. Genetic epidemiological
studies suggest that rapid acetylator phenotype may be
associated with the higher incidence of colorectal cancer in
the UK populations[12]. Lee et al.[7], also showed that the
rapid acetylator genotype is associated with cancer occurring
in Singapore Chinese. However, our results suggest that
rapid-acetylator genotype or slow-acetylator genotype
does not appear to be associated with colorectal cancer
development, but there is an association between the
WT/M2 genotype and colorectal cancer. The M2 allele
was more frequent in the patients than in the healthy
subjects (χ 2 = 15.31, P<0.0001). Odds ratio (OR) for
genotype WT/M2 was 4.99 (95%CI = 2.27-9.38). The data
suggest that genotype WT/M2 may be a risk factor for
colorectal cancer in Hebei Han Chinese.
Schnakenberg et al.[13], detected the loss of heterozygosity
in slow and rapid acetylator genotypes in bladder cancer
patients. They observed allelic loss at the NAT2 locus in 11
of 60 tumor samples (18.3%), but not in controls. The
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present study also demonstrated changes of NAT2
genotypes in 70.4% of the tumor specimens. The rising
M2/M3 in tumors seems to be transformed from genotype
WT/M2 of blood cells, and also suggests that WT/M2
may be a risk factor for colorectal cancer. Our findings
may contribute to the early diagnosis of colorectal cancer.

REFERENCES
1
2

3

4

5

6

7

8

9
10
11

12

13

Pande JN, Pande A, Singh SP. Acetylator status, drug metabolism and disease. Natl Med J India 2003; 16: 24-26
Hein DW. Molecular genetics and function of NAT1 and
NAT2: role in aromatic amine metabolism and carcinogenesis.
Mutant Res 2002; 30: 65-77
Hein DW, Doll MA, Fretland AJ, Leff MA, Webb SJ, Xiao
GH, Devanaboyina US, Nangju NA, Feng Y. Molecular genetics and epidemiology of the NAT1 and NAT2 acetylation
polymorphisms. Cancer Epidemiol Biomarkers Prev 2000; 9: 29-42
Rodriguez JW, Kirlin WG, Ferguson RJ, Doll MA, Gray K,
Rustan TD, Lee ME, Kemp K, Urso P, Hein DW. Human
acetylator genotype: relationship to colorectal cancer incidence
and arylamine N-acetyltransferase expression in colon cytosol.
Arch Toxicol 1993; 67: 445-452
Sachse C, Smith G, Wilkie MJ, Barrett JH, Waxman R, Sullivan
F, Forman D, Bishop DT, Wolf CR. A pharmacogenetic study
to investigate the role of dietary carcinogens in the etiology of
colorectal cancer. Carcinogenesis 2002; 23: 1839-1849
Bell DA, Taylor JA, Butler MA, Stephens EA, Wiest J, Brubaker
LH, Kadlubar FF, Lucier GW. Genotype/phentype discordance for human arylamine N-acetyltransferase(NAT2) reveals a new slow-acetylator allele common in African-Americans.
Carcinogenesis 1993; 14: 1689-1692
Lee EJ, Zhao B, Seow-Choen F. Relationship between polymorphism of N-acetyltransferase gene and susceptibility to
colorectal carcinoma in a Chinese population. Pharmacogenetics 1998; 8: 513-517
Fretland AJ, Leff MA, Doll MA, Hein DW. Functional
characterization of human N-acetyltransferase 2 (NAT2)
single nucleotide polymorphisms. Pharmacogenetics 2001;
11: 207-215
Weber WW, Hein DW. N-acetylation pharmacogenetics.
Pharmacol Rev 1985; 37: 25-79
Evans DA. N-acetyltransferase. Pharmacol Ther 1989; 42:
157-234
Zhao B, Seow A, Lee EJ, Lee HP. Correlation between acetylation phenotype and genotype in Chinese women. Eur J Clin
Pharmacol 2000; 56: 689-692
Barrett JH, Smith G, Waxman R, Gooderham N, Lightfoot T,
Garner RC, Augustsson K, Wolf CR, Bishop DT, Forman D.
Colorectal Cancer Stusy Group. Investigation of interaction
between N-acetyltransferase 2 and heterocyclic amines as potential risk factors for colorectal cancer. Carcinogenesis 2003;
24: 275-282
Schnakenberg E, Ehlers C, Feyerabend W, Werdin R, Hubotter
R, Dreikorn K, Schloot W. Genotyping of the polymorphic
N-acetyltransferase (NAT2) and loss of heterozygosity in
bladder cancer patients. Clin Genet 1998; 53: 396-402

Science Editor Wang XL and Guo SY Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(27):4272-4276
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Expression of albumin, IGF-1, IGFBP-3 in tumor tissues and
adjacent non-tumor tissues of hepatocellular carcinoma patients
with cirrhosis
Shi-Min Luo, Wei-Min Tan, Wei-Xiong Deng, Si-Min Zhuang, Jian-Wei Luo
Shi-Min Luo, Wei-Min Tan, Wei-Xiong Deng, Si-Min Zhuang,
Jian-Wei Luo, Department of Cadre Surgery, The First Municipal
People’s Hospital of Guangzhou, Guangzhou 510180, Guangdong
Province, China
Correspondence to: Wei-Min Tan, Department of Cadre Surgery, The
First Municipal People’s Hospital of Guangzhou, 1 Panfu Lu, Guangzhou
510180, Guangdong Province, China. lsmin@gzsums.edu.cn
Telephone: +86-20-81048285 Fax: +86-20-81048285
Received: 2004-11-12 Accepted: 2005-01-05

Abstract
AIM: To explore the expression of albumin (ALB), insulinlike growth factor (IGF)-1, and insulin-like growth factor
binding protein (IGFBP)-3 in tumor tissues and adjacent
non-tumor tissues of hepatocellular carcinoma (HCC)
patients with cirrhosis.
METHODS: Twenty-four HCC patients with cirrhosis who
underwent hepatectomy were studied. ALB mRNA, IGF-1
mRNA, and IGFBP-3 mRNA in liver tissues (including tumor
tissues and adjacent non-tumor tissues) were detected
by reverse transcriptase-polymerase chain reaction
(RT-PCR). Liver Ki67 immunohistochemistry staining was
studied. At the same time, 12 patients with cholelithiasis
or liver angioma who underwent operation were segregated
as normal control.
RESULTS: In HCC patients with cirrhosis, hepatic ALB
mRNA, IGF-1 mRNA, and IGFBP-3 mRNA of tumor tissues
or adjacent non-tumor tissues were lower than the normal
liver tissues, while in tumor tissues, hepatic ALB mRNA
and IGFBP-3 mRNA were lower, hepatic IGF-1 mRNA was
higher than in adjacent non-tumor tissues. Liver Ki67
labeling index (Ki67 LI) in tumor tissues or adjacent nontumor tissues were higher than that in the normal liver
tissues, while in tumor tissues it was higher than that in
adjacent non-tumor tissues.
CONCLUSION: Imbalance of IGF-1 and IGFBP-3 may play
a role in hepatocarcinogenesis and tumor development
of liver cirrhosis patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Extensive research on insulin-like growth factors (IGFs)
during the last decade has greatly advanced our understanding
of these peptides that are not only the endocrine mediators
of growth hormone (GH)-induced metabolic and anabolic
actions but also polypeptides that act in a paracrine and
autocrine manner to regulate cell growth, differentiation,
apoptosis, and transformation[1]. In biological fluids, IGFs
are complexed with specific binding proteins (IGFBPs)[2-4].
The functions of IGFBPs are to modulate the biologic
activity of IGFs. Imbalance of these diverse processes may
preferentially favor uncontrolled cell proliferation leading
to malignant transformation. Recent evidence from
epidemiologic studies has confirmed an association between
serum levels of IGFs and several malignancies at the
population level and has resulted in a resurgence of scientific
interest in this field.
IGF-1 and IGF-2 are single chain polypeptides, which
have 62% homology with proinsulin. Serum concentrations
of IGF-2 are higher than IGF-1 (400-600 ng/mL vs
100-200 ng/mL) in humans of all ages, are relatively stable
after puberty and are not regulated by GH. IGF-2 has
proliferative and antiapoptotic actions similar to IGF-1 since
its effects are exerted by the IGF-1R[5]. However, IGF-2
plays a fundamental role in embryonic and fetal growth,
whereas its role in the postnatal period is less important as
it is substituted by IGF-1.
The liver is the central organ of the endocrine GH/
IGF-1 axis. GH is secreted by the somatotrophic cells of
the anterior pituitary, transported in the circulation by the
high affinity growth hormone binding protein and acts
through the hepatic GH receptor to regulate the production
of the potent mitogenic growth factor IGF-1. The availability
of IGF-1 to its tissue receptors is further regulated by the
high affinity IGFBPs (IGFBP-1 to -6) of which the liver
is also a significant source, with IGFBP-3 being most
abundant[6]. Epidemiologic studies have found high circulating
IGF-1 and low IGFBP-3 levels to be associated with an
increased risk of developing breast, endometrial, lung,
colorectal, and prostate cancer. IGFBP-3 was reported to
be a growth suppressor in variable pathways[7,8].
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Hepatocellular carcinoma (HCC) is the fifth most
common cancer worldwide, with estimated 467 000 new
cases per year[9]. HCC is one of the most common malignant
tumors in the world. Since the 1990s HCC has become the
second killer in various cancers in China. Most HCC cases
arise in HBV and liver cirrhosis. In carcinogenesis induced
by viral infection, the frequency of gene mutation is
considered to increase as the mitotic activity of cells gets
greater. Under conditions that increase the proliferative
activity of hepatocytes such as chronic hepatitis and liver
cirrhosis, the probability of mutation increases, resulting in
increased occurrence of HCC.
Albumin (ALB) is the major protein produced in the
liver, and its primary functions include transportation of a
variety of substances in the blood and maintenance of
osmotic pressure. In normal adults, ALB constitutes more
than 65% of the total plasma protein content. The plasma
concentration of ALB reflects its synthesis, degradation,
and distribution. Thus, the expression of hepatic ALB mRNA
was more useful in reflecting the degree of liver injury or
liver functional reserve than serum ALB.
In this study, we used the reverse transcriptase-polymerase
chain reaction (RT-PCR) technique to detect ALB mRNA,
IGF-1 mRNA, IGFBP-3 mRNA in tumor tissues and
adjacent non-tumor tissues of HCC patients with cirrhosis.
At the same time, we have immunochemically detected Ki67
antigen which appears in all phases of the cell cycle of
proliferating cells but is negative in G0[10] on paraffinized
section by microwave antigen retrieval method and
compared the proliferative activity between adjacent nontumor tissue as well as tumor tissues. We explored the roles
of IGF-1 and IGFBP-3 in hepatocarcinogenesis and tumor
development of liver cirrhosis patients.

MA
TERIALS AND METHODS
MATERIALS
Patients and tissue samples
Of the patients at our department who underwent curative
resection for HCC with liver cirrhosis between September
2002 and June 2003. Curative resection was defined as
complete resection of all macroscopically detectable tumor
with histological tumor clearance (the entire tumor mass
was included in the surgical specimen without exposure of
tumor cells on the cut edge). At the time of study entry, the
inclusion criteria had no evidence of endocrine disease.
Twenty-four HCC patients with liver cirrhosis who
underwent hepatectomy were studied. At the same time, 12
patients with cholelithiasis or liver angioma who underwent
operation were segregated as normal control and these
patients had no liver cirrhosis and endocrine disease.
Liver samples (including HCCs and adjacent non-tumor
tissues) were excised at the operation, immediately freeze
for
clamped with liquid nitrogen, and stored at -70
analysis of ALB mRNA, IGF-1 mRNA, and IGFBP-3
mRNA. For histological examination, some liver samples
were fixed in 10% neutral-buffered formalin, embedded in
paraffin.
Reverse transcriptase polymerase chain reaction (RT-PCR)
RT-PCR was performed to measure the expression levels
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of ALB mRNA, IGF-1 mRNA, and IGFBP-3 mRNA in
liver tissues. The primers used were deduced from the cDNA
sequence. The sequences of the primers for ALB sense
and antisense were 5’-CCCAAGTGTCAACTCCAACT-3’
(sense) and 5’-GCAGGTCTCCTTATCGTCAG-3’
(antisense), a 456 bp long fragment was amplified. The
sequences of the primers for IGF-1 sense and antisense
were 5’-AGCAGTCTTCCAACCCAATTA-3’ (sense) and
5’-CACGGACAGAGCGAGCTG-3’ (antisense), a 355 bp
long fragment was amplified. The sequences of the primers
for IGFBP-3 sense and antisense were 5’-ATATGGTCCCTGCCGTAGA-3’ (sense) and 5’-AAATCGAGGCTGTAGCCAG-3’ (antisense), a 345 bp long fragment was
amplified. The sequences of the primers for β-actin sense
and antisense were 5’-ACTCTTCCAGCCTTCCTTCCT-3’
(sense) and 5’-TCACCTTCACCGTTCCAGTTT-3’ (antisense),
a 513 bp long fragment was amplified.
Total RNA was extracted from frozen liver specimens
by the guanidinium isothiocyanate method. The RNA was
quantified and checked for purity by spectrophotometry at
260 and 280 nm. Aliquots of total RNA were reverse
transcribed using SperSriptII Reverse Transcriptase
(Invitrogen Corp.) and subsequently amplified by PCR using
the Taq DNA polymerase (Promega Corp.).
The PCR was carried out in 25 mL of reaction mixture
containing 0.5 µL cDNA template, 2.5 µL 10×PCR-Buffer,
1.5 µL 25 mmol/L MgCl 2, 0.5 µL 10 mmol/L dNTPs,
0.5 µL 10 µmol/L ALB or IGF-1 or IGFBP-3 primers,
0.15 µL 10 µmol/L β-actin primers, 0.5 µL 5 IU/µL Taq
DNA polymerase. The mixture was heated for 5 min at
for initial DNA denaturation, followed by 30 cycles
94
of denaturation (at 94 for 45 s), annealing (ALB at 50
for 45 s, IGF-1 at 48 for 45 s, IGFBP-3 at 55 for 45 s),
polymerization (at 72 for 1 min) and then a final extension
of 10 min at 72 . PCR reactions were stored frozen until
analysis by agarose gel electrophoresis.
PCR reactions were electrophoresed on 1.5% agarose
gel, stained with ethidium bromide and quantitated using
the interactive build analysis system. The band intensity of
the ALB or IGF-1 or IGFBP-3 was compared with the
band intensity of the β-actin, and the amount of ALB
mRNA, IGF-1 mRNA, and IGFBP-3 mRNA was estimated.
Immunohistochemistry
Two-step immunohistochemical staining technique was
used. Main reagent included rabbit polyclonal antibody Ki67
Ab-4 (Neomarkers Corp.) and PV-6000 PicTureTM Kits.
Briefly, sections were deparaffinized, rehydrated, and then
immersed in 0.1 mol/L citric acid buffer (pH 6.0) and boiled
for 5-10 min in a microwave oven. The slides were then
rinsed gently with PBS at pH 7.2-7.4, and treated with 0.3%
hydrogen peroxide in absolute methanol for 1 h at room
temperature to remove endogenous peroxidase. The sections
were then incubated with the primary antibody Ki67 Ab-4
(1:200 dilution) for 30 min at 37 . After rinsing thrice
with PBS, each for 2 min, the sections were incubated with
PV-6000 for 30 min at 37 . They were then rinsed thrice
with PBS for 2 min, and visualized with DAB. Finally, the
sections were then counterstained with hematoxylin.
On each slide, Ki67-positive nuclei were evaluated by
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means of light microscopy at 400 magnification. A minimum
of 1 000 cells, evaluated through a minimum of 200 cells
per field in five different fields. The Ki67 labeling index
(Ki67 LI) is the number (%) of positive cells.
Statistical analysis
Data are expressed as mean±SE. The statistical software
SPSS 10.0 was used. Statistical significance was set at P<0.05.

RESUL
TS
RESULTS
In HCC patients with cirrhosis, hepatic ALB mRNA, IGF-1
mRNA, IGFBP-3 mRNA of tumor tissues or adjacent
non-tumor tissues were lower than the normal liver tissues,
while in tumor tissues, hepatic ALB mRNA and IGFBP-3
mRNA were lower, hepatic IGF-1 mRNA was higher than
in adjacent non-tumor tissues. Liver Ki67 LI in tumor tissues
was higher than that in adjacent non-tumor tissues, while in
adjacent non-tumor tissues it was higher than that in the
normal liver tissues (Table 1).

Table 1 Comparison of hepatic ALB mRNA, IGF-1 mRNA, IGFBP-3
mRNA and liver Ki67 LI
n

ALB
mRNA

IGF-1
mRNA

I GFBP-3
mRNA

Normal liver tissues

12

0.69±0.05

0.95±0.02

2.02±0.04

Tumor tissues

24

0.38±0.01a

0.76±0.03a

0.45±0.13a

Adjacent non-tumor

24

0.50±0.05a,c

0.43±0.06a,c

0.72±0.17a,c

Liver
Ki67 LI (%)
0±0
17.3±5.9a
0.2±0.1a,c

tissues
a
c

P<0.05, tumor tissues or adjacent non-tumor tissues vs normal liver tissues;
P<0.05, adjacent non-tumor tissues vs tumor tissues.

DISCUSSION
The liver is probably the major source of circulating IGF-1
with GH confirmed as the dominant regulator of IGF-1
gene expression and serum levels in human disease[11-13].
IGF-1 is an important anabolic polypeptide with various
effects. IGF-1 synthesis is disturbed in liver cirrhosis and
reflects the severity of the clinical stage. It represents a
good marker of hepatic function. The etiology of cirrhosis
does not seem to influence its levels[14]. Serum IGFBP-3
proves to be a better marker for the hepatic synthetic
capacity than serum ALB or cholinesterase[15]. Serum IGF-1,
IGF-2, and IGFBP-3 may provide a new dimension in the
assessment of liver dysfunction. Combined detection of
serum IGF-1, IGF-2, and IGFBP-3 with Child-Pugh score
is more effective in predicting prognosis than Child-Pugh
score alone.
Giovannucci presented a model integrating nutrition,
insulin and IGF-1 physiology (“bioactive” IGF-1), and
carcinogenesis based on the following: (1) insulin and the
IGF-1 axis function in an integrated fashion to promote
cell growth and survival; (2) chronic exposure to these
growth properties enhances carcinogenesis; and (3) factors
that influence bioactive IGF-1 will affect cancer risk. The
model presented here summarizes the data that chronic
exposure to high levels of insulin and IGF-1 may mediate
many of the risk factors for some cancers that are high in
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Western populations. This hypothesis may help explain
some of the epidemiologic patterns observed for these
cancers, both from a cross-national perspective and within
populations[16]. In HCC, HBV stimulates IGF-1R expression[17]
and enhances IGF-2 gene expression[18]. Hepatitis C virus
has also been related to increased IGF-2 transcription in
HCC[19]. HCC is associated with a higher IGF-1:IGFBP-3
ratio than that found in patients with liver cirrhosis and a
similar degree of liver failure[20].
IGF-1 and IGFBP-3 play a crucial role in the regulation
of growth, cellular proliferation and transformation, and
apoptosis. The local tissue expression of IGF-1 and IGFBP-3
has been associated with tumor grade, pathologic stage, and
disease progression for patients with various malignancies.
Epidemiologic studies have found high circulating IGF-1
and low IGFBP-3 levels to be associated with an increased
risk of developing breast, endometrial, lung, colorectal, and
prostate cancer. IGFBP-3 was reported to be a growth
suppressor in variable pathways[7,8]. In the IGF receptor
dependent pathway, IGFBP-3 binds to IGF-1 and 2 and
suppresses its growth signal. In the IGF receptor independent
pathways, the IGFBP-3 mediates wide varieties of growth
suppression signal.
This study showed hepatic IGF-1 mRNA, IGFBP-3
mRNA of tumor tissues or adjacent non-tumor tissues were
lower than the normal liver tissues, while in tumor tissues,
hepatic IGFBP-3 mRNA was lower but hepatic IGF-1
mRNA was higher than in adjacent non-tumor tissues. Thus,
imbalance of IGF-1 and IGFBP-3 are thought to be important
in hepatocarcinogenesis and tumor development of liver
cirrhosis patients. IGFBP-3 mRNA which decreased in local
tissues may take part in important roles in carcinogenesis.
As the IGFBP-3 is produced mainly in the liver, IGFBP-3
may play an important role in the carcinogenesis of HCC.
IGFBP-3 functions as a general mediator of growth inhibitory
and apoptosis-inducing pathways.
IGFBP-3 is the most abundant IGFBP in human serum
and has been shown to be a growth inhibitory, apoptosisinducing molecule, capable of acting via IGF-dependent
and IGF-independent mechanisms. Over the last decade,
several clinical studies have proposed that individuals with
IGFBP-3 levels in the upper normal range may have a
decreased risk for certain common cancers. This includes
evidence of a protective effect against breast, prostate,
colorectal, and lung cancer. In addition, a series of in vitro
studies and animal experiments point towards an important
role for IGFBP-3 in the regulation of cell growth and
apoptosis. Epidemiologic and experimental evidence
suggesting a role for IGFBP-3 as an anti-cancer molecule[21].
At the intracellular level this may either involve modulation
of the bcl-2/bax ratio[22] or the p53 protein[23]. Kuemmerle
et al., reported that endogenous IGFBP-3 directly inhibits
proliferation of human intestinal smooth muscle cells by
activation of TGF-betaRI and Smad 2, an effect which is
independent of its effect on IGF-1 stimulated growth[24].
Interestingly, IGFBP-3 has been localized in the nucleus,
implying a more direct transcriptional regulatory role, but it
remains largely unknown how extracellular IGFBP-3 enters
the cell[25].
The liver has the unique capacity to regulate its growth

Luo SM et al. ALB, IGF-1, IGFBP-3 expression in HCC with cirrhosis

and mass both in humans and in animals. This property is
particularly remarkable because hepatocytes are cells which
in their nor mal state rarely divide. However, their
proliferative capacity and the ability of the liver to adapt to
variable metabolic demands are not lost. To assess the
proliferating cells, we have immunochemically detected
Ki-67 nuclear antigen. Characterization of the Ki-67
antibody revealed an interesting staining pattern. The
antibody was reactive with a nuclear structure present
exclusively in proliferating cells. A detailed cell cycle analysis
revealed that the antigen was present in the nuclei of cells
in the G1, S, and G2 phases of the cell division cycle as well
as in mitosis. Quiescent or resting cells in the G0 phase did
not express the Ki-67 antigen. Because the Ki-67 antigen
was present in all proliferating cells (normal and tumor cells),
it soon became evident that the presence of this structure
is an excellent operational marker to determine the growth
fraction of a given cell population. For this reason, antibodies
against the Ki-67 protein were increasingly used as diagnostic
tools in cell proliferation.
ALB is a ubiquitous protein that is synthesized only by
hepatocytes. ALB is a polypeptide chain of 580 amino acids
that is produced by hepatocytes[26]. The number of ALB
molecules produced by a single hepatocyte has been
estimated to be -40 000[27]. The expression of ALB gene is
reduced in various liver diseases and the degree of reduction
in the hepatic ALB mRNA level is generally correlated with
the severity of the disease[28]. This study showed that liver
Ki67 LI in tumor tissues was higher than that in adjacent
non-tumor tissues, which was higher than that in normal
liver tissues, but hepatic ALB mRNA in tumor tissues was
lower than that in adjacent non-tumor tissues, which was
higher than that in normal liver tissues. It represented that
proliferating hepatocytes or tumor tissues had less function.
The IGF system performs a fundamental role in the
regulation of cellular proliferation, differentiation, and
apoptosis. Disruptions in the balance of IGF system
components leading to excessive proliferation and survival
signals have been implicated in the development of different
tumor types. This study represented the imbalance of IGF-1
and IGFBP-3 which are thought to be important in
hepatocarcinogenesis and tumor development of liver
cirrhosis patients. Epidemiologic evidence indicates that
increased levels of IGF-I, reduced levels of IGFBP-3 or
an increased ratio of IGF-1 to IGFBP-3 in the circulation
are associated with an increased risk for the development
of several common cancers, including those of the breast,
prostate, lung, and colon. The results of preclinical studies
indicate that a diversity of interventions which antagonize
IGF-1R signaling or augment IGFBP-3 function inhibit
tumor cell growth in models of human cancers. A more
comprehensive understanding of the interplay between
cellular targets of the IGF system and antineoplastic agents
will facilitate the development of novel strategies for the
prevention and treatment of cancer[29]. Thus, the GH/IGF-I
axis may be a target for cancer prevention and treatment.
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Abstract
AIM: To investigate the potential role of nuclear factor
kappa-B (NF-κB) activation on the reactive oxygen species
in rat acute necrotizing pancreatitis (ANP) and to assess
the effect of pyrrolidine dithiocarbamate (PDTC, an inhibitor
of NF-κB).
METHODS: Rat ANP model was established by retrograde
injection of 5% sodium taurocholate into biliopancreatic
duct. Rats were randomly assigned to three groups (10
rats each): Control group, ANP group and PDTC group. At
the 6th h of the model, the changes of the serum amylase,
nitric oxide (NO), malondialdehyde (MDA), superoxide
dismutase (SOD) and pancreatic morphological damage
were observed. The expressions of inducible nitric oxide
(iNOS) were observed by SP immunohistochemistry. And
the expressions of NF-κB p65 subunit mRNA were observed
by hybridization in situ.
RESULTS: Serum amylase and NO level decreased significantly in ANP group as compared with PDTC administrated
group [(7 170.40±1 308.63) U/L vs (4 074.10±1 719.78) U/L,
P<0.05], [(76.95±9.04) µmol/L vs (65.18±9.02) µmol/L,
P<0.05] respectively. MDA in both ANP and PDTC group
rose significantly over that in control group [(9.88±1.52)
nmol/L, (8.60±1.41) nmol/L, vs (6.04±1.78) nmol/L,
P<0.05], while there was no significant difference between
them. SOD levels in both ANP and PDTC group underwent
a significant decrease as compared with that in control
[(3 214.59±297.74) NU/mL, (3 260.62±229.44) NU/mL,
vs (3 977.80±309.09) NU/mL, P<0.05], but there was no
significant difference between them. Though they were
still higher than those in Control group, pancreas destruction
was slighter in PDTC group, iNOS expression and NF-κB
p65 subunit mRNA expression were lower in PDTC group
as compared with ANP group.
CONCLUSION: We conclude that correlation among
NF-κB activation, serum amylase, reactive oxygen species
level and tissue damage suggests a key role of NF-κB in
the pathogenesis of ANP. Inhibition of NF-κB activation

may reverse the pancreatic damage of rat ANP and the
production of reactive oxygen species.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Acute pancreatitis is clinically classified into mild and severe
forms. Mild or edematous acute pancreatitis is a self-limiting
disease with a low complication and mortality rate. However,
ANP has an unacceptably high morbidity and mortality rate.
Multiple therapeutic modalities have been suggested for acute
pancreatitis, but none has been unambiguously proven to
be effective yet. The major problem is that the pathophysiology
of the disease is not fully understood[1,2].
Oxygen free radicals are molecules produced continuously
in cells by several mechanisms. The generation of oxygen
free radicals is physiologic. In most circumstances, oxygen free
radicals are neutralized immediately by enzymatic scavengers.
But when formation of oxygen free radicals overwhelms
radical neutralization in cells, oxidative stress occurs. As
they are very reactive, they react well with all biological
substances such as proteins, polysaccharides, and nucleic
acids, resulting in tissue injury. It has been suggested that
oxygen free radicals are responsible for a wide variety of
diseases or conditions, for they play an important role in
the pathogenesis of pancreatitis in some experimental
models, and they are involved in the initiation of pancreatitis.
Also, it was reported that oxygen free radicals acted as
important mediators of tissue damage in experimental
acute pancreatitis[3,4].
Nuclear factor kappa-B (NF-κB) is a sequence-specific
transcription factor known to be involved in inflammatory
and immune responses. It plays an important role in physiologic
and pathologic conditions as an inducible nuclear factor.
NF-κB is able to mediate a variety of inflammatory mediators
involved in acute pancreatitis, including cytokines and
adhesion molecules, as well as specific inducible isoform
of nitric oxide synthase enzymes. Recent experimental studies
appeared to have shed some light on the intracellular signaling
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pathway in the inflammatory cascade in acute pancreatitis[5-7].
Hence, the role of NF-κB in acute pancreatitis has attracted
more and more attention.
Therefore, this study was conducted to evaluate the role
of NF-κB in experimental model of rat ANP and to analyze
the role of NF-κB activation on nitric oxide (NO) and other
reactive oxygen species in the pathogenesis of ANP.

MA
TERIALS AND METHODS
MATERIALS
Experimental groups and models
We randomized 30 male Wistar rats (weighing 250-300 g) to
three groups, Control group, ANP group, and PDTC group.
After having fasted for 24 h before the experiment, and
allowed only drinking water freely, all rats were intraperitoneally
infused with 2.5% pentobarbital sodium. When the abdominal
cavity was opened through the median incision, the common
bile duct and the pancreatic duct were found. After intubation
from the end of pancreatic duct, the pancreatic duct was
shut both at the duodenal ampulla and near the hepatic
hilum transiently to prevent regurgitation of the infusion
into the liver or duodenum. The ANP and PDTC group
were induced by slow and even infusion of 5% sodium
taurocholate (Sigma, St. Louis, MO, USA) into the pancreatic
duct. The Control group received infusion of saline of the
same amount instead of sodium taurocholate. In addition
to sodium taurocholate, PDTC group received intravenous
infusion of PDTC (Sigma, St. Louis, MO, USA) 10 mg/kg,
while Control and ANP group received the same amount
of saline instead.
Tested parameters
At the 6th h of the model, blood was collected from the
abdominal aorta of rats, and the pancreas was removed
according to the following measurement: (1) Serum amylase
detected by HITACHI 7170 automatic biochemical analyzer;
(2) Ratio of NO2- to NO3- determined by copper-zinccadmium reductive chromatometry, which reflects NO
level; (3) Malondialdehyde (MDA) detected by TBA
chromatometry; (4) Superoxide dismutase (SOD) detected
by hydroxylamine chromatometry; (5) Morphological damage
to pancreas observed microscopically after fixation in 10%
neutral formaldehyde solution and HE stain, morphological
alterations were graded using a scale of the degree of
inflammation, necrosis and edema; (6) Expressions of iNOS
in pancreatic tissue detected by iNOS immunohistochemical
kits (Beijing Zhongshan Biotechnology Co., Ltd. Beijing,
China) iNOS antibody was diluted 50 fold, tested with SP
method, and cells stained with brown-yellow granules were
considered to be positive; (7) Expressions of NF-κB p65
subunit mRNA in pancreatic tissue: After fixation in 4%
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citromint and 1% DEPC, expression of NF-κB p65 subunit
mRNA in situ kits (Wuhan Boster Bioengineering Co., Ltd.
Wuhan, Hubei, China) Plasma and nucleus of pancreatic
acinar stained with brown-yellow granules were considered
to be positive. All immunohistochemistry or in situ images
were analyzed and processed using MetaMorph v4.6 software
(Universal Imaging Corp.). The intensity of expression was
represented by average gray value, and the difference of
average gray value reflected the difference of expression.
Two pathologists assessed all of histopathologic sections in
20 fields/organ, and they were not aware as to which groups
the sections belonged.
Statistical analysis
SASS 6.12 statistical analytic software was applied to process
the data collected, and P<0.05 was considered statistically
significant.

RESUL
TS
RESULTS
Change of serum amylase, NO, MDA, and SOD (Table 1)
After the above treatment, serum amylase in ANP group
rose rapidly. Although it was significantly higher than that
in control group (P<0.05), serum amylase of PDTC group
was still significantly lower than that in ANP group (P<0.05).
NO levels in both ANP and PDTC group increased. The
former, however, was significantly higher than the latter
(P<0.05). MDA in both ANP and PDTC group rose
significantly over that in control group (P<0.05), while there
was no significant difference between the two results
themselves. SOD levels in both ANP and PDTC group
underwent a significant decrease as compared with that in
control group (P<0.05), but there was no significant
difference between either of them.
Morphological change of the pancreatic tissue (Figure 1)
The only gross change in the abdominal cavity in control
group was the mildly edematous pancreas. No structural
damage was found microscopically in the pancreatic tissue,
except for some local interstitial edema. In ANP group,
bloody ascites, necrotic foci in pancreas, and fat necrosis in
mesentery and omentum were found grossly. Interstitial
lobular inflammatory infiltrations were observed in pancreas
microscopically, as well as diffusive bleeding and piecemeal
necrosis. In PDTC group, ascites and fat necrosis diminished
notably compared with those in ANP group. Microscopically,
slight bleeding, mild acinar degeneration and mild structure
damage to lobules were observed together with declining
inflammatory infiltration. The damage of ANP group is
obviously grave than PDTC group [Histopathologic score:
(5.76±1.12) vs (4.00±1.50), P<0.05].

Table 1 Changes of serum amylase, NO, MDA, SOD
Group

Amylase (U/L)

NO (umol/L)

MDA (nmol/L)

SOD (NU/mL)

Control
ANP

990.20±189.32
7170.40±1308.63 c

56.97±13.31
76.95±9.04c

6.04±1.78
9.88±1.52c

3977.80±309.09
3214.59±297.74c

PDTC

4074.10±1719.78a,c

65.18±9.02a

8.60±1.41c

3260.62±229.44c

P<0.05 vs ANP group; cP<0.05 vs control group.

a
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Figure 1 Morphological change of the pancreatic tissue (original magnification,

A

B

C

x400). A: Control group; B: ANP group; C: PDTC group.

C

Figure 2 Expression of NOS in pancreatic tissue (DAB, original magnification,

×400). A: Control group; B: ANP group; C: PDTC group.

Expressions of iNOS in pancreatic tissue (Figure 2)
Expression of iNOS was negative in control group while
positive in both ANP and PDTC group, mainly found in
endotheliums and smooth muscle cells. The iNOS expression
is significantly lower with PDTC group than ANP group
[Average gray value: (80.43±10.48) vs (64.26±9.18), P<0.05].

ANP, and they play quite a vital role in the onset and
development of ANP[11]. During ANP, activated neutrophiles
are attached to endothelial cells, infiltrate into tissues, and
produce large amount of reactive oxygen species and a
kind of cytokines, which may cause severe damage to the
pancreatic tissue. NO, in addition to potent function of
vasodilation, can also inhibit the adherence, infiltration, and
activation of white blood cells, and affect the production
of reactive oxygen species[11,12]. NO is generated by two
classes of nitric oxide synthase (NOS): One that is constitutive,
Ca2+-dependent and physiologically activated (cNOS) and
the other is inducible (iNOS). cNOS produces temperate
amount of NO relieving ANP, whereas iNOS produces
excess NO exacerbating the damage of ANP to the body[12].
Excessive production of NO causes vasodilatation and
hypotension leading to organ hypoperfusion, edema, and
organ dysfunction. Moreover, the reaction of NO with
superoxide causes the formation of peroxynitrite, which is
a powerful oxidant and cytotoxic agent and may play an
important role in the cellular damage associated with the
overproduction of NO. The spontaneous reaction of
peroxynitrite with proteins makes the nitration of tyrosine
residues to form nitrotyrosine, which is a specific nitration
product of peroxynitrite and a marker for peroxynitriteinduced oxidative tissue damage. In this study, we found
the concentration of SOD as an antioxidant decreased and
that of MDA as the lipid peroxide increased, indicating the
role of NO on the free radical reaction and oxidation
response could intensify ANP.

Expressions of NF-κB p65 subunit mRNA in pancreatic tissue
(Figure 3)
In control group, expression of NF-κB was negative in all
acinar nuclei, and positive only in some plasma. In ANP
group, however, the expression was positive in both nucleus
and plasma of pancreatic acinar. And the expression in nucleus
and plasma decreased significantly in PDTC group [Average
gray value: (104.25±19.08) vs (67.28± 8.95), P<0.05].

DISCUSSION
One of the most severe complications of ANP is multiple
system organ failure (MSOF) in early stage. The early
systemic complication is the major cause of death in ANP,
which leads to a mortality rate of 20%. Although it has
been indicated that trypsin activation, auto-digestion of
pancreas, cytokines, endotoxin, reactive oxygen species, and
arachidnate[8-11] play an important role in the progression of
MSOF in ANP, the mechanisms of the development of
this disease remain obscure.
Like what happens in other inflammatory diseases,
reactive oxygen species are generated in the early stage of
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Figure 3 Expression of NF-κB p65 mRNA in pancreatic tissue (DAB, original

magnification, ×400). A: Control group; B: ANP group; C: PDTC group.

NF-κB is a kind of pleiotropic regulative protein of
transcription. Its activation takes part in the pathogenesis
of ANP. Inhibition of the action can ameliorate the rat
ANP[13,14]. NF-κB is also capable of regulating the expression
of multiple inflammatory genes, such as tumor necrosis
factor α (TNF-α), interleukin-6,8 (IL-6,8), and iNOS[15].
Over-expressions of these discussed genes, however, can
cause damage to the pancreatic and extra-pancreatic tissues
in ANP. NF-κB activation does relate to the reactive oxygen
species in ANP.
Our study provides evidence that the injection of sodium
taurocholate can cause ANP, with manifestation of the rise
of serum amylase and NO, MDA level, damage to pancreas,
inflammatory infiltration, and the decrease of SOD.
Hybridization in situ and immunohistochemical results
suggest that NF-κB is activated immediately at the onset
of ANP, accompanied by high expression of iNOS. And
there is otherwise no expression of NF-κB and iNOS under
physiological conditions. The lower expression of NF-κB
p65 subunit mRNA in PDTC group indicates that the
administration of PDTC may inhibit the NF-κB activation.
PDTC also leads to lower increase in serum amylase and
slighter histological damage to pancreas. All these results
are consistent with previous studies, substantiating that NFκB activation is involved in the pathogenesis of ANP, and
inhibition of the activation may reverse rat ANP [13,14].
Compared with those in ANP group, the NO and MDA
level decreases, SOD level increases, and iNOS expression
decreases. It is the increase of iNOS expression that
aggravates ANP. Expression of iNOS is regulated by NFκB activation and inhibition of the activation may reduce
iNOS expression, thus relieve ANP. Correlation among NFκB activation, NO, MDA, SOD level, tissue damage, and
iNOS expression suggests a key role of NF-κB activation
in the pathogenesis of ANP model. By inhibiting iNOS
expression, NF-κB activation sets back over-production of
reactive oxygen species like NO, therefore it reverses the
damage of ANP to rats.
We may finally draw the conclusion from the above
study that NF-κB activation in rat ANP may reduce overproduction of reactive oxygen species, thus ameliorate the

severity of ANP, all of which is achieved by inhibiting iNOS
expression. The drug that can inhibit the activation of
NF-κB may become a way of the therapy of ANP.
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Abstract
Hemangiopericytoma is a rare tumor especially when it rises
in the peritoneal cavity. We present a case of a 60-year-old
woman with an isolated recurrent hemangiopericytoma
of the liver. The patient presented with a palpable right
upper quadrant abdominal mass, which occurred 7 years
after undergoing resection of a malignant hemangiopericytoma arising from the greater omentum. She had
not followed up 6 mo after surgery. Various imaging studies
showed a single large, well-capsulated liver tumor with
central necrosis, accompanied by hypervascularity typical
of a vascular tumor. Preoperative laboratory HBsAg and
anti-HCV workup were both negative. Under the impression
of recurrent malignant hemangiopericytoma, right trisegmentectomy was performed to completely resect the
tumor. Pathological examination confirmed the diagnosis
of recurrent hemangiopericytoma. Even though the incidence
of the hemangiopericytoma is relatively low, malignant
hemangiopericytoma has a tendency to recur frequently
after a long-term disease-free interval. Also, the recurrent
hemangiopericytoma is not easily detected early during
follow-up until it becomes symptomatic because there are
no specific tumor markers, and because of the diversity with
regard to site of recurrence. The authors suggest that Positron
Emission Tomogram (PET) may be a useful tool for the
detection of recurrent hemangiopericytoma. We describe
herein some characteristics and behaviors of malignant
hemangiopericytoma, particularly after surgical resection.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Hemangiopericytoma; Greater omentum; Hepatic
metastasis; Follow-up; Positron emission tomography
Kim BW, Wang HJ, Jeong IH, Ahn SI, Kim MW. Metastatic
liver cancer: A rare case. World J Gastroenterol 2005; 11
(27): 4281-4284

http://www.wjgnet.com/1007-9327/11/4281.asp

INTRODUCTION
Hemangiopericytoma was first described in 1942 by Stout

and Murray, and approximately 1 000 cases have been
reported to date in the literature. Hemangiopericytomas arise
from the pericyte of Zimmermann, and although it may
occur in any part of the human body, the frequency of
occurrence has been reported to be the lower extremities,
pelvic cavity, retro-peritoneum, thoracic cavity, and upper
extremities, in descending order. Most tumors have been
reported to occur in the deep portions of the body, and
those arising within the peritoneum are rare[1]. Generally,
although hemangiopericytomas arising in the peritoneal cavity
show better prognosis compared to adenocarcinomas that
occur in the gastrointestinal tract, surgery seems to be the
only effective mode of therapy.
Histologically benign hemangiopericytomas are known
to be curable by complete surgical resection, while the
malignant type, albeit characterized by slow growth, has been
known to recur frequently after curative surgical resection.
Another reported characteristic of hemangiopericytomas
is the development of non-islet-cell-tumor hypoglycemia in
the latter phase of the natural course[1], and this has been
related to the production of the insulin-like growth factor
II by the tumor[2,3]. Malignant hemangiopericytomas are
characterized by an indolent rate of growth, but recurrence
has been demonstrated in more than half of the cases which
had been followed up. In addition, the diversity of the sites
of recurrence via hematological and lymphatic routes and lack
of specific tumor markers has contributed to the difficulty
in detecting recurrent disease. The lungs have been shown
to be the most common distal site of recurrence, while other
sites include the brain, scalp, chest wall, liver, subcutaneous
lymph node, gastrointestinal tract, and ovaries[4,5].
The authors report a surgically treated case of hemangiopericytoma of the greater omentum, and which recurred
as a metachronous solitary liver metastasis 7 years after
complete resection. We also suggest the employment of
the positron emission tomography (PET) method as a useful
tool in the post-operative follow-up of patients with a history
of hemangiopericytomas, as there is no other definite
established mode of follow-up.

CASE REPORT
A gravida 6, para 5, at present 60-years old, female patient
had presented with a palpable lower abdominal mass referred
initially from a private gynecologic clinic in March 1997,
under the impression of a myoma of the uterus. Her past
gynecologic history showed that she had entered menopause
at 49 years of age. Physical examination showed a mobile,
solid mass in the lower abdomen. Transvaginal ultrasonography
demonstrated that the mass did not originate from the
uterus. A magnetic resonance imaging was performed to
determine if the mass was of ovarian origin, and which
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showed that an 8 cm sized, solitary mass of unknown origin
was present in the pelvic cavity. There was no evidence of
lymph node enlargement. The tumor markers β-HCG,
CA19-9, CA-125, CEA were all within the normal range.
The patient subsequently underwent exploratory laparotomy
under the impression of a possible ovarian malignancy, upon
which a 10 cm×8 cm×7 cm mass originating from the greater
omentum was observed. There was no gross evidence of
other pathology such as surrounding adhesions or lymph
node pathology, and the patient consequently underwent
tumor excision including a portion of the omentum. Pathologic
examination revealed necrosis in the central portion of the
tumor, atypical hyperplasia of spindle-shaped tumor cells,
and five mitoses per 10 HPF, suggestive of a malignant
hemangiopericytoma. The patient was discharged 7 d after
surgery and no further adjuvant anti-cancer therapy was
administered. She had not followed up 6 mo after surgery.
The patient was asymptomatic until October 2004, when
she began to complain of a palpable right upper quadrant
mass, and she visited our department for evaluation. Initial
abdominal computerized tomography (CT) demonstrated
a large mass in the right hepatic lobe. To ascertain whether
this lesion was a possible hepatocellular carcinoma, a
common cause of liver tumors in Korea, viral marker studies
were conducted, and which showed HBsAg (-), anti-HBs
(+), anti-HBc (+), and anti-HCV (-). Also, the tumor markers
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AFP, CEA, CA19-9, and CA125 were all within normal
limits. Plain chest X-ray was also normal.
Abdominal CT scan showed that the tumor was of a
hypervascular nature, with active contrasting from the
periphery of the tumor in the arterial phase, and remaining
contrast in the delayed phase suggesting a tumor of vascular
origin. The hepatic artery angiogram confirmed that the
tumor was hypervascular, with vessels from major arteries
providing branches surrounding and entering into the deep
portions of the tumor (Figure 1). These findings were highly
suggestive of a recurrent malignant hemangiopericytoma.
To determine the presence of any distant metastatic lesion,
a head and neck CT (normal) was performed, while the
18
F-FDG PET scan showed a standardized uptake value
(SUV) of 4.8 in the right hepatic lobe indicative of 18FFDG uptake. There were no other suspicious sites other
than the liver (Figure 2). The patient therefore underwent
laparotomy and right trisegmentectomy of the liver under
the impression of recurrent malignant hemangiopericytoma.
Gross findings showed a 15 cm, large solitary sarcomatous
lesion with central necrosis. Microscopic examination of
the tumor confirmed the presence of malignant hemangiopericytoma identical to that of the lesion of 1997, with
free resection margins (Figures 3 and 4). The patient was
discharged on the 20th postoperative day without complications.

B

A

Figure 1 A: Liver CT scan showed a huge tumor in the right lobe of the liver with
enhancement from the periphery in the arterial phase; B: The hepatic arteriogram

A
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demonstrated numerous feeding vessels surrounding and entering into the tumor. The
patient had variation of the right hepatic artery from the superior mesenteric artery.

B

Figure 2 A: 18F-FDG PET showed high uptake at the tumor without any distant
lesions. The silent area in the center of the tumor suggests central necrosis
(arrow); B: The highest uptake area measured 4.8 SUV (red line mark).

Figure 3 Resected specimen showed a huge single tumor with sarcomatous
consistency. The margin was irregular because of the constrictive envelopment
of feeding vessels. The central necrosis is indicated (arrow).

Kim BW et al. Hemangiopericytoma

Figure 4 Microscopic examination demonstrated numerous atypical vessels
(stag-horn appearance) in the high population of spindle-shaped tumor cells. A
mitotic figure is seen (arrow), H&E, ×200.

DISCUSSION
Hemangiopericytomas primarily occurring in the abdominal
cavity are very rare, and only 12 cases in the world-wide
literature have reported those occurring in the greater
omentum. It is thought that surgical removal of the tumor is
the most effective mode of therapy for hemangiopericytomas,
but as yet there is no established range of surgical resection
for malignant types that occur in the abdomen. As demonstrated
in our case, in light of the fact that secondary surgery
confirmed recurrent metastatic liver tumor 7 years after
initial simple excision, and that there was no local recurrence
in the omentum and the peritoneal cavity, we do not feel
that complete anatomical removal of the total greater
omentum would lead to superior prognosis compared to
simple excision only. This finding is similar to previously
reported cases of greater omental hemangiopericytomas[6].
Grossly, malignant hemangiopericytomas have been
reported usually as a solitary lesion, but in some series, several
hundred, multiple nodules have also been observed[7]. In
most cases, the tumor is observed as smoothly encapsulated,
while the areas where the vessels enter into the tumor surface
are characterized as irregular due to local tumor retraction.
As hemangiopericytomas are hypervascular tumors,
angiography demonstrates a feature of numerous feeding
vessels surrounding and entering into the tumor, sometimes
being observed as multiple cork-screw type feeding vessels.
These findings, however, are not common findings, and
are not highly regarded as a distinctive diagnostic feature[8,9].
Moreover, it is difficult to ascertain both a diagnosis of
hemangiopericytoma and malignant characteristic with these
radiological and gross findings alone.
Microscopic observation of H&E staining demonstrates
numerous neovascularized vessels within a highly
concentrated area of tumor cells, and which also frequently
show a stag-horn feature. The tumor cells are mostly
spindle-shaped, but may be spherical or other shapes,
the nuclear to cytoplasm ratio is increased, while the
cytoplasm is pale staining. Differential diagnosis
includes glomus tumor, fibrous histiocytoma, synovial
sarcoma, and mesenchymal sarcoma, and advances in
immunohistochemical techniques usually allows
differentiation from a malignant hemangiopericytoma. It
has been reported in the previous literature that malignant
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hemangiopericytomas comprise about half of all cases, and
that after local excision and long-ter m follow-up,
approximately 60% of patients experience local or distant
recurrence[4]. The disease-free interval has been reported
to vary markedly between 2 mo and 26 years[10]. Specific
features that qualify a hemangiopericytoma as a malignant
lesion are more than four mitoses per 10 HPF, pleomorphic
cells with abnormal chromatin pattern, and accompanied
by either central tumor necrosis or intra-tumoral hemorrhage.
Observations of previous data regarding hemangiopericytomas arising in the greater omentum have shown
that the presence of more than four mitoses per 10 HPF is
closely related to recurrence of disease. Also, the number
of increased mitoses has also been suggested to be related
with increased tumor size, and that tumors of more than
20 cm in diameter imply poor prognosis[6].
Other modes of therapy for malignant hemangiopericytoma
may consist of anticancer chemotherapy and radiotherapy
for residual or metastatic tumors[11,12], and these are usually
the preferred mode of adjuvant therapy after surgery
because of limited efficacy.
From the clinical perspective, compared to other
common malignant tumors of the gastrointestinal tract,
malignant hemangiopericytomas have a comparatively longer
disease-free interval after surgical resection and an indolent
natural history[13]. However, it should be mentioned that in
many cases of recurrent disease after a long disease-free
interval, it is common that either the qualified gastrointestinal
surgeon concludes that the disease has been completely
cured after a certain length of follow-up, or that the patient
refuses further follow-up. This is also reflected in our case,
whereby the patient presented with a recurred large intraabdominal mass, or with related cancer symptoms such as
hypoglycemia.
Another difficulty involving postoperative management
of hemangiopericytoma is that since there is no established
follow-up protocol after surgery, the length of follow-up
and the diagnostic methods employed varies from surgeon
to surgeon. Moreover, the absence of specific tumor markers
makes it all the more difficult to detect recurrent disease.
The authors of this study suggest that the PET scan is a
valid, non-invasive diagnostic procedure in the ascertainment
of recurrent malignant hemangiopericytoma. This may be
particularly true in patients where if the preoperative PET
demonstrates a hemangiopericytoma, the presence of a
recurrent tumor of a similar character will be detected by
PET in the follow-up. However, it should be noted that
there may be differences in the degree of uptake between
histologically identical hemangiopericytomas. In our case
18
F-FDG uptake was increased within the tumor, but other
series have shown that 11C-methionine and 15O-H2O uptake
was increased rather than 18F-FDG[14]. That report is different
from ours, so we think further evaluations about useful
radio-isotope of PET for malignant hemangiopericytoma
are needed. Another study suggested the correlation between
the high uptake of 18F-FDG in hemangiopericytomas and
poor prognosis[15]. Consequently, it is the opinion of the authors
that such variable uptakes by malignant hemangiopericytoma
as seen in PET scans contribute more to the detection of
recurrent disease after surgical removal, rather than to the
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establishment of preoperative differential diagnosis. Also,
the PET scans the whole body, and therefore allows detection
of recurrent hemangiopericytoma, which has a wide pattern
of recurrence.
In conclusion, although the pattern of recurrent malignant
hemangiopericytoma is diverse, surgical intervention after
early detection may allow another long disease-free period.
For this to be accomplished, long-term follow-up is
imperative, and we suggest that yearly PET scans are useful
in attaining this goal.
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commonly treated with chemotherapy alone or in
combination with radiation therapy to avoid long-term
sequelae after gastric resection[1,2]. Although gastrointestinal
bleeding during chemotherapy has been observed in only 3%
of cases[2], it is a definite cause of mortality. However, only
emergency gastrectomy may be able to rescue patients with
neutropenia and thrombocytopenia after chemotherapy[3].
Endoscopic hemostasis has been established as a firstline treatment for acute bleeding in all patients with peptic
ulcer. Among various methods employed, injection with pure
ethanol or the use of hemostatic clips is one of the most
effective treatments for achieving definitive hemostasis[4-8].
However, there has been only one report describing a case
of successful endoscopic hemostasis for bleeding from
lymphoma in the stomach. However, this case underwent
hemostatic treatment before chemotherapy[9].
Our report concerns an elderly patient with gastric bleeding
due to invasion of lymphoma after standard chemotherapy.
Although this patient was considered inoperable before
chemotherapy, we managed to achieve hemostasis by
injecting pure ethanol and using hemostatic clips.

Abstract
A 75-year-old male with malignant lymphoma (ML)
accompanied with gastric lesion was treated with
combination chemotherapy. The patient produced tarry
stool on the 4th d, and emergency gastroscopy showed
arterial bleeding from the lesion. Hemostasis was achieved
by injecting pure ethanol and using hemostatic clips. There
is only one previous report on endoscopic hemostasis
being effective for bleeding due to lymphoma. Since gastric
bleeding causes significant mortality, endoscopic hemostasis
should be considered as first-line treatment for ML patients
who were treated with chemotherapy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Patients with stage I-II primary gastric lymphoma are

CASE REPORT
A 75-year-old man was admitted to our hospital in January
2004 because of lumbar pain. Computed tomography
detected a huge mass at the kidney and swelling of the
paraaortic lymph nodes. He was diagnosed as having renal
cell carcinoma with lymph node invasion and underwent
surgical treatment in March. However, the swelling of the
lymph nodes was histologically diagnosed as diffuse large
B-cell lymphoma (DLBCL), and because 67Ga-citrate
scintigraphy showed uptake at the stomach, we performed
upper gastrointestinal endoscopy. An ulcerative lesion was
detected in the upper body (Figure 1), which, although
suspected of being invasion of lymphoma, a biopsy sample
showed to be a benign ulcer. Because there were no other signs
of lymphoma, the patient was treated with interferon therapy
for renal cell carcinoma as adjuvant therapy. Omeprazole
and cimetidine were administered for the gastric lesion. After
2 mo, multiple superficial lymph node swelling was observed.
Biopsy of the cervical lymph node indicated recurrence of
DLBCL, but because our patient was considered inoperable,
we started CHOP therapy (cyclophosphamide, adriamycin,
vincristine, and prednisolone) on 6th July. However, the patient
produced massive tarry stool on d 4, resulting in a drop in
the hemoglobin level to 44 g/L. Emergency endoscopy was
performed that detected arterial bleeding from the ulcerative
lesion in the upper body (Figure 2).
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The condition had not changed since the previous
examination in spite of the treatment with antipeptic agents.
Ethanol injections (0.1 mL at a time) into the surrounding
tissue close to the bleeding vessels, at a few injecting sites
2 mm from the bleeding vessels, suppressed the pulsatile
bleeding, and definitive hemostasis was achieved with the
concomitant use of hemostatic clips. During the following
2 weeks, the ulcerative lesions became smaller and no further
bleeding was detected (Figure 3).
The second biopsy samples were histologically compatible
with lymphoma.

DISCUSSION
This report concerns a patient with arterial bleeding from
the stomach due to lymphoma invasion. We had considered
surgical resection of the stomach before chemotherapy to
avoid bleeding, but we performed chemotherapy as first
treatment instead, because surgery was considered to carry
serious risks. The reasons for these were that (1) the patient
had previously undergone laparotomy for renal cell
carcinoma and adhesion of viscera was suspected to be
severe, (2) paraaortic lymph nodes were swollen making it
difficult to create anastomoses for a gastroduodenostomy,
and (3) lymphoma was expected to progress rapidly during
recovery from the operation.
Because the mechanism of hemostasis is thought to
consist of solidification caused by vascular shrinking
resulting from the direct action of ethanol and degeneration
of the vascular endothelial cells, there is good reason for
attempting endoscopic hemostasis for bleeding due to
lymphoma. We successfully achieved hemostasis with ethanol
injection and clips, although the fundus of the ulcer remained
fragile due to necrosis of the lymphoma after chemotherapy.
Because lymphoma is curable with chemotherapy alone,
endoscopic hemostasis should be considered as a first-line
treatment for bleeding due to lymphoma.

Figure 1 Giant ulcer at cardia of stomach.
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Abstract
Ciliated hepatic foregut cyst (CHFC) is a very rare cystic
lesion of the liver that is histologically similar to
bronchogenic cyst. We report one case of CHFC that was
hard to distinguish from solid-cystic neoplasm in imaging
features. Magnetic resonance imaging was helpful in
differentiating these cysts from other lesions.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ciliated hepatic foregut cyst (CHFC) is a very rare, benign
and solitary cyst[1,2]. It is most often unilocular[2]. To our
knowledge, 5 cases of CHFC were reported in the 19 th
century, 53 cases in the 20th century and 5 cases in the 21st
and its medical imaging findings are seldom reported[1,3].
It is difficult to differentiate the CHFC from malignant
tumor[1,4,5]. Herein, we present the radiologic features from
one CHFC that was not similar to other nonparasitic cysts,
but rather mimicked cystic-solid mass of the liver on the
images obtained.
CASE REPORT
A 30-year-old man presented with a 5-mo history of left
upper abdominal discomfort and mild fatigue. Physical
examination and laboratory studies had no positive findings
including hepatitis.
A plain radiograph of the abdomen was normal.
Sonographic examination revealed a well-delineated
hypoechoic mass, 3 cm×4 cm in size, in the liver. It was
located in the medial segment of the left lobe (segment IV),

just adjacent to the surface of the liver. Unenhanced
computed tomographic (CT) scan was obtained, and the
lesion appeared slightly hypoattenuating relative to
surrounding liver parenchyma (Figure 1A). The attenuation
value of the lesion was 47 HU. At contrast materialenhanced CT, this lesion was not enhanced and appeared
slightly hypoattenuating with well-defined margin (Figure 1B).
On delayed CT scan, it had still no enhancement. Magnetic
resonance (MR) imaging at 1.5 T was performed for more
detailed examination. The lesion appeared isointense relative
to surrounding liver parenchyma on T1-weighted imaging
(Figure 1C) and markedly homogeneously hyperintense on
T2-weighted imaging (Figure 1D). It was also not enhanced
after Gd-DTPA administration (Figure 1E).
The lesion was resected surgically because the possibility
of hypovascular neoplasm could not be excluded completely
according to the imaging. The resected specimen revealed
an unilocular cystic lesion containing a mucinous fluid.
On pathologic examination, the cyst had a fibrous wall
lined by ciliated pseudostratified columnar epithelial cells,
which was consistent with a CHFC (Figure 1F).

DISCUSSION
The histogenesis of CHFC is still unclear, but most authors
consider that it arises from the embryonic foregut in the
liver[1,2,5]. CHFC is usually a benign, solitary cyst consisting
of a ciliated pseudostratified columnar epithelium, a
subepithelial connective tissue layer, a smooth muscle layer
and an outer fibrous capsule[2,6]. It is often smaller than 3 cm
in diameter and found most commonly in the medial
segment of the left hepatic lobe, just beneath the hepatic
surface[5,7]. CHFC is not actually a neoplasm and usually
found incidentally on radiologic imaging during surgical
exploration or autopsy. It is mostly asymptomatic and surgical
resection should be avoided[5]. However, on the other hand,
it was reported recently that one case causes portal vein
compression and the other shows malignant transformation
through squamous metaplasia (it is not surprising to find
squamous mucosa because tracheobronchial tree derives
from the embryologic foregut), which warns to examine
CHFC cautiously [8,9] , and suggests that a large-sized
symptomatic CHFC should be excised, especially when
radiologic studies yield equivocal results[10].
Generally CHFC is a well-delineated anechoic or slightly
hypoechoic small mass on ultrasonography. Because CHFC
can contain various elements ranging from clear serous
material to milky white to brown mucoid material, and these
have variable viscosities, and the different CT attenuation
numbers can be shown[5]. The lesion can be hypoattenuating
as our case or isoattenuating relative to surrounding liver
parenchyma at unenhanced CT. Even it has very high
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Figure 1 CHFC in a 30-year-old man. A: Unenhanced CT scan shows a
slightly hypoattenuating (47 HU) mass in the medial segment beneath the
hepatic surface; B: On enhanced CT scan, a well-defined hypoattenuating
mass is revealed with no enhancement; C: On axial T1-weighted imaging, the
lesion appears isointense relative to surrounding liver parenchyma; D: Axial

T2-weighted imaging shows markedly homogeneously hyperintense mass in
the left liver; E: Enhanced T1-weighted imaging delineates slightly hypointense
mass just beneath the hepatic surface; F: Photomicrograph reveals a cyst lined
by ciliated pseudostratified columnar epithelial cells (HE ×400).

attenuation numbers because the lesion contains calcium[5].
All the CHFCs have no enhancement after injection of
contrast materials, which is one of the characteristics of
CHFC and has significance in the differential diagnosis. On
MR imaging, all lesions are hyperintense on T2-weighted
sequences. However, on T1-weighted images, they may be
hypointense, isointense, or hyperintense according to the
various elements the lesions contain, including clear serous
material or milky white or brown mucous with abundant
protein and lipid sometimes[5,11,12].
When a CHFC appears hypoechoic at US and the
attenuation at CT ranges from that of soft tissue to very
high attenuation, it is hard to differentiate the CHFC from
a solid lesion. However, MR imaging is found to be useful
in differential diagnosis, especially on T2-weighted imaging.
When a CHFC is demonstrated as anechoic lesion at US,

cystadenoma may be included in the differential diagnosis
because the lesion may be malignant. Differential points
are that cystadenomas are usually multilocular and sometimes
reveal mural nodules, and these features are well revealed
on radiologic imaging[5].
CHFC occurs more frequently in men and is found
most commonly in the medial segment of the left hepatic
lobe just beneath the hepatic surface, unlike most other
solitary cysts that show a female predominance and greater
occurrence in the right hepatic lobe [7]. Therefore, this
location is also one of the characteristics of CHFC and
probably an important diagnostic consideration. Meanwhile,
MRI is helpful to differentiate CHFC from other solitary
cysts that usually show markedly homogeneously hypointense
on T1-weighted imaging.
In conclusion, when a well-demarcated subcapsular
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lesion of the left hepatic lobe with the varied internal
appearance as we described above is demonstrated, CHFC
should be considered.
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Abstract
Uncomplicated reflux disease comprises the non-erosive
reflux disease (NERD) and erosive reflux disease (ERD).
The objectives of treatment are the adequate control of
symptoms with restoration of quality of life, healing of
lesions and prevention of relapse. Treatment of NERD
consists in the administration of proton pump inhibitors
(PPI) for 2-4 wk, although patients with NERD show an
overall poorer response to PPI treatment than patients
with ERD owing to the fact that patients with NERD do not
form a pathophysiologically homogenous group. For
long-term management on-demand treatment with a PPI
is probably the best option. In patients with ERD, therapy
with a standard dose PPI for 4-8 wk is always recommended.
Long-term treatment of ERD is applied either intermittently
or as continuous maintenance treatment with an attempt
to reduce the daily dosage of the PPI (step-down principle).
In selected patients requiring long-term PPI treatment,
antireflux surgery is an alternative option. In patients with
troublesome reflux symptoms and without alarming
features empirical PPI therapy is another option for initial
management. Therapy should be withdrawn after initial
success. In the case of relapse, the long-term care
depends on a careful risk assessment and the response
to PPI therapy.

of patients with GERD, the disease does not lead to
complications, instead presents with often severe symptoms.
Some 60% of patients in primary care with troublesome
reflux symptoms have no endoscopically recognizable lesions
of the esophageal mucosa, 35% have erosive esophagitis
(75% of which are mild, corresponding to Los Angeles A/B,
and 25% severe, corresponding to Los Angeles C/D). In
about 5% of the patients, complications, such as stricture,
ulcer and in particular Barrett’s esophagus or even
adenocarcinoma, must be expected (Figure 1)[2]. Epidemiological
data support the hypothesis that GERD is not a spectrum
disease with occasional reflux symptoms but no lesions at
the one end, and severe complications at the other, but can
instead be classified into three distinct categories-nonerosive
reflux disease (NERD)-erosive reflux disease (ERD), and
Barrett’s esophagus-in each of which the respective patient
remains, that is, progression of the disease over time is,
overall, very rare [3]. This category model of GERD is
supported by the latest data from a large prospective
European study (ProGERD) involving more than 6 000
patients with NERD and ERD: the rate of progression (to
severe esophagitis or Barretts’) for patients with NERD
and mild erosive esophagitis (Los Angeles A/B) was less
than 1% per year (Labenz et al., unpublished data).

~60%
NERD

GERD
~35%
ERD

~5%
CRD

NERD: Non-erosive reflux disease
ERD: Erosive reflux disease
CRD: Complicated reflux disease
(Ulcer, stricture, Barrett’s, cancer)

Figure 1 GERD-a categorical disease with three distinct entities [after 2,3].

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) is a common
condition affecting approximately 10-20% of the adult
population of industrialized countries[1]. In the great majority

INITIAL MANAGEMENT OF GERD
Uncomplicated reflux disease comprises the non-erosive
form, that is, symptoms that impact negatively on the patient’s
quality of life, but which are not associated with endoscopic
evidence of mucosal breaks in the esophagus, and erosive
reflux esophagitis of varying degrees of severity, e.g. grades
A-D in the Los Angeles classification[4].
Contrary to commonly held beliefs, symptom evaluation
is the most important assessment for the initial phase of
GERD management[5], although an evidence-based analysis
of symptoms is hardly possible[6]. Characteristic symptoms
are heartburn and acid regurgitation[6]. However, these
symptoms are predictive of GERD in only 70% of the
patients, even in cases with an unequivocal history[7]. It must
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be emphasized that there is no diagnostic gold standard
for GERD: endoscopy has a sensitivity of only 30-40%,
microscopic features such as dilated intracellular spaces and
regenerative changes in the absence of endoscopically visible
mucosal breaks of the squamous epithelium in the distal
esophagus are currently not sufficiently validated, and
pH-monitoring is far from being a diagnostic gold standard,
since 30-60% of patients with NERD, as well as 10-20%
of those with ERD, have normal results of 24-h pHmonitoring, and intra-individual comparisons have also shown
that pH-metry is subject to appreciable fluctuations[4,8].
Moreover, there is consistent observation that there is
virtually no correlation between the severity of endoscopic
findings and symptom severity (Figure 2) [9]. All these
aspects have an important impact on the clinical
management of GERD which is distinct in the initial phase
and long-term care.
Basic goals of treatment are:
- to provide complete, or at least sufficient, control
of symptoms,
- to maintain symptomatic remission,
- to heal underlying esophagitis and maintain endoscopic
remission, and
- to treat or, ideally, prevent complications.
Adequate control of symptoms is considered to have
been achieved when mild reflux symptoms occur at most
once a week-more frequent or more pronounced complaints
are not accepted as satisfactory by the patient[10]. Initially, a
symptom-based diagnosis is established, and an individual
risk assessment made (Figure 3). If such alarming symptoms
such as dysphagia, unintended weight loss and/or signs of
bleeding are present, an endoscopic examination is
mandatory, with further management dictated by the
endoscopic findings. Other indications for endoscopy at this
point in time may include, for example, a family history of
upper gastrointestinal tract malignancies, a long prior history
of severe complaints, age over 50 years, use of NSAIDs,
and a positive Helicobacter pylori status[11]. Otherwise, empirical
therapy can be offered (Figure 3). Withholding endoscopy
in the initial phase is, of course, associated with the
theoretical risk that serious complications of GERD or other
significant pathologies in the upper gastrointestinal tract
mimicking the symptoms of reflux disease may be
overlooked or recognized too late. On the other hand,
given the facts that GERD is extremely common, and
complications are generally rare, endoscopic evaluation of
all patients with GERD is hardly justifiable, especially
since an endoscopy-based management strategy has not
been subjected to appropriate evaluation. In a cross-sectional
study from Finland the detection rate of serious complications
of GERD did not differ between regions with low and
those with high referral to endoscopy[12]. Considering that
most patients have mild GERD and that the disease is not
progressive over time, restricted use of endoscopy does
not appear to put the patients at risk. However, the economic
impact of different diagnostic strategies on expense remains
to be established, at least in countries with low endoscopy
costs[13]. A recent study in 742 patients with uncomplicated
GERD showed no correlation between endoscopic findings
and subsequent therapeutic decisions[14]. Further arguments
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for a primarily symptom-driven strategy are that the ultimate
benchmark for the clinical efficacy of treatment of GERD
is patient satisfaction and that accurate determination of
esophagitis requires the withholding of therapy before
endoscopy, which in many cases is not possible[15].
For the sake of simplicity, the following sections first
discuss the initial and long-term treatment of patients with
NERD and ERD (endoscopy-based approach), and then
consider the management of uninvestigated GERD, which
is doubtless the more common treatment that is applied in
the clinical setting.
%
100

Severity of symptoms
Severe

80

Moderately severe
Moderate

60

Mild

40
20
0

NERD
n = 2 853

ERD
2 660

Barrett
702

Figure 2 No correlation between endoscopic findings and symptom severity
in patients with GERD[9].

Symptom-based
diagnosis

Alarm
features
Risk
Endoscopy
assessment

NERD

ERD

CRD
Empirical
therapy

Figure 3 Initial management of patients with symptoms suggestive of GERD.

TREA
TMENT OF NERD
TREATMENT
While NERD is the most common manifestation of
reflux disease, patients with this entity do not form a
pathophysiologically homogeneous group. A differentiation
can be made between patients with unequivocally pathological
acid reflux, patients with an acid-sensitive (hypersensitive)
esophagus, which means that more than 50% of the
symptomatic episodes were associated with acid reflux
(positive symptom index), and those with symptoms that
are independent of acid-reflux events (functional
heartburn)[8,16]. This latter category explains the observation
that patients with NERD did not respond as well to acid
suppressants as patients with erosive esophagitis do[17,18].
Possible pathophysiological causes of functional heartburn
include non-acid reflux (liquid, gas, mixed), minute changes
in the esophageal acidity above a pH of 4, motility
disorders such as sustained contractions of the longitudinal
musculature, visceral hypersensitivity, and emotional and
psychological abnormalities[19].
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Initial therapy of NERD
Initially, patients should receive a proton pump inhibitor
(PPI) for 2-4 wk (Figure 4). The effect of other substances
such as H 2 blockers or prokinetic drugs is hardly better
than that of placebo[20]. In a large, placebo-controlled study,
a dose-response relationship was established for omeprazole:
omeprazole 20 mg proved to be more effective than omeprazole
10 mg[21]. In a further controlled study, lansoprazole 30 mg
was no more effective than lansoprazole 15 mg [22]. The
S-isomer of omeprazole, esomeprazole, was investigated
in two large, double-blind, multicenter studies involving
patients with NERD[23]. Esomeprazole at a dose of 20 and
40 mg per day proved more effective than placebo, but a
dose-response effect could not be shown. Three further
randomized, double-blind, multicenter studies involving a
total of more than 2 600 patients with NERD treated for
4 wk with omeprazole 20 mg, and esomeprazole 20 or 40 mg
revealed comparable success rates (resolution of symptoms
in 60-70% of the patients)[24]. Assessment of the response
to treatment in studies like these are greatly influenced by
the target criterion (e.g. complete elimination of symptoms,
satisfactory symptom control), so that the studies can hardly
be compared. From the above remarks it may be concluded
that appropriately dosed PPI treatment can achieve a
satisfactory initial response in some two-thirds of the
patients. If initial treatment with 4 wk of PPI fails to elicit
adequate symptom control (Figure 4), increasing the PPI
dose (e.g. standard dose PPI twice daily) is recommended,
since studies have shown that patients with acid-sensitive
esophagus respond better to a high PPI dose [25-27] . In
non-responders to appropriate PPI treatment, it is
recommended that esophageal pH-monitoring be performed
during PPI therapy and, if symptomatic acid reflux can be
excluded, to discontinue PPI therapy and initiate a trial with
a low-dose tricyclic antidepressant at bedtime[28]. Potential
therapeutic options for the future might be serotonin
reuptake inhibitors, kappa agonists and substances with an
impact on transient sphincter relaxation such as baclofen.
Symptom
resolution On-demand
therapy

PPI for 2 to 4 wk

NERD

of different options are available: continuous maintenance
therapy starting with a PPI and subsequent attempts to step
down to lower dosages of the PPI or even less potent drugs
(Figure 5)[5], intermittent courses of treatment for 2-4 wk
with initially successful PPI[30], and patient-controlled ondemand therapy with a PPI[11]. On-demand therapy means
that the patient himself determines both the start and the
end of treatment. Medication should be discontinued when
the symptoms have been eliminated. This last option in
particular, has met with great interest in recent years on
account of its potential economic advantages [31,32]. In a
first large randomized, controlled study lasting 6 mo,
Lind et al., were able to show that more than 80% of the
patients were satisfactorily treated with an on-demand
strategy employing omeprazole 20 mg[33]. In this study,
omeprazole 20 mg proved more effective than omeprazole
10 mg. The convincing efficacy of this new treatment option
was then confirmed with esomeprazole 20 mg[34,35]. All these
studies also showed that roughly one-half of these patients
were satisfactorily treatable with placebo medication and
the use of antacids as required. In a recently presented
randomized, open international multicenter study involving
598 patients, on-demand treatment with esomeprazole
20 mg was compared with continuous treatment with
esomeprazole 20 mg o.d. in patients with NERD[36]. The
vast majority of patients in both treatment groups were
satisfied with the regimen, and medication consumption was
considerably lower in the on-demand therapy arm (average
consumption: 0.41 vs 0.91 tablets per day). However, the
final endoscopic examination revealed mild erosive
esophagitis (Los Angeles A: n = 14; Los Angeles B: n = 1) in
5% of the patients receiving on-demand treatment, while
none of the patients on continuous treatment had this
finding. From the viewpoint of a clinician, this observation
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Figure 4 Initial therapy and long-term care of patients with NERD.
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If initial treatment is successful, medication should be
discontinued, since 25% (or more) of the patients may
remain in remission over prolonged periods of time[29], and
this clinical entity does not appear to necessitate measures
aimed at preventing complications. In the event of a relapse,
indicating the need for long-term management, a number
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and moderate to severe esophagitis (B)[after 4,5].
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occasions no major concern, since alternation between the
categories NERD and mild ERD (corresponding to Los
Angeles A and B) often occurs during the spontaneous
course of the disease. In another large scale study, 622
patients with NERD were randomized to esomeprazole
20 mg on demand or lansoprazole 15 mg o.d. for 6 mo
after an initial successful treatment with esomeprazole[37].
Based on the target criterion “willingness to continue”
on-demand treatment was superior to continuous treatment
(93% vs 88%; P = 0.02). Patients on continuous treatment
complained more often about heartburn and adverse events,
the main reasons for “unwillingness to continue”. Other
PPIs (lansoprazole, pantoprazole, rabeprazole) have also
proven their superiority to placebo in on-demand treatment
in individual studies[11]. Head-to-head comparisons between
various PPIs are, however, lacking, so that a comparative
assessment is not possible.

TREA
TMENT OF ERD
TREATMENT
Erosive reflux esophagitis can be found in about 30-40%
of GERD patients[2]. Endoscopically, reflux esophagitis is
categorized into various degrees of severity. In recent years,
and especially in therapeutic studies, the Los Angeles
classification in particular has been applied [38,39]. This
distinguishes the four degrees of severity A-D (A: mucosal
breaks of less than 5 mm on the top of folds; B: mucosal
breaks >5 mm in extent on mucosal folds; C: circumferential
spreading of mucosal breaks involving less than 75% of
the circumference; D: mucosal breaks involving more than
75% of the circumference). The gradings A and B
correspond to mild to moderate esophagitis and C and D
to moderate to severe esophagitis. One fourth of patients
with erosive esophagitis are categorized in grade C or D[40-42].
Numerous controlled studies have investigated the
efficacy of a variety of medications in the healing of
esophagitis and the elimination of symptoms. In a metaanalysis, Chiba et al.[43], showed that PPIs (omeprazole,
lansoprazole, pantoprazole) heal the esophagitis within
8 wk in 83.6% of the patients, with a symptom-resolution
rate of 77.4%. All other medications (H2-receptor antagonists,
cisapride, sucralfate) were appreciably less effective. A
placebo-related healing rate of 28.2% documents the
fluctuating nature of the course of reflux disease in some
patients, with spontaneous remissions and exacerbations.
When using highly potent PPIs, elimination of symptoms
after 8 wk is predictive for healing of the esophagitis[41,42].
Initial therapy of ERD
In patients with erosive reflux esophagitis, treatment with a
standard dose of a PPI is always recommended (Figure 5)[4].
Mild cases (Los Angeles grade A/B) usually heal within
4 wk, while severe cases (Los Angeles C/D) often require
longer treatment-eight or, in some cases, more weeks.
Resolution of symptoms in those responding to therapy is
achieved appreciably more quickly (median time to sustained
symptom resolution 5-10 d). The major predictive factor
for the healing rate is the severity of the erosive esophagitis,
but also of significance are concomitant Barrett’s metaplasia
in the lower esophagus, which reduces the healing rate,
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and infection with H pylori, which enhances the efficacy
of the PPI [44,45].
Is there any clinically relevant difference between the
PPIs available in the market? Racemic PPIs (omeprazole,
lansoprazole, pantoprazole, rabeprazole) differ in such
pharmacokinetic characteristics as bioavailability and the
rapidity with which an effect occurs. This, however, is
irrelevant for the healing of esophagitis at 4 and 8 wk[46,47],
although the substances do differ in terms of the time
required to eliminate symptoms. In a large randomized,
controlled study involving more than 3 500 patients with
erosive esophagitis, lansoprazole 30 mg o.d. relieved
heartburn significantly faster than did omeprazole 20 mg
o.d.[48]. There is a linear relationship between the degree of
acid suppression measured by the time per day that gastric
pH is higher than 4, and the healing kinetics of esophagitis[49].
With regard to the healing rates of reflux esophagitis after
4 and 8 wk, no differences are to be seen between the
standard doses of the racemic PPIs (omeprazole 20 mg,
lansoprazole 30 mg, pantoprazole 40 mg, rabeprazole
20 mg) [46,47], nor did doubling the individual dose (e.g.
lansoprazole 60 mg, pantoprazole 80 mg) increases efficacy.
Of significance for the healing rates and symptom
elimination, however, is cytochrome 2C19 polymorphism.
Thus, it has been recently shown that the response to
treatment with lansoprazole 30 mg o.d. is poorer in extensive
metabolizers than in intermediate and poor metabolisers[50].
Cross-over pH-monitoring studies in healthy volunteers
and patients with GERD have shown that esomeprazole
is more effective than corresponding doses of the
racemic PPIs omeprazole, lansoprazole, pantoprazole and
rabeprazole[51,52]. In large controlled studies, significantly
higher healing rates were achieved with esomeprazole at a
dose of 40 mg o.d. than with omeprazole 20 mg o.d.,
lansoprazole 30 mg o.d., and pantoprazole 40 mg o.d.[40-42,53,54].
The therapeutic advantage of esomeprazole over the other
PPIs increased with increasing severity of the esophagitis
as defined by the Los Angeles classification[55]. These studies
also showed a significant superiority of esomeprazole in
terms of the time to sustained symptom (heartburn)
resolution. Small non-inferiority studies claiming equivalence
between different PPIs did not have the statistical power to
detect a difference of the magnitude that has been consistently
established by the large scale studies mentioned above[56-58].
In the event of inadequate efficacy (insufficient control
of symptoms or healing of the esophagitis), doubling the
individual dose of PPI does not reliably improve clinical
efficacy, but switching to another PPI, or shortening the
interval between doses (e.g. twice daily) might increase the
response to treatment[59]. In recent years there has been
intense discussion on the clinical relevance of nocturnal
acid breakthrough (NABT) in difficult-to-treat cases[60,61].
NABT is defined as a decrease in gastric pH to <4 for
more than 1 h during the course of the night. The clinical
relevance of this phenomenon has not yet been established.
H2-receptor antagonists given at bedtime can prevent this
acid breakthrough, but when administered over a longer
period of time, they rapidly lose this effect[62]. Treatment
with combinations of PPI and prokinetic drugs is of
unproven value.
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Long-term care of patients with ERD
After responding well to initial treatment, ERD shows a
tendency to relapse. Up to 90% of the patients will relapse
already within the next 6 mo[29]. Patients with mild esophagitis
(Los Angeles A/B) often have a longer relapse-free interval
than patients with severe esophagitis (Los Angeles C/D),
who frequently suffer a relapse within days of discontinuing
successfully the initial treatment[63,64]. In the light of these
observations, it is recommended that, in patients with mild
esophagitis, therapy should first be discontinued and the
further course of the disease kept under surveillance, while
in severe esophagitis, initial successful therapy should be
followed, a priori, by maintenance treatment (Figure 5).
Established options for long-term management are
intermittent treatment for some weeks and continuous
maintenance treatment with an attempt to reduce the daily
dosage of the PPI (step-down principle)[4,30]. On-demand
therapy has, to date, been investigated in only two studies in
patients with erosive esophagitis[65,66]. Satisfactory control
of symptoms was achieved in the vast majority of patients,
but continuous therapy proved to be superior with respect
to maintenance of remission of erosive esophagitis, so that
an evidenced-based recommendation is currently not
possible. However, since GERD is usually not progressive,
attempts to realize on-demand treatment does not appear
to harm the patients[3].
For the prevention of relapse in patients with healed
esophagitis, PPIs are clearly superior to H 2-receptor
antagonists, prokinetic drugs and combinations of these
medications[67-69]. The yield between a standard dose of a
PPI and one-half of this dose is, in individual studies, often
small, although significant, and even probably clinically
relevant differences have occasionally been observed[67]. On
the basis of a cost effectiveness analysis using a Markov model
designed to simulate the economic and clinical outcomes
of GERD in relation to the cost per symptom-free patient
years gained and the cost per QALY gained treatment with
a standard dose of a PPI appears to be superior despite the
higher drug costs[69]. Nevertheless, in view of the overall
high response rates, an initial attempt with half the standard
dose of a PPI is recommended in patients with mild erosive
esophagitis, while patients with more severe disease should
be kept on the dose of PPI required to induce remission
(Figure 5). If this approach proves successful, a dose
reduction, or a changeover to a less potent drug can be
attempted[70,71]. If the reduced dose proves unsuccessful,
the dose must be increased appropriately. Occasionally, a
higher-than-standard dose may be necessary to maintain
remission[72].
With long-term therapy also, differences are found
between the isomeric PPI esomeprazole, and the racemic
PPIs lansoprazole or pantoprazole. In large double-blind
randomized studies in patients with healed esophagitis,
esomeprazole 20 mg o.d. applied over 6 mo was significantly
more effective than lansoprazole 15 mg o.d. (therapeutic
gain 8-9%), or pantoprazole 20 mg o.d. (therapeutic gain
12%)[73-75]. As in the case of acute treatment, this superiority
was more pronounced with increasing disease severity. Apart
from the severity of the baseline esophagitis, concomitant
Barrett’s esophagus (poorer results) and H pylori infections
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(better results) also have a role as predictors of treatment
outcome[76].
Eradication of Helicobacter pylori in patients with GERD
Whether a concomitant H pylori infection in patients with
GERD should be treated or not is still under discussion[77,78].
Since H pylori is probably not involved in the pathogenesis
of GERD, it cannot be expected that its eradication can
heal this condition[79] nor, according to the data of Moayyedi
et al., is an aggravation of the spontaneous course of GERD
to be expected. H pylori does, however, have an impact on
the pH-elevating effect of PPIs, which leads to higher healing
rates and faster elimination of symptoms in patients with
reflux esophagitis[45]. PPI treatment in H pylori-infected
patients leads to an aggravation of corpus gastritis, possibly
also accompanied by an accelerated development of
atrophy, while at the same time, antral gastritis is improved.
The resulting gastritis type (corpus dominant) is found more
frequently in patients with gastric cancer, and is therefore
termed as “risk gastritis” or “gastritis of the cancer
phenotype”. Whether long-term PPI treatment in patients
with H pylori gastritis actually does increase the gastric cancer
risk is unclear. It does, however, appear certain that PPI
treatment for over more than 10 years is also safe in patients
infected with H pylori [72]. Whether this also applies to
treatment for over 20, 30 or more years is not known at
present. On the basis of these considerations, some authors
advocate the eradication of H pylori before initiating longterm PPI treatment[80].
Antireflux surgery
In selected patients requiring long-term PPI treatment, a
possible alternative option is antireflux surgery, which,
however, is no more effective than tailored PPI therapy,
and also carries a significant complication risk[81-83]. To date,
no advantages of surgery in terms of economics have been
unequivocally demonstrated[83,84]. The best candidates for
fundoplication are probably those with esophagitis
documented by endoscopy, a need for continuous PPI
therapy, abnor mal pH monitoring studies, nor mal
esophageal motility studies, and at least partial symptom
relief with PPI therapy[85]. Further arguments for surgery
are high-volume reflux and young age. Relevant concomitant
diseases, in contrast, tend to militate in favor of sticking
with a conservative approach. A “treatment-refractory”
GERD patient should certainly not be automatically referred
for antireflux surgery.
Endoscopic antireflux procedures
In recent years, a number of different methods for endoscopic
endoluminal treatment of GERD have been investigated
(endoscopic gastroplication with differing suturing
techniques, application of radiofrequency energy to the
lower esophageal sphincter, endoscopic submucosal or
intramuscular injection of inert materials). To date, the
efficacy of endoluminal therapy for GERD is not supported
by a high level of evidence[86]. Only a single fully published
controlled study (radio-frequency energy delivery vs sham
procedure) that documented a benefit in terms of symptom
relief, but no effect on acid reflux, has been reported[87].
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Overall, too few data are currently available on efficacy
and safety, so that the use of these methods outside of
controlled studies cannot be recommended. In particular,
controlled studies comparing endoscopic antireflux
procedures with the established options of treatment would
be desirable.

UNINVESTIGA
TED GERD
UNINVESTIGATED
In patients with troublesome reflux symptoms but no alarm
symptoms (e.g. dysphagia, unintended loss of weight, signs
of bleeding), empirical PPI therapy is another option for
initial management.
The goals of empirical therapy are: (1) to succeed with initial
therapy; (2) to determine need for ongoing therapy; (3) to
maintain satisfactory symptom control; (4) to minimize risks
from esophagitis and other consequences of abnormal reflux.
These aims should be achieved at the lowest possible
cost and with minimal risks[88]. Initial therapy should via
rapid relief of symptoms confirm the symptom based
diagnosis, reassure the patient as to the benign and treatable
nature of the reflux disease, and if present cure the
esophagitis. For many years, patients with GERD received
step-up therapy beginning with weakly effective substances,
such as antacids and H2-receptor antagonists, and increasing
the intensity of the treatment if the effect was inadequate.
With this strategy, the above-mentioned aims of empirical
treatment cannot be achieved. For this reason, initiation of
treatment with a PPI at a standard dose applied for 4 wk
is favored (step-in approach) (Figure 6). However, few
scientific data are available on this approach. In a four-arm
controlled double-blind study involving 593 patients and
conducted over 20 wk, the patients initially received
lansoprazole 30 mg o.d. or ranitidine 150 mg b.i.d. over a
period of 8 wk, followed by either continuation of this
medication, or a step-down from lansoprazole to ranitidine
or a step-up from ranitidine to lansoprazole[89]. The most
effective strategy was step-in with a PPI and continuation
with this medication. These results were confirmed in
another study comparing omeprazole with ranitidine[90].
Therapy should be withdrawn after initial success. In
the case of a relapse, the long-term care depends on a
careful assessment of the risk and the response to PPI
therapy. Potential strategies are on-demand therapy or
intermittent treatment. In a controlled three-arm study
involving 1 357 patients with uninvestigated GERD,
Meineche-Schmidt et al.[91], compared on-demand therapy
with esomeprazole 20 mg and GP-controlled intermittent
strategy with esomeprazole 40 mg o.d. for 2 or 4 wk
applied over 6 mo. The direct medical costs were similar in
all three arms, but the total costs were substantially higher
in patients treated with a GP-controlled intermittent strategy.
If continuous maintenance therapy is needed to preserve
remission, or if an initial positive response is rapidly followed
by relapse, an endoscopic evaluation to exclude/detect
severe erosive esophagitis or complicated reflux disease is
recommended. If initial treatment is not successful, and if
the clinical data militate against a severe form of GERD,
the PPI dose can be increased (standard dose twice daily) or
a changeover to a more potent substance implemented[59];
otherwise, in this clinical situation, too, endoscopy should
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be performed [88]. It is not clear whether patients who
respond to initial treatment with a PPI and are then well
controlled with on-demand therapy need to be submitted
to endoscopy at all. Earlier calls for “once in a life-time”
endoscopy for every patient with reflux disease are no longer
considered mandatory. Moreover, the timing of endoscopy
is critical: endoscopy off therapy is required to correctly
assess the severity of esophagitis, which is important for
the choice of further management, and endoscopy on
therapy is needed to assess Barrett’s esophagus which is
important with regard to cancer risk and the planning of
surveillance.

Step-in
with a PPI
for 4 wk

Uninvestigated
GERD

Successful

Cease initial therapy and observe

The fastest, most
economical path to:
symptom relief
diagnostic confirmation
Not successful

Review symptom-based diagnosis

Likely natural history Relapse
Endoscopy,
Patient preference
Intensify therapy Endoscopy
why and when?
Cost-effectiveness
PPI b.i.d.
etc.
On demand therapy
(intermittent or
continuous therapy)

Figure 6 Proposal for the empirical management of patients with uninvestigated
GERD[88].
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Abstract
AIM: To compare the effect, adverse events, cost-effectiveness
and dose intensity (DI) of oral Xeloda vs calcium folinate
(CF)/5-FU combination chemotherapy in patients with
advanced gastrointestinal malignancies, both combined
with bi-platinu two-way chemotherapy.
METHODS: A total of 131 patients were enrolled and
randomly selected to receive either oral Xeloda (X group)
or CF/5-FU (control group). Oral Xeloda 1 000 mg/m 2
was administered twice daily from d 1 to 14 in X group,
while CF 200 mg/m 2 was taken as a 2-h intravenous
infusion followed by 5-FU 600 mg/m2 intravenously for
4-6 h on d 1-5 in control group. Cisplatin and oxaliplatin
were administered in the same way to both the groups:
cisplatin 60-80 mg/m2 by hyperthermic intraperitoneal
administration, and oxaliplatin 130 mg/m2 intravenously
for 2 h on d 1. All the drugs were recycled every 21 d,
with at least two cycles. Pyridoxine 50 mg was given t.i.d.
orally for prophylaxis of the hand-foot syndrome (HFS).
Then the effect, adverse events, cost-effectiveness and
DI of the two groups were evaluated.
RESULTS: Hundred and fourteen cases (87.0%) finished
more than two chemotherapy cycles. The overall response
rate of them was 52.5% (X group) and 42.4% (control
group) respectively. Tumor progression time (TTP) was
7.35 mo vs 5.95 mo, and 1-year survival rate was 53.1% vs
44.5%. There was a remarkable statistical significance
of TTP and 1-year survival between the two groups. The
main Xeloda-related adverse events were myelosuppression,
gastrointestinal toxicity, neurotoxicity and HFS, which
were mild and well tolerable. Therefore, no patients
withdrew from the study due to side effects before two
chemotherapy cycles were finished. Both groups finished
pre-arranged DI and the relative DI was nearly 1.0. The
average cost for 1 patient in one cycle was 9 137.35
(X group) and 8 961.72 (control group), or US $1 100.89

in X group and $1 079.73 in control group. To add 1% to
the response rate costs 161.44 vs 210.37 respectively
(US $19.45 vs $25.35). One-month prolongation of TTP
costs 1 243.18 vs 1 506.17 (US $149.78 vs $181.47).
Escalation of 1% of 1-year survival costs 172.74 vs
201.64 (US $20.75 vs $24.29).
CONCLUSION: Oral Xeloda combined with bi-platinu
two-way combination chemotherapy is efficient and
tolerable for patients with advanced gastrointestinal
malignancies; meanwhile the expenditure is similar to
that of CF/5-FU combined with bi-platinu chemotherapy,
and will be cheaper if we are concerned about the
increase of the response rate, TTP or 1-year-survival rate
pharmacoeconomically.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Pharmacoeconomics is a method to study the various
economic costs associated with prescribing a given drug or
a treatment regimen. This field of health services research
and technology assessment developed in the 1960s, and it
is only in the last decade that scholars have been trying to
develop strong standards for its use[1]. There are four main
kinds of cost analysis involved. First, the analysis of cost
minimization is to find the most inexpensive treatment.
Second, the cost-effectiveness analysis takes a single outcome
into account, such as years of life saved, and attempts to
determine the cost for each year of those additional years.
The third analysis is cost utility. It is a subtype of costeffectiveness and incorporates quality-of-life measures that
focus on a patient’s Quality Adjusted Life Year. The fourth
is cost-benefit analysis. This analysis puts a dollar amount
on additional years of life. Among the four analyses, the
cost-effectiveness analysis is widely and more often used to
compare the costs and clinical outcomes of competing
treatment options[2]. This analysis provides an estimate of

Fan L et al. Oral Xeloda plus bi-platinu for advanced GI cancers

the costs incurred to achieve a particular outcome. It is
measured by dividing a therapy’s total cost by its therapeutic
effectiveness, which might be cure rate, remission rate, or
some other end point depending on the drug and disease
involved[3-5]. Oncology pharmacoeconomics differs slightly
from pharmacoeconomics for drugs for other diseases.
Pharmacoeconomics of anticancer drugs is to offer an
effective, safe and economic regimen for patients with
end-stage cancer under the precondition of limited
medical cost.
Gastrointestinal cancer ranks the top of the morbidity
and mortality of the cancer in China. The general
chemotherapy usually has little effect on the end-stage
patients with little opportunity to resect because of
implantation in cavity, local recurrence after operation, or
metastasis of lymph node or viscera. From December 2001
to April 2004, 131 end-stage cases of carcinoma of stomach
and colorectum in our department were admitted for the
new combination chemotherapy. Among them, 51 cases
received the regimen of oral Xeloda with bi-platinu
(oxaliplatin and cisplatin) in two ways (intravenous and
intraperitoneal administration), the other cases received the
regimen of calcium folinate (CF)/5-FU with bi-platinu in
the same two ways as the former. The cost-effectiveness
and quality-of-life index effect of this new chemotherapy
regimen were compared with another chemotherapy. The
dosage intensity of these two chemotherapy regimens were
also compared.

MA
TERIALS AND METHODS
MATERIALS
Patients
A total of 131 cases of advanced gastrointestinal cancer
with 80 men and 51 women, mean age being 57.6 years
ranging from 33 to 83 years were included. There were
61 cases of gastric carcinoma and 70 cases of colorectal
cancer. All the patients were in stage IV by clinical
assessment, which was confirmed by biopsy. About 83.7%
of patients had received one combination chemotherapy at
least, but no chemotherapy was administered to them within
a month. Karnofsky performance status of all these patients
measured at baseline was 60, and the anticipative survival
time was 3 mo with observable objective index of the
focus. They were randomly divided into two groups, Xeloda
and control group (abbreviated as X group and C group,
respectively). The main clinical characteristics of the two
groups are listed in Table 1.

Table 1 Clinical characteristics of stage IV gastrointestinal cancer
Clinical characteristics
Male/female
Age: mean (range/yr)
Recurrence (%)
Metastasis
Liver (%)
Lung (%)
Celiac lymph node (%)
Others (%)
Previous chemotherapy

Gastric cancer
X group

C group

Colorectal cancer
X group

C group

21/11
17/12
19/16
23/12
63.6 (36–83) 61.0 (33–80) 62.9 (45–75) 60.8 (34–74)
14 (43.8)
14 (48.3)
8 (22.9)
9 (25.7)
17 (53.1)
8 (25.0)
21 (65.6)
8 (25.0)
23 (71.9)

16 (55.2)
7 (24.1)
21 (72.4)
9 (31.0)
22 (75.9)

21 (60.0)
11 (31.4)
14 (40.0)
12 (34.3)
17 (48.6)

22 (62.9)
10 (28.6)
15 (42.9)
10 (28.6)
19 (54.3)
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Drugs
Xeloda® was supplied as white film-coated tablets
containing 500 mg capecitabine manufactured by Roche
Pharmaceutical Ltd. CF and oxaliplatin were purchased from
Jiangshu Henrui Pharmaceutical Co. Ltd, packed in 100 or
50 mg per vial and 20 mg of cisplatin in a vial was supplied
by Shandong Qilu Pharmaceutical Factory. 5-FU was
packed in 250 mg per ampule and manufactured by
Shanghai Pharmaceutical Factory.
Treatment regimen
Oral Xeloda 1 000 mg/m2 was administered twice daily
from d 1 to 14 in X group, while CF 200 mg/m2 was taken
as a 2-h intravenous infusion followed by 5-FU 600 mg/m2
intravenous infusion for 4-6 h on d 1-5 in C group. Cisplatin
and oxaliplatin were given in the same way to both the
groups: cisplatin 60-80 mg/m2 hyperthermic intraperitoneal
abdominal administration, and oxaliplatin 130 mg/m 2
intravenous infusion for 2 h on d 1. All the drugs were
recycled every 21 d, with at least two cycles. Granisetron
40 µg/kg was given by intravenation before intravenous
or intraperitoneal chemotherapy. Pyridoxine (vitamin B6)
50 mg was given t.i.d. orally for prophylaxis of the hand-foot
syndrome (HFS).
Effectiveness and side effects
The short-term effect is classified into four grades as complete
remission (CR), part remission (PR), no-change (NC) and
progress of disease (PD) by the evaluation standard of
short-term effect introduced by WHO[6]. The responsible
effective rate (RR) is prescribed to CR+PR (%). There are
two other indexes, TTP (time of tumor progress) and 1-year
survival rate, which have been adopted to evaluate the
mid-term effect. Side effects were added up by standard grade,
also introduced by WHO[7] in both the groups regardless of
the kind of disease. The classification HFS was graded
according to the criteria of WHO[8]: I-dysesthesia/paresthesia,
tingling in the hands and feet; II- discomfort in holding
objects and upon walking, painless swelling or erythema;
III-painful erythema and swelling of palms and soles,
periungual erythema and swelling; IV- desquamation,
ulceration, blistering, severe pain.
Dose intensity estimation
Two indexes of dose intensity (DI) were calculated by the
following formula: DI = total dosage (mg/m2)/duration of
treatment (weeks), relative DI = actual DI/standard DI[9].
Costs estimation
The costs evaluated consisted of two parts, the direct
medical cost and the indirect one [5]. The cost of drugs
(chemical drug, GM-CSF or G-CSF, the drug to ameliorate
gastrointestinal side effect, and so on), hospital stays, the
required medical staff, laboratory and diagnostic tests were
included in the direct medical cost. The part indirect cost
contained the material loss because of the absence of the
patients and their relatives from work. Two periods of
treatment were added up, then the average cost per patient
in one cycle was obtained. The cost of therapy was expressed
in Chinese currency (Ren-Min-Bi, ) and in US dollars
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Table 2 Different chemotherapeutic effect of gastrointestinal cancers
Therapeutic
effect
n
CR (n)
PR (n)
NC (n)
PD (n)
CR+PR (n)
(%)
TTP (mo)
1-yr survival (%)
a

Gastric cancer
X group

Colorectal cancer
C group

24
1
13
5
5
14
58.3
7.0±1.3a
41.7a

X group

25
1
10
10
4
11
44.0
5.4±0.9
36.0

Total

C group

31
1
14
12
4
17
54.8
7.8±1.9a
64.5a

X group

34
0
14
14
6
14
41.2
6.7±2.0
52.9

C group

55
2
27
17
9
29
52.7
7.4±1.7a
53.1a

59
1
24
24
10
25
42.4
6.0±1.5
44.5

P<0.05 vs C group.

Table 3 Chemotherapeutic side effects of gastrointestinal cancers (n)
Side effects

X group (n = 55)
I

II

C group (n = 59)
III

IV

I

II

III

IV

Leukopenia

21

8

5

0

20

8

4

0

Thrombocytopenia
Nausea

10
15

5
19

1
10

0
2

13
16

4
20

2
11

0
2

Vomiting
Diarrhea

11
7

11
9

4
3

1
0

14
5

12
6

3
2

2
0

HFS
Neurotoxicity

32
12

2
11

1
0

0
0

8
14

2
12

0
1

0
0

(US $). The rate of exchange between them was 1:8.3.
Cost-effectiveness analysis
Based on the total costs, the expenses that add to 1% of the
response rate (costs/total efficient rate), one-month prolongation
of TTP (costs/TTP) and the escalation of 1% of 1 year
(costs/1-year survival rate) were calculated, respectively.
Statistical analysis
All data are expressed as mean±SD, except as otherwise
stated. Parameters were compared by using t test, or χ2 test.

RESUL
TS
RESULTS
Effect
In 131 cases, 17 patients (13.0%) terminated treatment after
one cycle because of disease progression, refusal to continue
chemotherapy or other reasons. Fifty-eight cases (44.3%)
finished two or three cycles of chemotherapy, 33 patients
(25.2%) finished four or five cycles of chemotherapy, the
other 23 cases (17.6%) finished six or more cycles of
chemotherapy. The average number of completed
chemotherapy cycles was 2.6. These 114 who finished more
than two chemotherapy cycles were analyzed. For both the
short-term and mid-term effect, the X group was better
than C group. But there was no statistical difference in the
short-term effect. Short-term effect of gastric cancer group
was superior to that of colorectal cancer group, whereas
mid-term effect of the former was inferior to that of the
latter (Table 2).
Side effects
To 114 patients who finished more than two chemotherapy
cycles, the side effects were observed and summed up when

the second cycle ended (Table 3). In X group, the rates of
leukopenia, thrombocytopenia, nausea, vomiting, diarrhea
and neurotoxicity above grade II were 23.6%, 10.9%, 56.4%,
29.1%, 21.8%, and 20.0%, respectively. In C group, the
rates were 20.3%, 10.2%, 55.9%, 28.8%, 13.6%, and
22.0%, respectively. No statistical difference was revealed
between the two groups.
The occurrence of HFS that appeared in X group was
higher than that of C group (63.6% vs 16.9%, P<0.05), but
97.1% of HFS episodes were grade 1 or 2. No patient
withdrew from the study, and none required dose
modification due to side effects before two chemotherapy
cycles were finished.
Dose intensity
Relative DI mg/(m 2×week) cannot be achieved due to
the delay in the treatment (including side effect and
noncompliance), which means that the actual DI is lower
than standard DI. There was no statistical difference in
relative DI between the two groups (Table 4).
Table 4 Chemotherapeutic DI of gastrointestinal cancers, mg/(m2·wk)
DI
Standard
Actual
Relative
1

X group

C group

Oxal1

DDP1 Xeloda

Oxal1

DDP1

43.3
40.7
0.94

40.0
38.3
0.96

43.3
41.3
0.95

40.0
38.7
0.97

9 333.3
8 662.7
0.93

CF
333.3
322.7
0.97

5-FU
1 000.0
966.7
0.97

Oxal – oxaliplatin; DDP – cisplatin.

Costs and cost-effectiveness
There was a statistical difference in the average hospitalization

Fan L et al. Oral Xeloda plus bi-platinu for advanced GI cancers
Table 5 The average cost per patient of two groups (mean±SD,
Group

Other cost
US $

a

X

5.94±3.11

7 887.33±140.92

C

9.37±2.73

6 108.97±205.44

a

, US $)

Cost of drug

Hospitalization(d)

4303

a

950.28±16.98
736.02±24.75

Total cost
US $

a

a

US $

1 250.02±101.43

150.60±12.22

2 852.75±217.73

343.70±26.23

a

9 137.35±121.18

1 100.89±14.60

8 961.72±211.59

1 079.73±25.50

P<0.05 vs C group.

Table 6 Comparison of cost-effectiveness of two groups
Costs/efficient

Group
X

161.44±2.14

C

210.37±4.97

a

Costs/TTP
US $

a

19.45±0.26
25.35±0.60

Costs/1-year survival
US $

a

a

1 243.18±16.49

149.78±1.99

1 506.17±35.56

181.47±4.28

US $
a

172.24±2.28
201.61±4.76

a

20.75±0.27a
24.29±0.57

P<0.05 vs C group.

time between the two groups (P<0.05, Table 5). The drug
costs of X group was higher than that of C group, but
other costs (the costs of hospitalization, cancer clinic care
and others) were adverse, so there was no difference in the
total costs between the two groups. The cost-effectiveness
ratio obtained from X group was more satisfactory than
that of C group no matter what the cost of percentage
response rate, per TTP and per life-year survival (Table 6).

DISCUSSION
The morbidity caused by gastric and colorectal carcinoma
are respectively the first and the fourth in China[10,11]. It is
difficult to cure the patients at the end stage without a
chance for operation or with recurrence and metastasis.
5-FU is a basic drug for gastrointestinal cancer, but its
effective rate is only 10-20%. Increasing the dosage,
intravenous injection continually or in combination with
intensifier can enhance the effect of 5-FU, whereas its side
effects and medical costs will increase too. For example,
increasing the dosage can result in higher incidence of
stomatitis and extremity syndrome, and intravenous injection
continually or in combination with intensifier leads to more
severe phlebitis, and all of which raise the cost. The regimen
of 5-FU combined with CF and levamisole has stood the
dominant status in treating tumor of the digestive system
for more than 20 years[12,13]. Recently, oxaliplatin combined
with 5-FU and CF has become the most frequent and
effective chemical therapy for patients with colorectal cancer,
and also has been used to treat gastric cancer[14-17].
Xeloda (capecitabine) is a novel, oral, selectively tumoractivated fluoropyrimidine carbamate and absorbed by small
intestine in antetype term. It can be activated and transformed
to 5-FU by thymidine phosphorylase that has high competence
in tumor. So the concentration of 5-FU in tumor tissue is
much higher than that in normal tissue and its systemic side
effect is lower[18-21]. Xeloda has already been used to treat
advanced gastrointestinal cancer with much better result.
If combined with oxaliplatin, there will be good results.
The heat-chemical therapy of abdominal cavity includes
heat and chemical drug treatments. This therapy has many
advantages. It can increase the concentration, the contact
surface and the time of the drug in abdominal cavity by

perfusing heat drug into abdominal cavity, which is in favor
of prolonging action time and killing of cancer cell. A part
of the drug can be absorbed by the peritoneum and come
into the liver via portal vein, which can prevent and eliminate
metastatic focus in liver. Its heat effect (40-45 ) can
reduce the pH value in and around the tumor, which will
result not only in metabolic disturbance of the tumor, but
also the amelioration of the function of the cellular
immunity. Furthermore, the heat can kill the tumor cell
directly by cytotoxic effect [22-24] . Considering those
advantages, the oral Xeloda combined with bi-platinu
two-way heat-chemical therapeutic regimen was adopted
to treat 55 patients with advanced gastrointestinal cancer
and this regimen was compared with another regimen,
5-FU/CF combined with bi-platinu two-way heat-chemical
therapeutic regimen simultaneously. Our results revealed
that the effect, 1 year survival and TTP of the former
were much better than the latter, and that there was little
difference in primary side effect, such as the reaction of
the alimentary system and nervous system, bone marrow
depression and extremity syndrome between the two groups.
There is a relationship between the dose and effect for
cancer chemotherapy. Following the increasing dosage, the
effect will be improved, but the side effect and expenses will
be increased. So a balance between effect, side effect and
expense is needed. Pharmacoeconomics and the study of DI
are the new hot points in cancer chemotherapy. To choose
the optimal regimen and distribute the limited medical cost,
the cost-effectiveness and quality-of-life index effect of oral
Xeloda were investigated and compared with CF/5-FU
combination chemotherapy in patients with advanced
gastrointestinal malignancies, both combined with bi-platinu
two-way chemotherapy. Generally, the expenses of the
treatment include the direct medical and non-medical fees
and indirect medical fee. The average cost for a patient in
one cycle was 9 137.35 in X group. This cost was a
little higher than that in control group ( 8961.72). But the
cost-effectiveness analysis is more important, because the
elongation of survival time and increasing the survival rate
should be emphasized in addition to the effective rate[25].
The costs of Xeloda group and the cost of unit effect were
fewer than C group. Because Xeloda was administered in
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lower dosage (1 000 mg/m2 twice daily) in our study, not
1 250 mg/m2 twice daily as recommended, the incidence
of grade 3 or 4 of HFS was reduced. Pyridoxine being
given at a high dose from the beginning may be useful for
the prophylaxis of the occurrence of HFS[7,26]. For other
minor side effects of the two regimens, all patients having
accomplished the treatment on time, would mean the relative
DI of two groups is close to one. However, the shorter
intermission of Xeloda group (about 7 d) leads to the
stronger of the actual DI [8 662.7 mg/(m 2·wk)] which
probably is another reason for the better effect of Xeloda
group than control group. The DI is an index to evaluate
the drug or regimen. The analysis of relation between DI
and effect will help to improve the effect of the chemical
therapy by increasing the dosage of unit time or decreasing
intermission of chemical therapy[27-29] .
In summary, oral capecitabine can mimic continuous
infusion of 5-FU and avoid the inconvenience, complications,
and additional costs associated with intravenous
chemotherapy. The regimen of oral Xeloda with bi-platinu
in two ways (intravenous and intraperitoneal administration)
to treat the advanced gastrointestinal cancer has better
short-term and long-term effect. It is an effective, safe and
economic regimen for patients, even for the old. For ideal
pharmacoeconomics, satisfying DI and good compliance,
this regimen has a good prospect in the future.
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Abstract

change of the free radicals centralized mostly in the center
of ulcerated lesions only, which suggested the ability of
antioxidation was declined only in these lesions. However,
the metabolism of free radicals varied significantly and
the ability of antioxidation declined not only in the local
focus area but also in the abroad gastric tissues with
gastric carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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AIM: To investigate the relationship between the
superoxide dismutase (SOD), malondialdehyde (MDA)
metabolic changes and the gastric carcinogenesis.

http://www.wjgnet.com/1007-9327/11/4305.asp

METHODS: The SOD activity and MDA content were
measured in the gastric tissues from the focus center,
peripheral and far-end areas of gastric carcinoma (n = 52)
and gastric ulcer (n = 10). All the tissues were subjected
to routine histological examinations and classifications.

INTRODUCTION
Free radical is the middle product during the phase of the
biochemical metabolism in the body[1], and it is the intense
toxicant because of being very active in the biochemical
nature and oxidizing ability[2-5]. Although recent work has
shown that free radical is related to the causing and
development of many digestive system diseases[6-8], it did
not distinct the relationship between the free radical and
the gastric carcinogenesis[9,10]. In the investigation, it was
researched that metabolic changes of the free radical play
a role in the gastric carcinogenesis, development of gastric
carcinoma by investigating the metabolism condition and
regularity of the free radicals in the fresh samples of the
gastric carcinoma tissues.

RESULTS: The SOD activity was greatly reduced but the
MDA content was markedly increased in the center areas
of the non-mucous gastric carcinoma (non-MGC); and
the poorly differentiated gastric carcinoma varied. The
SOD activity was gradually decreased and the MDA content
was gradually increased in the tissues from the focus
far-end, peripheral to center areas of non-MGC. Both of
the SOD activity and the MDA content were significantly
declined and were respectively at same low level in the
tissues from the focus center, peripheral, and far-end
area with the mucous gastric carcinoma (MGC). In contrast
to the gastric ulcer and grade I or II of non-MGC, the
same level of the SOD activity and the MDA content were
found in the focus center areas. Between non-MGC (groups
A-D) and gastric ulcer (group F), the differences of SOD
activity and MDA content were very noticeable in the
gastric tissues from the focus peripheral and far-end
areas, in which the SOD activity showed noticeable
increase and the MDA content showed noticeable decrease
in the gastric ulcer.
CONCLUSION: The active free radical reaction in the
gastric tissues can induce the carcinogenesis of non-MGC.
The utmost low ability of antioxidation in the gastric tissues
can induce the carcinogenesis of MGC. The metabolic

MA
TERIALS AND METHODS
MATERIALS
Patients and tissues
From 1998 to 2002, 52 cases of gastric carcinoma and 10
cases of gastric ulcer were obtained from the Central
Hospital of Shantou City. All fresh stomach samples were
surgically removed from these patients and regular routine
histological examination and classification were made. The
patients with gastric carcinoma were 11 women and 41 men.
The mean age was 59.83 years, ranging from 34 to 76 years.
The patients with gastric ulcer were 1 woman and 9 men and
the mean age was 53.30 years, ranging from 19 to 69 years.
Measurement of SOD activity and MDA content
Stomach samples were obtained, the tissues at the center,
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peripheral (2 cm away from focus lesion) and far-end areas
(8-10 cm away from focus lesion) sampled respectively.
The fresh tissues were made into 10% tissue homogenate
for measurement of the superoxide dismutase (SOD) activity
and malondialdehyde (MDA) content. The SOD activity
was examined with xanthine oxidase method and the MDA
content was examined with sulfur barbituric acid method[11].
SOD and MDA detection kits were purchased from Nanjing
Jiancheng Bioengineering Institute.
Statistical analysis
All data were disposed by SPSS9.0 statistical software.
Statistical comparisons between interior groups were
analyzed with ANOVA followed by Student’s t-test. Statistical
comparisons between different groups were analyzed with
one-way ANOVA followed by q-test. Experimental results
were finally expressed as mean±SD. P value less than 0.05
was considered statistically significant.

RESUL
TS
RESULTS
Histological examination
Fifty-two patients with gastric carcinoma were confirmed
by histological examination. Among the 52 cases, 44 were
non-mucous gastric carcinoma (non-MGC) including
papillary, tubular, poorly differentiated, undifferentiated
carcinoma, and were graded into four groups: grade I, 12
cases (group A, Figure 1A); grade II, 15 cases (group B,
Figure 1B); grade III, 11 cases (group C, Figure 1C);
grade IV, 6 cases (group D, Figure 1D). Eight cases were
mucous gastric carcinoma (MGC) including mucinous
adenocarcinoma and signet-ring cell carcinoma (group E,
Figure 1E). Another 10 patients who were confirmed had
gastric ulcer (group F, Figure 1F).
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Detection of SOD activity (Table 1 and Figure 2)
The SOD activity was declined gradually in the tissues from
the focus far-end, peripheral, to center areas in non-MGC
(groups A-D). The SOD activity in the focus center areas
was the lowest in the measured gastric tissue. SOD activity
reduction was correlated with the grade and differentiation
of gastric carcinoma in the focus center areas, in which
the level of the SOD activity in groups A and B (grades I
and II) was higher than that in groups C and D (grades III
and IV). There was no significant difference of the SOD
activity in the tissues from the focus far-end areas between
groups A-D.
The level of SOD activity was extremely low in the
focus center areas in MGC (group E). The level of SOD
activity was noticeably low in the focus peripheral and
far-end areas. Although reduction tendency was minimized,
there were no significant differences of the SOD activity
in the tissues from the focus far-end, peripheral to center
areas; suggesting that the SOD activity in these areas was at
the same low level.
The level of SOD activity was low in the focus center
area with gastric ulcer (group F). Notable reduction tendency
about SOD activity was shown in the tissues from the focus
far-end, peripheral to center areas. The common metabolic
characteristics were found in gastric ulcer (group F) and
non-MGC (groups A-D). The SOD activity was gradually
declined from the focus far-end, peripheral to center areas.
The SOD activity was at the same level in the tissues from
the focus center areas between gastric ulcer (group F) and
non-MGC (grades I and II, groups A and B). Importantly,
the SOD activity was noticeably higher in the tissues from
the focus peripheral and far-end areas in the gastric ulcer
(group F) than non-MGC (groups A-D). To compare the
gastric ulcer (group F) and the MGC (group E), the level

Table 1 SOD activity detection in the gastric tissue with gastric carcinoma and gastric ulcer (mean±SD) NU/mg Pr
Group

n

Focus center area (1)

Focus peripheral area (2)

Focus far-end area (3)

I (A)

12

85.88±8.97

122.79±12.08

135.33±14.74

II (B)

15

81.26±8.68

104.73±11.24

123.13±14.46

III (C)

11

49.01±4.97

93.35±8.32

109.59±11.45

IV (D)

6

52.05±5.13

70.71±6.01

102.25±10.34

MGC (E)

8

23.64±2.31

31.34±3.79

33.47±4.78

10

95.63±8.01

162.88±12.26

186.22±11.74

Non-MGC

Gastric ulcer (F)

P: (Statistical comparisons interior group)
A1:A2<0.05

A1:A3<0.01

A2:A3>0.05

B1:B2>0.05

B1:B3<0.05

C1:C2<0.01

C1:C3<0.01

C2:C3>0.05

D1:D2<0.05

D1:D3<0.01

B2:B3>0.05
D2:D3<0.05

E1:E2>0.05

E1:E3>0.05

E2:E3>0.05

F1:F2<0.01

F1:F3<0.01

F2:F3>0.05

P: (Statistical comparisons between different groups)
A1:B1>0.05

A1:C1<0.01

A1:D1<0.05

A1:E1<0.01

A1:F1>0.05

B1:C1<0.01

B1:D1<0.05

B1:E1<0.05

B1:F1>0.05

C1:D1>0.05

C1:E1<0.05

C1:F1<0.01

D1:E1<0.05

D1:F1<0.01

E1:F1<0.01

A2:B2>0.05

A2:C2<0.05

A2:D2<0.01

A2:E2<0.01

A2:F2<0.05

B2:C2<0.05

B2:D2:<0.05

B2:E2<0.01

B2:F2<0.01

C2:D2<0.05

C2:E2<0.01

C2:F2<0.01

D2:E2<0.05

D2:F2<0.01

E2:F2<0.01

A3:B3>0.05

A3:C3>0.05

A3:D3>0.05

A3:E3<0.01

A3:F3<0.01

B3:C3>0.05

B3:D3>0.05

B3:E3<0.01

B3:F3<0.01

C3:D3>0.05

C3:E3<0.01

C3:F3<0.01

D3:E3<0.01

D3:F3<0.01

E3:F3<0.01
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Figure 1 Non-mucous gastric carcinoma. A: non-mucous gastric carcinoma,
grade I HE ×100; B: non-mucous gastric carcinoma, grade II HE ×100; C: non-

mucous gastric carcinoma, grade III HE ×200; D: non-mucous gastric carcinoma,
grade IV HE ×200; E: mucous gastric carcinoma HE ×100; F: gastric ulcer HE ×100.

of SOD activity was noticeably higher in all the tissues
in the former than the later, and the SOD activity showed
a gradual reduction tendency in the former, same low
level in the later from the focus far-end, peripheral to
center areas.

(groups A-D). The MDA content in the focus center areas
was the highest in the measured gastric tissue. The level of
MDA content correlated with the grade and differentiation
of gastric carcinoma in the tissues from the center areas.
The study showed that the level of the MDA content in the
groups A and B (grades I and II) was lower than groups C
and D (grades III and IV). There were significant differences
of the MDA content in the tissues from far-end areas, in
which the level of MDA content was noticeably lower in

Detection of MDA content (Table 2 and Figure 3)
The MDA content increased gradually in the tissues from
the focus far-end, peripheral to center areas in non-MGC

250

Focus peripheral area

200

Focus center area

Focus center area

MDA content

SOD activity

Focus far-end area

150
100
50
0
A

B

C

D

E

F

Figure 2 SOD activity detection in the gastric tissue with gastric carcinoma and
gastric ulcer.

16
14
12
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8
6
4
2
0
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Focus far-end area
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D

E
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Figure 3 MDA content detection in the gastric tissue with gastric carcinoma and
gastric ulcer.
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Table 2 MDA content detection in the gastric tissue with gastric carcinoma and gastric ulcer (mean±SD) nmol/mg Pr
Group

n

Non-MGC
I (A)

12

5.37±0.61

3.28±0.23

2.56±0.18

II (B)
III (C)

15
11

6.07±0.62
12.75±1.52

3.85±0.31
6.46±0.65

2.96±0.25
4.65±0.52

6
8

11.41±1.91
1.55±0.23

6.10±0.71
1.43±0.18

5.20±0.45
1.12±0.12

10

4.89±0.56

2.06±0.22

1.68±0.16

IV (D)
MGC (E)
Gastric ulcer (F)

P: (Statistical comparisons interior group)
A1:A2<0.01
A1:A3<0.01
C1:C2<0.01
C1:C3<0.01
E1:E2>0.05
E1:E3>0.05
P: (Statistical comparisons between different groups)
A1:B1>0.05
A1:C1<0.01
B1:D1<0.05
B1:E1<0.01
D1:F1<0.01
D1:E1<0.01
A2:B2>0.05
A2:C2<0.01
B2:D2<0.01
B2:E2<0.01
D2:F2<0.01
D2:E2<0.01
A3:B3>0.05
A3:C3<0.01
B3:D3>0.01
B3:E3<0.01
D3:F3<0.01
D3:E3<0.01

Focus center area (1)

A2:A3<0.05
C2:C3<0.05
E2:E3>0.05
A1:D1<0.01
B1:F1>0.05
E1:F1<0.05
A2:D2<0.01
B2:F2<0.01
E2:F2>0.05
A3:D3<0.01
B3:F3<0.01
E3:F3>0.05

the groups A and B than the groups C and D.
The level of MDA content was extremely low in the
center, peripheral, and far-end areas in MGC (group E).
There was no significant difference of the MDA content; it
was at the same low level, although a minimum gradual
increase tendency was found in the tissues from the focus
far-end, peripheral to center areas.
The level of MDA content was noticeably high in the
tissues from the focus center areas in the gastric ulcer
(group F). The gradual increase tendency also showed in
the tissues from the focus far-end, peripheral to center areas.
The common metabolic characteristics were that the MDA
content showed a gradual increase tendency in the tissues
from the focus far-end, peripheral to center areas between
gastric ulcer (group F) and non-MGC (groups A-D). And
both in the group F and groups A and B, the MDA content
was at the same level in the tissues from the focus center
areas. However, when the gastric ulcer (group F) compared
to the non-MGC (groups A-D), there was a significant
difference: the MDA content declined markedly and varied
in the tissues from the focus peripheral and far-end areas.
The MDA content was noticeably higher in the tissues from
the focus center areas in the gastric ulcer (group F) than
the MGC (group E). But, the MDA content was at the
same level in the tissues from the peripheral and focus farend. And in the gastric ulcer (group F) compared to the
MGC (group E), it showed a gradual increase tendency in
the former, the later was at same low level in the tissues
from the focus far-end, peripheral to center areas.

DISCUSSION
SOD is the most important substance that eliminated free
radical system in the cell; it makes superoxide anion free
radical (O2–), dismutates into H2O2 and protects the cells
from the focus damage by cleaning up O2–. The level of

Focus peripheral area (2)

B1:B2<0.01
D1:D2<0.05
F1:F2<0.01

Focus far-end area (3)

B1:B3<0.01
D1:D3<0.05
F1:F3<0.01

B2:B3<0.01
D2:D3>0.05
F2:F3>0.05

A1:E1<0.01
C1:D1>0.05

A1:F1>0.05
C1:E1<0.01

B1:C1<0.01
C1:F1<0.01

A2:E2<0.01
C2:D2>0.05

A2:F2<0.05
C2:E2<0.01

B2:C2<0.01
C2:F2<0.01

A3:E3<0.01
C3:D3>0.05

A3:F3<0.05
C3:E3<0.01

B3:C3<0.01
C3:F3<0.01

SOD activity represents the intracellular antioxidation
ability [8,10,12]. MDA is the main metabolite in the lipid
peroxidation reaction. The free radicals affect on the
membrane structures of the cells, including the membranes
of the cell, mitochondrion, lysosome, endoplasmic
reticulum, etc., then injury of the cells. The level of MDA
content represents the extent of the intracellular lipid
peroxidation reaction[13-15]. The SOD activity and the MDA
content are the main index of the metabolic condition of
the free radicals. We acquired the new knowledge that the
free radicals play a key role in the mechanism of the gastric
carcinogenesis from our experimental data.
Active free radical reaction in gastric tissue advances the
arising of non-MGC
The gastric mucosa from the focus far-end, peripheral to
center area in non-MGC showed a pathological change from
normal, atypical hyperplasia to carcinoma, by morphological
observation. The SOD activity also showed a gradual
reduction and the MDA content a gradual increase in gastric
tissues from the focus far-end, peripheral to center areas.
These results showed that the intracellular antioxidation
ability in the gastric tissue was gradually reduced and the
free radical reaction was gradually active, resulting in the
injury of cells by the lipid peroxidation reaction, which
stimulated the pathological changes from normal gastric
mucous membrane to carcinoma[16-18].
The results further showed that the lower the
differentiation degree of the gastric carcinoma, the more
prominent the change of the free radicals metabolism. The
SOD activity was lower and the MDA content higher in the
groups C and D (gastric carcinoma grades III and IV) than
the groups A and B (gastric carcinoma grades I and II).
These results suggest two possible mechanisms: the first
one was that the active free radical reaction severely damages
the gastric mucous membrane cells, resulting in malignant
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change in the gastric mucous membrane from the normal
cell to poorly differentiated and undifferentiated carcinomas.
The second was that the carcinoma cells with poorly
differentiated, undifferentiated need to produce an amount
of the active free radicals for cells blooming division and
breeding for themselves[15,19].
Interestingly, our results showed that there was no
significant difference of the SOD activity in the far-end
area between groups A, B, C, and D. However, the
differences of the MDA content were very noticeable, i.e.,
the MDA content of the groups C and D (gastric carcinoma
grades III and IV) were very much higher than groups A
and B (gastric carcinoma grades I and II), indicated that
abnormal lipid peroxidation reaction of the gastric tissue in
far-end areas in groups C and D was not regulated by the
SOD activity, and the reduction of the ability of the
antioxidation was correlated with the widespread infiltration
of the gastric carcinoma tissue (gastric carcinoma grades
III and IV).
The tendency changes of the SOD activity and the MDA
content of gastric tissues in non-MGC (groups A-D) were
consistent with that in gastric ulcer (group F) from the focus
center, peripheral to far-end areas. Between groups A, B
and group F, the same level of the SOD activity and the
MDA content were found in the gastric tissues from the
focus center areas. Importantly, between the non-MGC
(groups A-D) and the gastric ulcer (group F), the differences
of the SOD activity and the MDA content were highly
noticeable in the gastric tissues from the focus peripheral
and far-end areas, which the SOD activity showed noticeable
increase and the MDA content showed noticeable decrease
in the gastric ulcer. It was suggested that there was high
ability of the antioxidation for protecting itself against
damage by the free radicals and could balance free radical
metabolism in the gastric tissue from the focus peripheral
and far-end areas in the gastric ulcer (group F). Meantime,
it was suggested that the changes of the free radicals
metabolism centralized mostly in the center area of gastric
ulcer, where the ability of the antioxidation was reduced
only in the local focus. Compared to the gastric ulcer
(group F), the variation of the SOD activity and the MDA
content were very small in the peripheral area and far-end
area in the non-MGC (groups A-D), suggested that the
ability of the antioxidation was reduced not only in the
local focus area but also in the abroad gastric tissues. This
imbalance of the free radical metabolism occurs in
whole gastric tissue, resulting in the reduction of the
protection itself of the gastric tissue and inducing the gastric
carcinogenesis, i.e., the arising of non-MGC[20,21].
Extreme reduction of the antioxidation ability in the gastric
tissue contributes to the arising of MGC
The mucinous adenocarcinoma and the signet-ring cell
carcinoma arising from the gastric mucosa possess large
quantity of mucus, inside or/and around the cancer cells.
And because of that characteristic nature, the cancer cells
have strong ability of infiltration and widespread distribution
in the gastric tissue. There were obvious differences of the
SOD activity and the MDA content in gastric mucinous
adenocarcinoma and signet-ring cell carcinoma, and classified

4309

as a special group (group E), compared to other type gastric
carcinoma. The obvious reduction and the same low level
of the SOD activity and the MDA content were found in
the tissues of the focus center, peripheral and far-end areas
in the MGC, where the free radical metabolism changed
obviously. The data in previous experiments showed an
inverse relationship between the SOD activity and the MDA
content in the tissues[13,15]. The low SOD activity induced
the reduction of the antioxidation ability and the increase
of the lipid peroxidation reaction, the metabolic product,
MDA, in the tissues. On the contrary, the increase of the
SOD activity inhibited the reaction of the lipid peroxidation,
resulting in the reduction of the metabolic product, MDA,
in the tissues. But in this study, the SOD activity decreased
greatly in the gastric tissue in the MGC, and the MDA
content as well. Interestingly, the SOD activity and the MDA
content decreased markedly to the same low level in the
tissues wherever focus center, peripheral and far-end areas
in the MGC. This condition of the free radicals metabolism
maybe related with the special pathological changes, where
there was an abundance of mucus in the tissues. The SOD
is the most important substance to eliminate free radical
system in cells and tissues and the level of SOD activity
represents the intracellular antioxidation ability[12,22]. The
utmost low level of the SOD activity represents the utmost
low level of the intracellular antioxidation ability in gastric
tissue with the MGC. It was considered accordingly that
the antioxidation ability was the base and precondition in
maintaining the normal physiological function, differentiation,
division, multiplication of the cells[20,23]. The loss of the
antioxidation ability may contribute to make the normal
cells become carcinoma cells[9,24-26] and the gastric tissues
cannot resist the infiltration of the cancer cells, resulting in
cancer cells spreading extensively in stomach wall.
Compared to gastric ulcer, there was a very low level of
the SOD activity in gastric tissues of center, peripheral and
far-end areas with the MGC and the low antioxidation
ability and the low defense function by themselves. The
MDA content, in the tissues from the focus peripheral and
far-end areas with the MGC and the ulcer, both were at the
same low level. But the SOD activity was increased greatly
in the tissues from the focus peripheral and far-end area
with gastric ulcer (group F). It suggested that there was still
a very strong antioxidation and protecting ability in the gastric
tissues from the peripheral and far-end areas with the gastric
ulcer (group F). It also confirmed that the extreme low
antioxidation ability and the low SOD activity in the gastric
tissues in the MGC (group E) were related to the causing
and development of the MGC, and can induce the
formation of the MGC. On the other hand, the very low
level of the MDA suggests the lipid peroxidation reaction
was inactive, which indicated that the arising of the MGC
was not related with the lipid peroxidation reaction to damage
of the tissues.

REFERENCES
1

Khanzode SS, Khanzode SD, Dakhale GN. Serum and plasma
concentration of oxidant and antioxidants in patients of
Helicobacter pylori gastritis and its correlation with gastric
cancer. Cancer Lett 2003; 195: 27-31

4310
2

3

4

5

6

7

8

9

10

11

12

13

14

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Janssen AM, Bosman CB, van Duijn W, Oostendorp-van de
Ruit MM, Kubben FJ, Griffioen G, Lamers CB, van Krieken JH,
van de Velde CJ, Verspaget HW. Superoxide dismutases in
gastric and esophageal cancer and the prognostic impact in
gastric cancer. Clin Cancer Res 2000; 6: 3183-3192
Fujisawa S, Atsumi T, Ishihara M, Kadoma Y. Cytotoxicity,
ROS-generation activity and radical-scavenging activity of
curcumin and related compounds. Anticancer Res 2004; 24:
563-569
Sander CS, Chang H, Hamm F, Elsner P, Thiele JJ. Role of
oxidative stress and the antioxidant network in cutaneous
carcinogenesis. Int J Dermatol 2004; 43: 326-335
Sanders PM, Tisdale MJ. Role of lipid-mobilising factor
(LMF) in protecting tumour cells from oxidative damage. Br
J Cancer 2004; 90: 1274-1278
Kim JJ, Chae SW, Hur GC, Cho SJ, Kim MK, Choi J, Nam SY,
Kim WH, Yang HK, Lee BL. Manganese superoxide dismutase
expression correlates with a poor prognosis in gastric cancer.
Pathobiology 2002-2003; 70: 353-360
Korenaga D, Yasuda M, Honda M, Nozoe T, Inutsuka S.
MnSOD expression within tumor cells is closely related to
mode of invasion in human gastric cancer. Oncol Rep 2003;
10: 27-30
Yasuda M, Takesue F, Inutsuka S, Honda M, Nozoe T,
Korenaga D. Prognostic significance of serum superoxide
dismutase activity in patients with gastric cancer. Gastric Cancer 2002; 9: 148-153
Toh Y, Kuninaka S, Oshiro T, Ikeda Y, Nakashima H, Baba H,
Kohnoe S, Okamura T, Mori M, Sugimachi K. Overexpression
of manganese superoxide dismutase mRNA may correlate
with aggressiveness in gastric and colorectal adenocarcinomas.
Int J Oncol 2000; 17: 107-112
Izutani R, Asano S, Imano M, Kuroda D, Kato M, Ohyanagi
H. Expression of manganese superoxide dismutase in esophageal and gastric cancers. J Gastroenterol 1998; 33: 816-822
Pang ZJ, Zhou M, Chen Y. The research method of free radicals medical science. 1st. Beijing: PEOPLE HYGIENE Pub
2000: 64 –66
Inoue M, Sato EF, Nishikawa M, Park AM, Kira Y, Imada I,
Utsumi K. Mitochondrial generation of reactive oxygen species
and its role in aerobic life. Curr Med Chem 2003; 10: 2495-2505
Arivazhagan S, Kavitha K, Nagini S. Erythrocyte lipid
peroxidation and antioxidants in gastric cancer patients. Cell
Biochem Funct 1997; 15: 15-18
Lee IS, Nishikawa A. Polyozellus multiplex, a Korean wild

15

16
17
18
19

20

21

22

23

24

25

26

July 28, 2005

Volume 11

Number 28

mushroom, as a potent chemopreventive agent against stomach cancer. Life Sci 2003; 73: 3225-3234
Skrzydlewska E, Kozuszko B, Sulkowska M, Bogdan Z,
Kozlowski M, Snarska J, Puchalski Z, Sulkowski S,
Skrzydlewski Z. Antioxidant potential in esophageal, stomach and colorectal cancers. Hepatogastroenterology 2003; 50:
126-131
Vukobrat-Bijedic Z. Carcinoma of the stomach. Med Arh
2003; 57(1 Suppl 2): 81-83
Tahara E. Genetic pathways of two types of gastric cancer.
IARC Sci Publ 2004; 157: 327-349
Correa P. The biological model of gastric carcinogenesis. IARC
Sci Publ 2004; 157: 301-310
Policastro L, Molinari B, Larcher F, Blanco P, Podhajcer OL,
Costa CS, Rojas P, Duran H. Imbalance of antioxidant enzymes in tumor cells and inhibition of proliferation and malignant features by scavenging hydrogen peroxide. Mol
Carcinog 2004; 39: 103-113
Eapen CE, Madesh M, Balasubramanian KA, Pulimood A,
Mathan M, Ramakrishna BS. Mucosal mitochondrial function and antioxidant defences in patients with gastric
carcinoma. Scand J Gastroenterol 1998; 33: 975-981
Zavros Y, Kao JY, Merchant JL. Inflammation and cancer III.
Somatostatin and the innate immune system. Am J Physiol
Gastrointest Liver Physiol 2004; 286: G698-701
Izutani R, Kato M, Asano S, Imano M, Ohyanagi H. Expression of manganese superoxide disumutase influences
chemosensitivity in esophageal and gastric cancers. Cancer
Detect Prev 2002; 26: 213-221
Zheng QS, Sun XL, Wang CH. Redifferentiation of human
gastric cancer cells induced by ascorbic acid and sodium
selenite. Biomed Environ Sci 2002; 15: 223-232
Magalova T, Bella V, Brtkova A, Beno I, Kudlackova M,
Volkovova K. Copper, zinc and superoxide dismutase in
precancerous, benign diseases and gastric, colorectal and
breast cancer. Neoplasma 1999; 46: 100-104
Shimoyama S, Aoki F, Kawahara M, Yahagi N, Motoi T,
Kuramoto S, Kaminishi M. Early gastric cancer development
in a familial adenomatous polyposis patient. Dig Dis Sci 2004;
49: 260-265
Macarthur M, Hold GL, El-Omar EM. Inflammation and
Cancer II. Role of chronic inflammation and cytokine
genepolymorphisms in the pathogenesis of gastrointestinal
malignancy. Am J Physiol Gastrointest Liver Physiol 2004; 286:
G515-520
Science Editor Guo SY Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(28):4311-4316
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• GASTRIC CANCER •

Nutritional factors and gastric cancer in Zhoushan Islands, China
Jiong-Liang Qiu, Kun Chen, Jian-Ning Zheng, Jian-Yue Wang, Li-Jun Zhang, Li-Ming Sui
Jiong-Liang Qiu, Jian-Ning Zheng, Department of Health and
Quarantine, Ningbo Entry-Exit Inspection and Quarantine Bureau,
Ningbo 315012, Zhejiang Province, China
Kun Chen, Department of Epidemiology, Zhejiang University School
of Public Health, Hangzhou 310006, Zhejiang Province, China
Jian-Yue Wang, Zhoushan Center for Disease Prevention and
Control, Zhoushan 316000, Zhejiang Province, China
Li-Jun Zhang, Li-Ming Sui, Jiangdong Center for Disease Prevention
and Control, Ningbo 315000, Zhejiang Province, China
Supported by the Foundation of Ministry of Public Health of
China, No. WKZ-2001-1-17
Correspondence to: Dr. Jiong-Liang Qiu, Department of Health
and Quarantine, Ningbo Entry-Exit Inspection and Quarantine
Bureau, 9 Ma-yuan Road, Ningbo 315012, Zhejiang Province,
China. qiujunliang@163.com
Telephone: +86-574-87022519 Fax: +86-574-87146206
Received: 2004-10-26 Accepted: 2004-12-21

Abstract
AIM: To investigate the association between nutrient
intakes and high incidence rate of gastric cancer among
residents in Zhoushan Islands.
METHODS: A frequency-matched design of case-control
study was used during the survey on dietary factors and
gastric cancer in Zhoushan Islands, China. A total of 103
cases of gastric cancer diagnosed in 2001 were included
in the study and 133 controls were randomly selected
from the residents in Zhoushan Islands. A food frequency
questionnaire was specifically designed for the Chinese
dietary pattern to collect information on dietary intake. A
computerized database of the dietary and other relative
information of each participant was completed. Total
calories and 15 nutrients were calculated according to
the food composition table and their adjusted odds ratios
(ORs) and 95% confidence intervals (CIs) were estimated
by gender using unconditional logistic regression models.
RESULTS: High intakes of protein, saturated fat, and
cholesterol were observed with the increased risk of
gastric cancer particularly among males (ORQ4 vs Q1 were
10.3, 3.24, 2.76 respectively). While carbohydrate was a
significant high-risk nutrient (ORQ4 vs Q1 = 14.8; P for linear
trend = 0.024) among females. Regardless of their
gender, the cases reported significantly higher daily intake
of sodium mainly from salts. As to the nutrients of vitamins
A and C, an inversed association with the risk of GC was
found. Baseline characteristics of participants were briefly
described.
CONCLUSION: The findings from this study confirm the
role of diet-related exposure in the etiology of gastric
cancer from the point of view of epidemiology. An

increased risk of gastric cancer is associated with high
intakes of protein, saturated fat, cholesterol and sodium,
while consumption of polyunsaturated fat, vitamin A and
ascorbic acid may have a protective effect against gastric
cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Though a decreasing trend is observed in nearly all countries,
gastric cancer is one of the most common cancers in the
world and the second leading cause of cancer death [1].
Although many risk factors have been suggested, the
causative and protective agents for gastric cancer remain
to be clarified. Nutritional factors are thought to be
paramount, with N-nitroso and other dietary compounds
acting as carcinogens, while anti-oxidants and other
protective substances in foods inhibit the carcinogenic
process[2].
In China, parts of high-risk areas for gastric cancer are
located in the eastern coastlands including Zhoushan Islands,
the fourth archipelago and also the largest fishing ground
in China. As the first leading cancer in Zhoushan, the
age-standardized annual incidence rate of gastric cancer
varied from 35 to 40 per 100 000 in 1980-1985, which is
higher than the national level (about 25.0 per 100 000). To
investigate the risk factors for this common cancer in the
coastal areas, we conducted a population-based case-control
study in Zhoushan to obtain information on the frequency
of consumption and portion size of common foods, and
found that intake of certain nutrients in these foods
influences the risk of gastric cancer.
MA
TERIALS AND METHODS
MATERIALS
The data-collection period for the study spanned through
the whole year of 2001 and comprised all the islands in
Zhoushan, Zhejiang Province. The study population included
138 newly diagnosed patients with gastric cancer between
December 1, 2000 and November 30, 2001 and 140
controls as a representative sample of residents in the
same area.
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All the cases were identified at the five largest hospitals
in Zhoushan Islands. Of the 138 eligible patients, 10 (7.3%)
died before interview, 18 (10.2%) could not be contacted
as they were from distant islands, 7 (5.1%) refused to
participate. Of the 103 (81 men and 22 women) patients
included in the analysis, 56.3% were confirmed by histology
according to the Lauren classification[3] and 43.7% by other
diagnostic methods including surgery, endoscopy, X-ray and
ultrasound. Controls were selected from permanent residents
in Zhoushan Islands, frequency matched to the expected
distribution of cases by gender, age (10-year groups), and
residents of the islands. Of the 140 eligible controls
randomly selected from the Zhoushan resident files, 133
(95 men and 38 women) were interviewed, yielding a
response rate of 95.0%. Each subject was interviewed
face-to-face by trained interviewers.
Dietary information
A questionnaire was designed to collect information on
demographic and socio-economic conditions, diet, cigarette
smoking, alcohol drinking, history of selected diseases, family
history of cancer, occupation, and other factors. Frequency
of intake and portion size in a 12-mo period 1 year before
the interview were assessed for more than 60 food and
beverage items, which included information on dairy
products, fruits, meat, processed meat, fish, vegetables and
candies, etc. These items accounted for over 85% of food
intake in Zhoushan residents. For each food, amount
consumed was estimated according to models of the more
frequently consumed foods. Consumption of seasonal
vegetables and fruits was assessed on the basis of average
intake during the relevant period of the year.
Nutrient intake
Fifteen priority nutrients and total calories were selected
beforehand as previously described[4-6]. Quantitative estimate
of cumulative nutrient intake per day in each food was
based on food tables derived from the Chinese Food
Composition Tables. Total intake of each nutrient was
summed over all foods consumed. The Matlab5.0 software
was used for processing these procedures by the method
of multiplication of matrix[7].
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The lowest level of consumption was used as the reference
category in the estimation. All ORs were adjusted for age,
economic status (based on monthly family per capita income),
present residence, educational level and total calories. In
addition, ORs for men were further adjusted for cigarette
smoking and alcohol drinking, confounding factors common
in Chinese men but not in Chinese women (only 5% of
women smoke, and 6.7% drink alcohol regularly).
For testing of linear trends, the ordinal nutrient intake
variables were treated as continuous variables. In this step,
P 0.05 was considered as evidence for a dose-response
relationship. All analyses were carried out by the SPSS version
10.0 software.

RESUL
TS
RESULTS
Selected characteristics of the study population are shown
in Table 1. Due to the frequency-matching procedure by
age, gender and present residence, the characteristics of
these three variables were similar. Compared to controls,
only the age of patients was slightly older (median age
63 years for cases and 60 years for controls). Among

Table 1 Distribution of 103 cases of gastric cancer and 133 controls according to age, gender, address and selected variables
Characteristics

Cases
(n = 103)

Controls
(n = 133)

Average

3 (30–85)

60 (28–82)

45

6

20

46–55

27

32

56–65

32

38

66–75

30

38

76–85

8

5

Males

81

95

Females

22

38

χ2

P

Age (yr)

6.40

0.172

1.59

0.210

3.20

0.202

5.89

0.053

12.15

0.002

1.35

0.246

1.86

0.173

Gender

Present residence1
Large islands

70

76

Medium islands

17

33

Small islands

16

24

Education (yr)

Data analysis and control of confounding
Descriptive analysis of nutrient intake for cases and controls
was carried out by computing medians and percentages
because of biased distributions of the data, which could
not be transformed into nor mal with logarithmic
transformations. The medians were compared by the
nonparametric median test.
Then continuous variables of nutrient intake were
divided into quartiles based on the distribution in controls,
with an approximately equal number of controls in each
intake stratum. The amount of intake varied substantially
between the sexes, hence sex-specific cutpoints were used
for amount of nutrient intake. Risk of gastric cancer
associated with dietary factors was estimated by odds
ratios (ORs) and its 95% confidence intervals (CIs), using
unconditional logistic regression models. Each classified
nutrient was introduced into the model as a dummy variable.

<7

43

45

7–12

58

76

13

2

12

Economic status
Low

46

30

Medium

32

44

High

25

51

Ever-smokers

62

70

Non-smokers

41

63

Ever-drinkers

58

63

Non-drinkers

45

70

Cigarette smoking

Alcohol drinking

1
Three categories of islands were classified according to the number of
permanent residents on islands: Dinghai, Putuo, and Daishan Islands, which
are the three main islands in Zhoushan, predefined as the large islands; the
islands on which the number of permanent residents is over 25 000, defined as
the medium islands; the residual defined as the small islands.
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Table 2 Medians of daily intake of nutrients in gastric cancer cases and controls, Zhoushan, China
Males

Nutrient/d

Total calories (kJ)

Females

All

Cases
(n = 81)

Controls
(n = 95)

Cases
(n = 22)

Controls
(n = 38)

Cases
(n = 103)

Controls
(n = 133)

2 963.25

3 073.16

3 002.32b

2 420.08b

2 984.54

2 937.73

94.21

88.33

98.34a

76.92a

95.17a

85.21a

a

a

57.48

Macronutrients
Protein (g)
Fat (g)

61.04

65.04

56.23

42.65

60.60

Saturated fat (g)

8.90

9.44

6.33a

4.64a

8.70

8.44

Mono-unsaturated fat (g)

22.42

24.47

18.29

14.92

22.38

20.82

Polyunsaturated fat (g)

16.74

16.69

14.43

14.46

16.11

16.23

10.11

10.40

9.78

9.39

10.10

10.33

Carbohydrates (g)

403.36

404.93

411.34

287.31

404.19

359.27

Cholesterol (mg)

170.75

136.44

144.57a

160.43a

115.02a

827.38

443.62a

555.30a

a

Fiber (g)

62.56a

Micronutrients
443.54b

Carotene (µg)
Vitamin A (µg)

135.35

521.48b

a

455.38

a

181.01

164.59

175.70

142.13

179.96a

Vitamin C (mg)

42.49

38.94

49.29

61.36

43.64

41.04

Vitamin E (mg)

26.12

25.64

21.54

21.46

24.82

24.95

Na (mg)

6 700.32

5 074.32

Ca (mg)

464.08

Se (µg)

57.35

Mineral salts
7 000.52 a

4 960.27a

6 734.41a

4 963.28a

448.26

560.28

460.57

478.91

448.26

49.78

53.60

56.02

53.96

52.13

a

P<0.05; bP<0.10 vs others.

non-dietary variables considered, the major determinants
of gastric cancer risk were indicators of socio-economic
status. For instance, 41.8% of the cases and 33.8% of the
controls reported less than 7 years of education, 58.2% of
the cases and 66.2% of the controls reported 7 years or
more of education. As for the economic status, patients
tended to have lower monthly income (44.7% of cases and
22.6% of controls with an average per capita income of 36
Chinese Yuan/month or less). No material difference in
smoking/drinking habits was observed between cases and
controls.
Table 2 shows the medians of daily nutrient intakes in
the gastric-cancer cases and the controls according to gender.

Overall, the cases reported significantly higher consumption
of protein, cholesterol and Na (sodium) than controls, but
these differences were significant only in the females. For
controls, consumption of carotene and vitamin E was much
higher, and on the contrary, the differences were significant
in the males.
The multivariate-adjusted ORs for the quartile distributions
of the macronutrients (Table 3) showed a significant positive
linear trend for the risk of gastric cancer with increasing
consumption of protein and cholesterol in males, whereas
total fat and carbohydrates in females. The ORs for the
highest quartile compared to the lowest quartile of
consumption frequency significantly elevated for protein

Table 3 Odds ratios1 (ORs) and 95% confidence intervals (CIs) of gastric cancer in relation to quartiles of macronutrients by sex, Zhoushan,
China
Nutrient/d2

Males
Q1

Q2

Q3

Q4

P for
trend

1.26 (0.51–3.11)

>0.10

Total calories

1.0 1.20 (0.50–2.87)

1.02 (0.39–2.64)

Protein

1.0

5.11 (1.26–20.76)

Fat

1.0 1.29 (0.52–3.2)

1.21 (0.46–3.17)

1.01 (0.35–2.92)

Saturated fat

1.0 2.51 (0.90–6.97)

2.34 (0.81–6.8)

3.24 (1.11–9.49)

Monounsaturated

1.0 1.62 (0.67–3.94)

1.24 (0.49–3.17)

1.17 (0.43–3.22)

1.0 1.21 (0.46–3.17)

1.72 (0.66–4.46)

0.96 (0.33–2.78)

Fiber

1.0 1.69 (0.58–4.92)

Carbohydrates

1.0 1.39 (0.47–4.11)

Cholesterol

1.0 1.08 (0.40–2.87)

2.53 (0.99–6.44)

3.00 (1.02–8.85)

Females
Q1

Q2

Q3

P for
trend

1.0

1.45 (0.27–7.89)

2.75 (0.45–16.84)

>0.10

1.0

4.28 (0.50–36.77) 1.71 (0.13–22.37)

6.10 (0.39–94.66)

>0.10

1.0

1.38 (0.21–8.9)

1.85 (0.23–14.74)

8.26 (1.03–66.51)

1.0

0.24 (0.02–3.11)

3.34 (0.52–21.44)

3.42 (0.48–24.49)

>0.10

1.0

0.30 (0.03–2.59)

1.83 (0.31–10.76) 1.32 (0.17–10.4)

>0.10

1.0

0.21 (0.03–1.37)

0.47 (0.09–2.57)

0.69 (0.20–2.37)

2.41 (0.51–11.52) >0.10

1.0

1.82 (0.30–10.9)

1.9 (0.27–13.44)

1.6 (0.41–6.27)

2.14 (0.35–13.04) >0.10

1.0

0.94 (0.1–8.57)

3.27 (0.37–28.84) 14.78 (1.11–197.32)

2.76 (1.01–7.53)

1.0

6.05 (0.53–69.17) 5.31 (0.44–63.44)

10.30 (1.83–58.12)

0.010
>0.10
0.060

1.41 (0.26–7.74)

Q4

0.023
0.094
>0.10

fat
Polyunsaturated

0.10 (0.01–0.80)

0.068

fat

0.050

0.72 (0.06–8.97)

11.9 (0.97–146.53)

>0.10
0.024
0.062

1
Adjusted for age, present residence, education, economic status, smoking (males only), alcoholics (males only) and total calories intake; 2Data are ORs, with 95%CIs in
parentheses.
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Table 4 Odds ratios (ORs)1 and 95% confidence intervals (CIs) of gastric cancer in relation to quartiles of micronutrients and mineral salts
by sex, Zhoushan, China
Nutrient/d2

Males

Females

P for
trend

Q1

Q2

Q3

Q4

P for
trend

0.81 (0.23–2.85)

>0.10

1.0

0.37 (0.08–1.70)

0.37 (0.08–1.78)

-3

0.025

0.91 (0.39–2.15)

0.43 (0.16–1.21)

>0.10

1.0

0.32 (0.05–2.21)

0.55 (0.10–3.14)

0.10 (0.01–0.89)

1.40 (0.53–3.67)

0.88 (0.31–2.53)

>0.10

1.0

0.48 (0.09–2.5)

0.73 (0.15–3.6)

0.07 (0.01–0.95)

>0.10

0.79 (0.29–2.11)

0.88 (0.34–2.29)

0.77 (0.26–2.26)

>0.10

1.0

0.93 (0.17–5.03)

1.32 (0.24–7.26)

0.95 (0.15–6.16)

>0.10

1.36 (0.50–3.7)

0.91 (0.33–2.5)

3.22 (1.25–8.26)

0.070

1.0

3.70 (0.43–31.75)

0.75 (0.09–6.62)

8.40 (1.09–64.77) >0.10

Q1

Q2

Q3

Carotene

1.0

1.82 (0.81–4.08)

0.40 (0.12–1.35)

Vitamin A

1.0

0.59 (0.24–1.45)

Vitamin C

1.0

1.15 (0.42–3.18)

Vitamin E

1.0

Na

1.0

Q4

0.091

Ca

1.0

1.65 (0.64–4.20)

1.30 (0.46–3.62)

2.37 (0.81–6.91)

>0.10

1.0

2.30 (0.32–16.54)

3.78 (0.44–32.28)

4.79 (0.58–39.17) >0.10

Se

1.0

0.48 (0.17–1.37)

0.78 (0.26–2.39)

1.23 (0.37–4.09)

>0.10

1.0

1.18 (0.20–6.87)

0.68 (0.11–4.23)

0.75 (0.12–4.68)

>0.10

1
Adjusted for age, present residence, education, economic status, smoking (males only), alcoholics (males only) and total calories intake; 2Data are ORs, with 95%CIs in
parentheses; -3ORQ4 vs Q1 and 95%CI Q4 vs Q1 could not be calculated because of the null value of cases in the 4th group among females.

(OR, 10.30; 95%CI, 1.83-58.12), saturated fat (OR, 3.24;
95%CI, 1.11-9.49) and cholesterol (OR, 2.76; 95%CI,
1.01-7.53) in males. In females the risks remained elevated
with increasing consumption of total fat (ORQ4 vs Q1, 8.26;
95%CI, 1.03-66.51) and carbohydrates (ORQ4 vs Q1, 14.78;
95%CI, 1.11-197.32). A marginally significant inverse linear
trend was also observed for frequent consumption of
polyunsaturated fat (ORQ4 vs Q1, 0.10; 95%CI, 0.01-0.80) with
the test for trend (P = 0.068).
The results of the micronutrient-intake (Table 4) uncovered
a protective effect of vitamin A, with a marginally significant
linear trend that held only for females (OR Q4 vs Q1, 0.10;
95%CI, 0.01-0.89). Similarly, a protective effect was seen
for the highest category of vitamin C consumption in female
cases of gastric cancer (OR, 0.07; 95%CI, 0.01-0.95), but
no linear trend was found (P>0.10). In this data set, we
found no significant relationship of gastric cancer with intake
of vitamin E and carotene, although most OR values
suggested a protective effect of them. Results from the
analysis of mineral salt intake suggested a significant
high-risk effect of sodium, regardless of their gender (ORQ4
vs Q1, 3.22; 95%CI, 1.25-8.26 in males; ORQ4 vs Q1, 8.4; 95%CI,
1.09-64.77 in females).
Further adjustment for other potential confounding
factors, such as green tea drinking, occupation and family
history of cancer, did not affect the associations with nutrient
intakes. While 44% of the cases were diagnosed by methods
other than histological confirmation, exclusion of these cases
also did not alter our main findings.

DISCUSSION
The findings of this study confirm that several dietary
factors identified elsewhere can also explain the incidence
of gastric cancer in Zhoushan, Zhejiang Province, though
gastric cancer did not decline in Zhoushan during the last
20 years. We also found that the incidence of gastric cancer
in males and females is differently related to the intake of
specific nutrients.
The results pertaining to an increased risk of gastric
cancer due to the consumption of protein, fat and
cholesterol are similar to those reported by Palli et al., in
Italy [4]. In our study, the relationship between protein,
saturated fat and cholesterol intake and gastric cancer was
stronger in males after adjustment for other confounding

factors. Nitrites and salt in processed and smoked meats,
commonly in the Zhoushan diet, are thought to play a role
in the etiology of gastric cancer[9]. In this regard, it is possible
that saturated fat, cholesterol and protein consumption
should be considered as proxy indicators for processed-meat
consumption. We also found a protective effect of
polyunsaturated fat against gastric cancer particularly in
females, which is supported by other studies[10,11].
A positive association with dietary carbohydrates has
been reported in several studies of gastric cancer[5,12,13]. In
our study, the excess risk associated with carbohydrates
contained in rice, noodles, and biscuits in the Chinese diet,
could not be explained by education, present residence and
economic status, although residual confounding by these or
other unmeasured variables remains possible. Furthermore,
the risk effect was stronger in females. The mechanism by
which high consumption of carbohydrates may increase
the risk of gastric cancer is unclear, but several possibilities
have been suggested, including physical irritation (especially
from rough whole-grain cereals), reduction in gastric mucin,
and lowering of gastric pH with promotion of acid-catalyzed
nitrosation[14].
The most consistent finding in the relation between diet
and gastric cancer is the protective effect of vegetables
and fruits[15-17]. A large number of potentially anti-carcinogenic
agents are found in these food sources, such as carotenoids,
vitamin C, vitamin A, fiber, and vitamin E, etc. In our study,
we found a strong protective effect of vitamin A and vitamin
C consumption against gastric cancer, particularly in females.
Although the protective effect of vitamin C against gastric
cancer has been mostly ascribed to its ability to inhibit
formation of N-nitroso compounds from secondary amines
and nitrite in the stomach, the role of vitamin C as a
free-radical scavenger may be equally important [18,19] .
Vitamin A is also a well-known antioxidant, but its protective
effect against gastric cancer is only occasionally reported[12,20].
The decrease of gastric cancer risk in association with
consumption of dietary fiber has also been observed[21].
However, the mechanism of this protective effect has not
yet been identified[6]. Because vegetables and fruits not only
are sources of fiber, but are the main contributions of
vitamins A and C. Fiber may simply be a good indicator of
consumption of plant food. As for the protective effect of
vitamin E against gastric cancer, the epidemiologic results
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are also inconsistent [6,13,22-24]. In view of the anti-oxidant
properties of vitamin E, it has the same mechanism as
ascorbic acid. Our results are more inclined to support the
hypothesis that vitamin E might reduce the risk of gastric
cancer.
The analysis of mineral salts suggested that only sodium
mainly from salts had an increased risk for gastric cancer,
regardless of the gender. Foods that are high in salt or
preserved with salt in some form (dried or pickled food)
are associated with an increased risk for gastric cancer[1,23,25].
Although the exact mechanism by which salt predisposes
to gastric cancer is not known, salt can irritate the gastric
cancer mucosa, making it more susceptible to carcinogenic
change. Salt may also lead to atrophic gastritis, which is
associated with increased risk for gastric cancer [26-29].
Atrophic gastritis can lead to colonization by bacteria that
can catalyze the conversion of nitrites to carcinogenic
N-nitroso compounds[30,31].
Although our findings are consistent with most previous
studies of gastric cancer conducted in other countries, several
potential limitations of our study should be noted. While
the participation rate of the controls was relatively high
(95%), only 75% of the eligible cases participated. Since
there was generally a 3-mo delay between diagnosis and
interview with cases, a few (10%) could not be connected
for living in distant islands. Another main reason for
non-participation was the death that occurred among cases
(7.3%), thus raising the possibility of survival bias. If the
identified risk factors could also affect the survival of gastric
cancer patients, then exclusion of deceased cases may
underestimate the true risks associated with these factors.
On the other hand, selection bias, which tends to shift the
risk estimates away from unity, should also be minimal since
a small percentage of subjects refused to participate. As
for the recall bias commonly existed in the dietary survey,
efforts have been made to minimize it in various ways,
including extensive training of interviewers, use of a
standardized questionnaire and models of the more
frequently consumed foods. But there were still many other
potential recall biases not considered.
An additional limitation is that many nutrients are
contained in the same food, and there is some correlation
between the intake of certain nutrients, making it difficult
to differentiate individual effects. Associations may also
appear merely by chance because of the associations
analyzed.
In summary, our results from the coastal areas confirm
again that the diet plays an important role in the etiology of
gastric cancer, and interventions against bad dietary
structures may be important for the prevention of gastric
cancer.

ACKNOWLEDGMENTS
The authors thank Dr. Yong-Nian Zhou et al., and interns
Jing Zhen et al., for their participation in the dietary survey,
and Zhoushan No. 1 Hospital, Zhoushan No. 3 Hospital,
Zhoushan Traditional Chinese Medicine Hospital, People’s
Hospital of Putuo Islands, People’s Hospital of Daishan
Islands for their participation in this study.

4315

REFERENCES
1
2
3

4

5

6

7
8

9

10

11

12

13

14

15

16

17

18
19

20

21
22

Geng GY, Liu RZ, Wang PS. EPIDEMIOLOGY (Volume Three).
Beijing, People’s Medical Publishing House 1996: 210-238
Palli D. Epidemiology of gastric cancer: an evaluation of
available evidence. J Gastroenterol 2000; 35(Suppl): 1284-1289
Laur’En P. The two histological main types of gastric
carcinoma: diffuse and so called intestinal-type carcinoma.
An attempt at a histo-clinical classification. Acta Pathol
Microbiol Scand 1965; 64: 31-49
Palli D, Russo A, Decarli A. Dietary patterns, nutrient intake
and gastric cancer in a high-risk area of Italy. Cancer Causes
Control 2001; 12: 163-172
Chen H, Tucker KL, Graubard BI, Heineman EF, Markin RS,
Potischman NA, Russell RM, Weisenburger DD, Ward MH.
Nutrient intakes and adenocarcinoma of the esophagus and
distal stomach. Nutr Cancer 2002; 42: 33-40
Lopez-Carrillo L, Lopez-Cervantes M, Ward MH, BravoAlvarado J, Ramirez-Espitia A. Nutrient intake and gastric
cancer in Mexico. Int J Cancer 1999; 83: 601-605
Xiao JS, Wang MR. Matlab5.X and Scientific Calculation.
Beijing, Tsinghua Publishing House 2000: 28-36
Ngoan LT, Mizoue T, Fujino Y, Tokui N, Yoshimura T. Dietary factors and stomach cancer mortality. Br J Cancer 2002;
87: 37-42
van den Brandt PA, Botterweck AA, Goldbohm RA. Salt
intake, cured meat consumption, refrigerator use and stomach cancer incidence: a prospective cohort study (Netherlands).
Cancer Causes Control 2003; 14: 427-438
Kim DY, Cho MH, Yang HK, Hemminki K, Kim JP, Jang JJ,
Kumar R. Detection of methylation damage in DNA of gastric cancer tissues using 32P postlabelling assay. Jpn J Cancer Res 1999; 90: 1104-1108
Chung S, Park S, Yang CH. Unsaturated fatty acids bind
Myc-Max transcription factor and inhibit Myc-Max-DNA
complex formation. Cancer Lett 2002; 188: 153-162
Azevedo LF, Salgueiro LF, Claro R, Teixeira-Pinto A, CostaPereira A. Diet and gastric cancer in Portugal-a multivariate
model. Eur J Cancer Prev 1999; 8: 41-48
Jedrychowski W, Popiela T, Steindorf K, Tobiasz-Adamczyk
B, Kulig J, Penar A, Wahrendorf J. Nutrient intake patterns in
gastric and colorectal cancers. Int J Occup Med Environ Health
2001; 14: 391-395
Munoz N, Plummer M, Vivas J, Moreno V, De Sanjose S,
Lopez G, Oliver W. A case-control study of gastric cancer in
Venezuela. Int J Cancer 2001; 93: 417-423
De Stefani E, Correa P, Boffetta P, Ronco A, Brennan P,
Deneo-Pellegrini H, Mendilaharsu M. Plant foods and risk of
gastric cancer: a case-control study in Uruguay. Eur J Cancer
Prev 2001; 10: 357-364
Engel LS, Chow WH, Vaughan TL, Gammon MD, Risch HA,
Stanford JL, Schoenberg JB, Mayne ST, Dubrow R, Rotterdam
H, West AB, Blaser M, Blot WJ, Gail MH, Fraumeni JF Jr.
Population attributable risks of esophageal and gastric
cancers. J Natl Cancer Inst 2003; 95: 1404-1413
Palli D, Russo A, Ottini L, Masala G, Saieva C, Amorosi A,
Cama A, D’Amico C, Falchetti M, Palmirotta R, Decarli A,
Costantini RM, Fraumeni JF Jr. Red meat, family history, and
increased risk of gastric cancer with microsatellite instability.
Cancer Res 2001; 61: 5415-5419
Steinmetz KA, Potter JD. Vegetables, fruit, and cancer. II.
Mechanisms. Cancer Causes Control 1991; 2: 427-442
Bartsch H, Ohshima H, Pignatelli B. Inhibitors of endogenous
nitrosation. Mechanisms and implications in human cancer
prevention. Mutat Res 1988; 202: 307-324
Abneth CC, Qiao YL, Dawsey SM, Buckman DW, Yang CS,
Blot WJ, Dong ZW, Taylor PR, Mark SD. Prospective study of
serum retinol, beta-carotene, beta-cryptoxanthin, and lutein/
zeaxanthin and esophageal and gastric cancers in China. Cancer Causes Control 2003; 14: 645-655
Roth J, Mobarhan S. Preventive role of dietary fiber in gastric
cardia cancers. Nutr Rev 2001; 59: 372-374
Taylor PR, Qiao YL, Abnet CC, Dawsey SM, Yang CS, Gunter

4316

23

24
25

26

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

EW, Wang W, Blot WJ, Dong ZW, Mark SD. Prospective
study of serum vitamin E levels and esophageal and gastric
cancers. J Natl Cancer Ins 2003; 95: 1414-1416
Ekstrom AM, Serafini M, Nyren O, Hansson LE, Ye W, Wolk
A. Dietary antioxidant intake and the risk of cardia cancer
and noncardia cancer of the intestinal and diffuse types: a
population-based case-control study in Sweden. Int J Cancer
2000; 87: 133-140
Kono S, Hirohata T. Nutrition and stomach cancer. Cancer
Causes Control 1996; 7: 41-55
Tsugane S, Sasazuki S, Kobayashi M, Sasaki S. Salt and
salted food intake and subsequent risk of gastric cancer among
middle-aged Japanese men and women. Salt and salted food
intake and subsequent risk of gastric cancer among middleaged Japanese men and women. Br J Cancer 2004; 90: 128-134
Wang M, Guo C, Li M. A case-control study on the dietary

27

28
29

30
31

July 28, 2005

Volume 11

Number 28

risk factors of upper digestive tract cancer. Zhonghua
Liuxingbingxue Zazhi 1999; 20: 95-97
Fox JG, Dangler CA, Taylor NS, King A, Koh TJ, Wang TC.
High-salt diet induces gastric epithelial hyperplasia and parietal cell loss, and enhances Helicobacter pylori colonization in
C57BL/6 mice. Cancer Res 1999; 59: 4823-4828
Tuyns AJ. Salt and gastrointestinal cancer. Nutr Cancer 1988;
11: 229-232
Kuipers EJ. Review article: Relationship between Helicobacter
pylori, atrophic gastritis and gastric cancer. Aliment Pharmacol
Ther 1998; 12(Suppl 1): 25-36
Hill MJ. Bacterial N-nitrosation and gastric carcinogenesis in
humans. Ital J Gastroenterol 1991; 23: 17-23
Walters CL, Smith PL, Reed PI, Haines K, House FR. Nnitroso compounds in gastric juice and their relationship to
gastroduodenal disease. IARC Sci Publ 1982: 345-355

Science Editor Wang XL and Guo SY Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(28):4317-4320
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• LIVER CANCER •

Growth inhibition of high-intensity focused ultrasound on hepatic
cancer in vivo
Xiu-Jie Wang, Shu-Lan Yuan, Yan-Rong Lu, Jie Zhang, Bo-Tao Liu, Wen-Fu Zeng, Yue-Ming He, Yu-Rui Fu
Xiu-Jie Wang, Shu-Lan Yuan, Yan-Rong Lu, Jie Zhang, Division
of Experimental Oncology, Key Laboratory of Biotherapy of Human
Diseases of Ministry of Education, PR China; West China Hospital,
Sichuan University, Chengdu 610041, Sichuan Province, China
Bo-Tao Liu, Wen-Fu Zeng, Yue-Ming He, Yu-Rui Fu, Mianyang
Electronic Equipment Factory, Mianyang 621000, Sichuan Province,
China
Supported by the Grant from National Economic Trade Committee,
No. 2000-312-2
Correspondence to: Xiu-Jie Wang, Division of Experimental
Oncology, Key Laboratory of Biotherapy of Human Diseases of
Ministry of Education, PR China; West China Hospital, Sichuan
University, Chengdu 610041, Sichuan Province,
China. xiujiewang@sina.com
Telephone: +86-28-5423039 Fax: +86-28-85171476
Received: 2004-09-25 Accepted: 2004-10-26

Abstract
AIM: To investigate the damaging effect of high-intensity
focused ultrasound (HIFU) on cancer cells and the inhibitory
effect on tumor growth.
METHODS: Murine H22 hepatic cancer cells were treated
with HIFU at the same intensity for different lengths of
time and at different intensities for the same length of
time in vitro, the dead cancer cells were determined by
trypan blue staining. Two groups of cancer cells treated
with HIFU at the lowest and highest intensity were
inoculated into mice. Tumor masses were removed and
weighed after 2 wk, tumor growth in each group was
confirmed pathologically.
RESULTS: The death rate of cancer cells treated with
HIFU at 1 000 W/cm2 for 0.5, 1, 2, 4, 8, and 12 s was
3.11±1.21%, 13.37±2.56%, 38.84±3.68%, 47.22±5.76%,
87.55±7.32%, and 94.33±8.11%, respectively. A positive
relationship between the death rates of cancer cells and
the length of HIFU treatment time was found (r = 0.96,
P<0.01). The death rate of cancer cells treated with HIFU
at the intensity of 100, 200, 400, 600, 800, and 1 000 W/cm2
for 8 s was 26.31±3.26%, 31.00±3.87%, 41.97±5.86%,
72.23±8.12%, 94.90±8.67%, and 99.30±9.18%,
respectively. A positive relationship between the death
rates of cancer cells and the intensities of HIFU treatment
was confirmed (r = 0.98, P<0.01). The cancer cells treated
with HIFU at 1 000 W/cm2 for 8 s were inoculated into
mice ex vivo. The tumor inhibitory rate was 90.35%
compared to the control (P<0.01). In the experimental
group inoculated with the cancer cells treated with HIFU
at 1 000 W/cm2 for 0.5 s, the tumor inhibitory rate was
22.9% (P<0.01). By pathological examination, tumor

growth was confirmed in 8 out of 14 mice (57.14%, 8/14)
inoculated with the cancer cells treated with HIFU at
1 000 W/cm2 for 8 s, which was significantly lower than
that in the control (100%, 15/15, P<0.05).
CONCLUSION: HIFU is effective on killing or damage of
H22 hepatic cancer cells in vitro and on inhibiting tumor
growth in mice ex vivo.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
High-intensity focused ultrasound (HIFU) consists of
focused ultrasound (ULS) waves emitted from a transducer
and is capable of inducing tissue damage. By means of this
thermal effect and other mechanisms, HIFU-treated tumor
tissues result in direct thermal cytotoxic necrosis and
fibrosis, thus leading to inhibition of tumor growth.
Therefore, HIFU is a new-sophisticated high-technology
based minimally invasive treatment option for some cancers,
which allows radiation-free treatment. Until now there are
many kinds of tumors, such as tumors of prostate, liver,
kidney, bladder, breast, and brain, that were treated with
HIFU clinically and experimentally, some cancers were
effectively controlled after HIFU treatment. As one of the
minimally invasive surgical techniques for cancer treatment,
HIFU is of great interest today[1,2].
Malignant cells are sensitive to therapeutic ULS treatment,
which leads to a transient decrease in cell proliferation[3]
through inducing a complex signaling cascade with
upregulation of proapoptotic genes and downregulation of
cellular survival genes[4]. In in vitro study, it was confirmed
that CZ901 HIFU inhibits proliferation and induces
apoptosis of cancer cells[5]. This study aimed to investigate
the effects of HIFU on cancer cell damage in vitro and
tumor growth inhibition ex vivo.
MA
TERIALS AND METHODS
MATERIALS
Experimental materials
Cancer cell line in mouse Murine hepatoma H22 cell line
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was kept in liquid nitrogen for regular use in our laboratory[6].
Experimental animals Female Balb/C mice, weighing
18-22 g, were purchased from Beijing Biological Products
Research Institute under Ministry of Public Health (approval
number: 013072). The procedures involving animals and
their care were conducted in accordance with institutional
guidelines for Laboratory Animal Care of Experimental
Animal Center, Sichuan University.
Experimental device CZ901 HIFU device for cancer
treatment was designed and supplied by Mianyang Electronic
Equipment Factory.
Experimental methods
Experiment in vitro Ascites taken from H22 hepatic cancer
bearing mouse on d 8 or 9 was diluted with normal saline at
1:5 (2.5×107 cells/mL) and distributed into 14 PVC tubes,
7 tubes in each test, each containing 1.8 mL. Twelve tubes
were treated with HIFU, and two were used as controls. H22
hepatic cancer cells were treated with HIFU at the frequency
of 1.048 MHz and at the intensity of 1 000 W/cm2 for 0.5,
1, 2, 4, 8, and 12 s, respectively, and for 8 s at intensity of
100, 200, 400, 600, 800, and 1 000 W/cm2, respectively.
After HIFU treatment, the cells were incubated in a
humidified atmosphere of 50 µg/mL CO2 at 37
for 6 h,
and then the viability of cancer cells was determined by
exclusion of trypan blue staining. The viable cells were not
stained, the dead cells were stained blue. The viable cells
and dead cells were counted with an erythrocytometer under
microscope, respectively (total cell number counted >1 000).
The death rate was determined by dead cell number÷(the
dead cell number+the viable cell number)×100%. Each
experiment was performed in triplicate.
Inoculation of HIFU-treated cancer cells ex vivo Cancer
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cells including viable and dead cells treated with HIFU at
1 000 W/cm2 for 8 s were inoculated into 14 mice, 2×106
cells/0.2 mL per mouse. The same number of untreated
cancer cells was inoculated into 20 mice as control. In addition,
cancer cells treated with HIFU at 1 000 W/cm2 for 0.5 s
were inoculated into 18 mice, 2×106 cells/0.2 mL per mouse.
The same number of untreated cancer cells was inoculated
into 20 mice as control.
Examining the tumor growth ex vivo The animals
inoculated with cancer cells were raised routinely, with free
access to food and water and weighed every 2 d. After
2 wk of inoculation, the animals were killed, the tumor
masses were removed and weighed, and the tumor inhibitory
rate was calculated[6].
Histopathological examination Tumor masses were fixed
with 4% paraformaldehyde, embedded with paraffin,
sectioned and stained with HE. The tumor growth inhibition
was confirmed by microscopy.
Statistical analysis
The experimental data were expressed as mean±SD and
analyzed with χ2 test. P<0.05 was considered statistically
significant.

RESUL
TS
RESULTS
Cell damage effect of HIFU in vitro
The death rate of cancer cells in controls was 3-5% (Figure 1A),
and increased significantly after HIFU treatment (Figure 1B).
The death rate of cancer cells treated with HIFU at 1 000
W/cm 2 for 0.5, 1, 2, 4, 8, and 12 s were 3.11±1.21%,
13.37±2.56%, 38.84±3.68%, 47.22±5.76%, 87.55±7.32%,
and 94.33±8.11%, respectively (Figure 1C). A positive
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Figure 1 Cell damage effect of HIFI in vitro. A: Murine hepatic cancer cells before
HIFU treatment; B: murine hepatic cancer cells treated with HIFU at 1 000 W/cm2
for 8 s; C: significant difference between cell death rate and time of HIFU
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Figure 2 Tumor growth inhibition of HIFU ex vivo. A: Tumor growth inhibition
of HIFU at 1 000 W/cm2 for 8 s; B: significant difference in average tumor weight
between the control and HIFU-treated mice; C: tumor growth inhibition of HIFU

at 1 000 W/cm2 for 0.5 s; D: significant difference in average tumor weight
between the control and HIFU-treated mice.

relationship was found between the death rate of cancer
cells and the time of HIFU treatment (r = 0.96, P<0.01).
The death rate of cancer cells treated with HIFU at the
intensity of 100, 200, 400, 600, 800, and 1 000 W/cm2
for 8 s was 26.31±3.26%, 31.00±3.87%, 41.97±5.86%,
72.23±8.12%, 94.90±8.67%, and 99.30±9.18%, respectively
(Figure 1D). A positive relationship was confirmed between
the death rates of cancer cells and the intensities of HIFU
treatment (r = 0.98, P<0.01).

at 1 000 W/cm 2 for 0.5 s were inoculated. The average
tumor weight in HIFU-treated group and control was
1.36±0.33 and 1.75±0.53 g, respectively (Figures 2C and D),
the tumor inhibitory rate was 22.90% (P<0.01).
By pathological examination, tumor growth was confirmed
in 8 out of 14 mice (57.14%, 8/14) inoculated with cancer
cells treated with HIFU at 1 000 W/cm2 for 8 s, which was
significantly lower than that of the control (100%, 15/15,
P<0.05).

Tumor growth inhibition of HIFU ex vivo
Tumor growth inhibition of cancer cells treated with HIFU
ex vivo is listed in Table 1. In experiment 1, six mice in the
control group died of tumor burden spontaneously, none
died in the HIFU-treated group. There was no significant
difference in body weight increase between two groups of
animals. In the group of animals inoculated with cancer
cells treated with HIFU at 1 000 W/cm2 for 8 s, the average
tumor weight was 0.11±0.16 g, and the average tumor weight
in control group was 1.14±0.4 g (Figures 2A and B), the
tumor inhibition rate was 90.35% compared to the control
(P<0.01). In experiment 2, cancer cells treated with HIFU

DISCUSSION
HIFU consists of focused ULS waves emitted from a
transducer and is capable of inducing tissue damage. By
means of this thermal effect and other mechanisms, HIFUtreated tumor tissues resulted in direct thermal cytotoxic
necrosis and fibrosis, thus leading to inhibition of tumor
growth. Therefore, HIFU is a new-sophisticated hightechnology based, minimally invasive treatment option for
some cancers[1,4,5]. But, there are many factors affecting its
therapeutic effect, such as, intensity of the transmitted pulse,
the exposure time, the signal frequency, the time interval

Table 1 Inhibitory effect of HIFU on growth of hepatic cancer ex vivo (mean±SD)
Experiment group
1
2

HIFU treatment
(1 000 W/cm2)

Animals (n)
d1

Average BW (g)
d14

d1

d14

Tumor wt
(g)

Control

0

20

15

19.05±2.03

19.62±2.13

1.14±0.40

HIFU

8

14

14

19.69±1.34

21.45±0.99

0.11±0.16b

Control

0

20

19

21.03±2.14

28.39±3.83

1.75±0.53

HIFU

0.5

18

18

22.68±2.73

27.46±4.03

1.36±0.33b

BW: Body weight; wt: weight; TIR: tumor inhibitory rate. bP<0.01 vs control.

TIR
(%)

90.35
22.29
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between two firing bursts, and biological medium, etc.[1,7-9].
The HIFU device used in this experimental study was
designed and manufactured in Mianyang Electronic
Equipment Factory. Its signal frequency emitted is 1.048 MHz,
the intensity of the transmitted pulse and exposure time
can be manipulated[5]. In this experimental study, H22 hepatic
cancer cells were treated with HIFU at the same intensity
for different lengths of time and for the same length of
time at different intensities in vitro. It showed a intensity
and time-dependent damaging effect on cancer cells
(Figures 1B-D), suggesting that HIFU has a damaging or
killing effect on cancer cells in vitro. The effective parameters
are: an intensity of 1 000 W/cm2 and an exposure time of 8 s.
There are many experimental and clinical studies on
treatment of tumors with HIFU[1,10-14], especially hepatic
cancers[15-19]. The results of these studies in vitro and in vivo
indicate that HIFU has damaging or killing effect on cancer
cells in vitro and inhibitory effect on tumor growth in vivo.
However, to our best knowledge, there is no study on the
growth potential of cancer cells after HIFU treatment. The
findings in this study indicate that most cancer cells treated
with HIFU at 1 000 W/cm 2 would die and lose the
proliferating potential, but few cells may survive and form
tumors.
Although minimally invasive methods for the treatment
of cancer, such as HIFU, and high-energy shock waves,
have been proposed recently, their feasibility for treatment
of human cancers needs to be confirmed[1,20]. This experimental
study has confirmed that HIFU has effects on killing or
damage of H 22 hepatic cancer cells in vitro and on the
inhibiting tumor growth in mice ex vivo. Its inhibitory and
therapeutic effects on other cancers, and mechanisms of
action need to be studied and confirmed further.
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Abstract
AIM: To describe a new classification method of right
hepatectomy according to the different special positions
of tumors.
METHODS: According to positions, 91 patients with
malignant hepatic tumor in the right liver lobe were
divided into six groups: tumors in the right posterior lobe
and (or) the right caudate lobe compressing the right
portal hilum (n = 14, 15.4%), tumors in the right liver
lobe compressing the inferior vena cava and (or) hepatic
veins (n = 11, 12.9%), tumors infiltrating diaphragmatic
muscle (n = 7, 7.7%), tumors in the hepatorenal recess
(infiltrating the right fatty renal capsule, transverse colon
and right adrenal gland, n = 8, 8.8%), tumors deeply
located near the vertebral body (n = 3, 3.3%), tumors at
other sites in the right liver lobe (the control group, n = 48,
52.75%). The values of intraoperative blood loss (IBL),
tumor’s maxim cross-section area (TMCSA), and time of
hepatic hilum clamping (THHC) and incidence of postoperative
complications were compared between five groups of
tumor and control group, respectively.
RESULTS: The THHC in groups 1-4 was significantly longer
than that in the control group, the IBL in groups 1-4 was
significantly higher than that in the control group, the
TMCSA in groups 2-4 was significantly larger than that in
the control group, and the ratio of IBL/TMCSA in group 1
was significantly higher than that in the control group.
There was no significant difference in the indexes between
group 5 and the control group.
CONCLUSION: The site of tumor is the key factor that
determines IBL.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Clinically, 60% of malignant tumors occur in the right liver
which has a great physical volume and complicated anatomic
structure, with a large number of vessels inside and
important organs around, such as diaphragmatic muscle,
right kidney, right adrenal gland, colon, and inferior vena
cava. Therefore, tumors in the right liver lobe with different
sizes and diversified positions may induce a widely different
series of problems in the process of resection of these
tumors. Generally, the easily removed tumor has a diameter
less than 5 cm and is located on the surface of liver without
infiltrating the surrounding important organs, or does not
compress the main blood vessels in the liver. The features
of tumors which are different to resect are as follows. (1)
The diameter of tumor is larger than 5 cm and the tumor
is close to or even infiltrates the major vessels of liver; (2)
Although the diameter of tumor is less than 5 cm, it
protrudes from the liver surface infiltrating surrounding
organs. The tumor is deeply located and hard to be exposed
during surgery. The tumor which meets one or more of
the above standards is defined as the malignant tumor within
the right liver with special position (MTRLSP). For the much
more intraoperative blood loss (IBL), the longer the time
of hepatic hilum clamping (THHC), the more the
postoperative complications. MTRLSP has been a difficulty
in right hepatectomy. Little information is available on the
classification of right hepatectomy for MTRLSP. This paper
presents a prospective observation on the surgical features
of 91 cases of right hepatectomies, and the classification
according to the standards mentioned above.
MA
TERIALS AND METHODS
MATERIALS
Study population
Ninety-one patients with malignant tumor within the right
liver underwent right hepatectomy from 2002-05 to
2003-09 at Eastern Hepatobiliary Surgery Hospital of
Second Military Medical University. There were 73 male
and 18 female patients, ranging 25-78 years of age, including
87 cases of primary liver cancer, 2 cases of colon metastatic
cancer, 1 case of rectum metastatic cancer, and 1 case of

4322

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Grouping
Forty-three cases of MTRLSPs were divided into five groups
in light of tumor positions, and 48 cases of tumors at other
sites within right liver lobe in the corresponding period
served as the control (Table 1).

Total (%)

MTR
LSP

Group 1 Tumors within right

14/91 (15.4)

RESUL
TS
RESULTS
The values of THHC in each group are shown in Table 2.
The time in groups 1-4 was much longer than that in
group 6 (P<0.05), but not in group 5 (P>0.05). For F- test
= 0.078>0.05, bilateral Dunnett-t was used.
The values of IBL in each group are shown in Table 3.
The value of IBL in groups 1-4 was much greater than that
in group 6 (P<0.05), but not in group 5 (P>0.05). For F-test
= 0.007<0.05, bilateral Wilcoxon signed rank test was used.
The values of TMCSA in each group are shown in
Table 4. The value of TMCSA in groups 2-4 was much
larger than that in group 6 (P<0.05), but not in groups 1
and 5 (P>0.05). For F-test = 0.000<0.05, bilateral Wilcoxon
signed rank test was used.
The ratios of IBL/TMCSA in each group are shown in
Table 5. The value of IBL in groups 2-5 was not significantly
higher than that in group 6 (P>0.05), but not in group 1
(P<0.05). For F-test = 0.114>0.05, bilateral Dunnett-t was
used.
The rate of blood transfusion during surgery and the

posterior lobe and (or)
right caudate lobe
compressing right
portal hilum
Group 2 Massive tumors

11/91 (12.09)

43/91 (47.25)

within right liver lobe
compressing the inferior
vena cava and (or)
hepatic veins
Hepato-renal infiltrating

7/91 (7.7)

transverse colon
Recess infiltrating right

4/91 (4.4)

adrenal gland
Group 3 Tumors infiltrating

3/91 (3.3)

diaphragmatic muscle
Group 4 Tumors in the

1/91 (1.1)

infiltrating right
fatty renal capsule
Group 5 Tumors deeply located

3/91 (3.3)

near vertebral body
control
Group 6 Tumors in other places

Number 28

Statistical analysis
The data were expressed as mean±SE. SPSS for Windows,
version 11.0 was used with Dunnett-t or Wilcoxon signed
rank test.

Table 1 Grouping of 91 cases of right hepatectomies
Cases (%)

Volume 11

Methods
The Pringle’s maneuver was routinely adopted in tumor
resection to control bleeding. The THHC was recorded
during surgery, and the IBL and the TMCSA were measured
after surgery. The postoperative complication of each patient
was also recorded. The IBL, THHC (used for evaluating
tumor size), TMCSA and postoperative complications in
each group were compared to those in the control group
respectively.

liver lymphoma. There were four cases of tumor thrombosis
in portal vein and two cases in the bile duct. No death
occurred in hospital.

Tumor position

July 28, 2005

48/91 (52.75)

Table 2 THHC in groups 1-6 (mean±SE)
Group
THHC (min)
P values
a

1

2

3

4

5

31.00±3.53
0.001a

36.72±2.41
0.000a

31.42±4.56
0.013a

29.75±2.53
0.028a

6

17±2.51
0.998

19.148±1.27
-

P<0.05 vs control.

Table 3 IBL in groups 1-6 (mean±SE)
Group
IBL (mL)

1

2

3

4

5

6

642.85±132.89

1 054.54±200.16

1 085.71±310.47

850.00±185.16

483.33±60.09

257.40±29.44

0.285

-

0.033 a

P values

0.005 a

0.046 a

0.011 a

a

P<0.05 vs control.

Table 4 TMCSA in groups 1-6 (mean±SE)
Group
2

TMCSA (cm )
P values
a

P<0.05 vs control.

1

2

3

4

5

6

20.61±4.67

84.95±11.76

56.38±12.50

46.87±5.59

51.88±40.2

22.77±3.67

0.683

0.003 a

0.028 a

0.012 a

0.593
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Table 5 IBL/TMCSA in groups 1-6 (mean±SE)
Group
IBL/TMCSA (mL/cm2)
P values

1

2

3

4

5

6

38.14±9.91
0.003a

14.81±2.79
1.000

22.85±6.76
0.788

17.13±2.61
0.994

34.33±20.98
0.387

13.42±2.24

a

P<0.05 vs control.

Table 6 Blood transfusion and incidence of postoperative complications in groups 1-6 (%)
Group
Blood transfusion
Incidence of postoperative complications

1

2

3

4

5

6

35.71
14.29

45.45
36.36

42.86
71.43

37.5
37.5

0
0

0
0

incidence of postoperative complications in each group are
shown in Table 6, the above two values were all zero in
groups 5 and 6. The main postoperative complication in
groups 1, 2, and 4 was right pleural effusion. The main
postoperative complications in group 3 were right pleural
effusion and rupture of diaphragm.

DISCUSSION
According to the definition of MTRLSP, the proportion
of MTRLSP is 47.25% (Table 1), which shows that nearly
half of right hepatectomies for malignant tumors are the
high-risk resections for MTRLSPs. The IBL, THHC, and
postoperative complications are the three risk factors for
the resection for MTRLSP; tumor size and site determine
these factors. In this study, taking the influence of tumor
size as the index of IBL/TMCSA, we divided the
MTRLSPs into five groups according to their positions to
analyze and identify the main reason for high-risk resections
of tumors in each group.
Tumors in the group 1 (n = 14, 15.4%) within the right
posterior lobe and (or) right caudate lobe usually compressed
or even infiltrated the right posterior portal vein (RPPV,
Figure 1), occasionally with the tumor thrombus in vessels.
Tumor thrombi almost all occurred in this (in portal branch,
n = 3, 3/4 = 75%; in bile duct, n = 2, 2/2 = 100%). The
tumor was usually located between the first and third hepatic
hilum with some main blood vessels around, such as the
RPPV, inferior vena cava (IVC). It was difficult to control
bleeding in an extremely dangerous state once these main
vessels rupture when the tumor was exposed, and to injure

the first hepatic hilum if blind suture was used to stop
bleeding. Therefore, the IBL (642.85±132.89 mL) was much
greater than that in the control group (257.40±29.44 mL,
P = 0.033), and the THHC (31.00±3.53 min) was also
significantly longer than that in the control group (19.148±
1.27, P = 0.001), though there was no statistical difference
(P = 0.683) in TMCSA between this group (20.61±4.67 cm2)
and control group (22.77±3.67 cm2). The main reason for
high-risk resection of tumors of this group is the site but
not the size of tumors, which is further proved by the fact
that the index of IBL/TMCSA (38.14±9.91) was significantly
higher than that in the control group (13.42±2.24, P = 0.003).
For example, an operation of 1 patient with the tumor
in the right caudate going down to left caudate ran into
trouble. After the tumor was ablated from the wall of the
compressed IVC and RPPV, it was impossible to suture the
wound because the nude right portal branch was just on the
surface of the incision wedge. A drainage tube was placed
instead of suture of the wound. A bile leakage was found 3 d
after surgery which was closed after drainage.
Generally, to handle the tumor at this site, we should
remove it as soon as possible, and suture the liver wound
by any possible way, and observe the characteristics of
drainage carefully in case the severe bile leakage occurs
after surgery[1].
Tumors (n = 11, 12.9%) in group 2 compressing part or
completely at the inferior vena cava (n = 6, Figure 2) and
(or) hepatic veins (n = 4, Figure 3) had the largest size in
groups 1-6, with TMCSA being 84.95±11.76 cm2, larger
than that in the control group 22.77±3.67 cm2, P = 0.003.
They were so large that they almost occupy the whole right

Figure 1 Tumor infiltrating right posterior portal vein (

Figure 2 Tumor compressing IVC (

).

).
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liver lobe.
The IBL (1 054.54±200.16 mL) and THHC (36.72±
2.41 min) were much greater and longer than those in the
control group (IBL: 257.40±29.44 mL, P = 0.005; THHC:
19.148±1.27 min, P = 0.000), suggesting a higher risk for
surgery in this group. But there was no statistical difference
in the index of IBL/TMCSA (14.81±2.79) between this
group and control group (13.42±2.24, P = 1.000), suggesting
that IBL is not much greater than that in the control group
when the influence of tumor size is excluded. Apparently,
the biggest tumor size is the main reason for the top 36 min
THHC and 1 054 mL IBL in this group.
Some troubles caused by the compression of the IVC
from tumors are as follows. When the tumor is removed
from normal liver, severe bleeding may occur due to
lacerated breakage on the IVC wall or crevasse of the hepatic
short vein (HSV) with ligation falling off. After the tumor is
removed, the remnant liver with full-length IVC uncovered
on a wide surface of the incision wedge may be hard to be
sutured for the fear of IVC obstruction due to compression
from suture of wound. The obstruction can induce liver
swelling and severe cirrhosis. The treatment strategies may
be summarized as follows. (1) If the image of a tumor
shows preoperatively that the tumor compresses or infiltrates
the IVC, the blocking string should be preplaced around
the superior and inferior IVC to the effect that severe
bleeding can be easily controlled. The breakage is better
sutured with 3-0 prolene, but not clamped. In addition, the
HSV and the right adrenal gland vein should be abscised
and ligated carefully; (2) To avoid compression of the IVC,
an incision wedge should be shaped ‘arc’ so that both sides
can be sutured with the IVC untouched at the bottom of
the wound, and the remnant liver can be suspended to the
abdomen wall. If the above measures do not work, the
sutures of liver wound should be taken out, and then after
careful hemostasis, the epiploon can be sutured to the
incision wedge. Recently, some studies reported[2,3] that fibrin
sealant can be ejected to the surface of liver wound to
hemostasis, and results are quick and good.
The other sort of troubles comes from compression
and infiltration of right hepatic veins (RHV) by a tumor
under which there is usually a part of normal liver (Figure 3).
Whether this part of normal liver should be excised with
the tumor depends on the following two situations: (1) If a
patient has severe liver cirrhosis and small left liver lobe,

the normal liver in right posterior should be retained, and
so does the RHV or dilated HSV to ensure blood flowing
back[4]; (2) If a patient has mild liver cirrhosis and thick left
liver lobe, the remnant liver and RHV can be excised with
the tumor.
Tumors in group 3 (n = 7, 7.7%) had the highest value
of IBL among all groups (1 085.71±310.47 mL vs the
control 257.40±29.44 mL, P = 0.046). One reason is that
tumors usually grow out of liver surface and adhere to
diaphragm with abundant bypass blood vessels. The other
reason is the large TMCSA (56.38±12.50 cm2 vs the control
22.77±3.67 cm2, P = 0.028). The larger the tumor and the
wider the interface between tumor and diaphragm, the more
the bleeding during surgery. But there was no statistical
difference in the index of IBL/TMCSA (22.85±6.76)
between this group and control group (13.42±2.24, P = 0.788),
suggesting that IBL is not much greater than that in the
control group when the influence of tumor size is excluded.
The higher IBL and bigger TMCSA induce longer THHC
(31.42±4.56 min vs the control 19.148±1.27 min, P = 0.013)
and higher incidence of postoperative complications
(n = 5/7 = 71.43%, Table 6) such as right pleural effusion
(n = 3) and diaphragm rupture (n = 2).
Tumors which infiltrate the diaphragm growing in an
expansible fashion are usually too big to control during
surgery, and should be excised integrally without the
diaphragm being broken. But because of limited operational
space for removal of surrounding ligaments around the
liver, it is inevitable that tumors are occasionally oppressed.
Once tumor raptures, a large quantity of low osmosis water
should be used to wash the peritoneal cavity to prevent
tumor planting. In addition, a part of the diaphragm
approaching the liver is also flimsy and frangible [5]
(Figure 4).
Thoracoabdominal approach for resection of this sort
of tumors has been adopted by Xia et al.[6]. They found that
the IBL is less and better exposured to hemostasia than
abdominal approach, without an increasing incidence of
postoperative complications, but with increased trauma and
more complicated operative procedure. Our study also
found a higher volume of the IBL and a higher incidence
of postoperative complications. Therefore, along with the
development of surgical technique and perioperative
intensive care, thoracoabdominal approach may be
reasonable for the resection of this sort of tumors.

Figure 3 Tumor compressing RHV (

Figure 4 Tumor infiltrating diaphragm muscle (

).

).
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Figure 5 Tumor infiltrating colon (

) and right fatty renal capsule (

4325

).

Tumors in group 4 (n = 8, 8.8%; infiltrating right fatty
renal capsule n = 4, transverse colon n = 3, right adrenal
gland, n = 1) protruding to hepatorenal recess were prone
to infiltrate the right fatty renal capsule, transverse colon
(Figure 5) or right adrenal gland and induce wide
conglutination which caused the following difficulties. (1)
Abundant bypass vessels between tumor and its surroundings
were likely to bleed in the course of exploration and
liberation. The IBL of this group (850.00±185.16 mL)
was significantly greater than that in the control group
(257.40±29.44 mL, P = 0.011); (2) Because of larger size
(TMCSA 46.87±5.59 cm2 vs the control 22.77±3.67 cm2,
P = 0.012) and severe infiltration and conglutination with
surrounding tissues, tumor became a mass which did not
leave enough space for hands to move the liver lobe for
liberating right ligaments. But there was no statistical
difference in the index of IBL/TMCSA (14.81±2.79)
between this group and the control group (13.42±2.24,
P = 1.000). The retrograde hepatectomy can be used to
deal with this situation, and this method has been used for
difficult hepatectomy for years[7-9].
Tumors in group 5 were located within the right
posterior-inferior segment (Figure 6), and difficult to be
exposed during surgery, and had to be padded with
absorbent gauze on the surface of post-parietal peritoneum
to lift liver and tumors up for a good exposure after
liberation of ligaments. As long as there was good exposure,
it was not very difficult to remove the tumor in this group.
In conclusion, this study isolated the MTRLSP from
malignant tumors in the right liver and classified them into

Figure 6 Tumor ( ) deeply located at the level of posterior margin of vertebral body.

five sorts in terms of their position. The surgical features
of each sort are described, which may improve the resection
rate of malignant tumors within the right liver lobe and
reduce the complications after surgery.
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Abstract
AIM: To investigate the effect of hepatitis B virus (HBV) X
gene on apoptosis and expressions of apoptosis factors
in X gene-transfected HepG2 cells.
METHODS: The HBV X gene eukaryon expression vector
pcDNA3-X was transiently transfected into HepG2 cells by
lipid-media transfection. Untransfected HepG2 and HepG2
transfected with pcDNA3 were used as controls. Expression
of HBx in HepG2 was identified by RT-PCR. MTT and TUNEL
were employed to measure proliferation and apoptosis
of cells in three groups. Semi-quantified RT-PCR was used
to evaluate the expression levels of Fas/FasL, Bax/Bcl-xL,
and c-myc in each group.
RESULTS: HBV X gene was transfected into HepG2 cells
successfully. RT-PCR showed that HBx was only expressed
in HepG2/pcDNA3-X cells, but not expressed in HepG2 and
HepG2/pcDNA3 cells. Analyzed by MTT, cell proliferation
capacity was obviously lower in HepG 2/pcDNA 3-X cells
(0.08910±0.003164) than in HepG2 (0.14410±0.004927)
and HepG2 /pcDNA3 cells (0.12150±0.007159) (P<0.05
and P<0.01). Analyzed by TUNEL, cell apoptosis was much
more in HepG2/pcDNA3-X cells (980/2 000) than HepG2
(420/2 000), HepG2/pcDNA3 cells (520/2 000) (P<0.05
and P<0.01). Evaluated by semi-quantified RT-PCR, the
expression level of Fas/FasL was significantly higher in
HepG2 cells transfected with HBx than in HepG2 and HepG2/
pcDNA3 cells (P<0.05 and P<0.01). Bax/Bcl-xL expression
level was also elevated in HepG2/pcDNA3-X cells (P<0.05
and P<0.01). Expression of c-myc was markedly higher
in HepG2/pcDNA3-X cells than in HepG2 and HepG2/pcDNA3
cells (P<0.05 and P<0.01).
CONCLUSION: HBV X gene can impair cell proliferation
capacity, improve cell apoptosis, and upregulate expression
of apoptosis factors. The intervention of HBV X gene on
the expression of apoptosis factors may be a possible
mechanism responsible for the change in cell apoptosis
and proliferation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) is a small DNA virus with partial
double-stranded DNA genome. HBV contains four opening
reading frames (ORF) namely preS1/preS2/S, preC/C, P,
and X. X gene is a unique ORF which is well conserved in
different mammalian hepadnaviruses, its product consists
of 154 amino acids with a molecular weight of 16.7 ku.
Based on epidemical data, HBx is thought to be associated
with HBV-related primary hepatocellular carcinoma (HCC),
but the molecular basis for the oncogenic activity of HBx
remains elusive. HBx is a multiple-functional protein and
plays an essential role in viral pathogenesis. HBx can
deregulate cell cycle check points, transactivate cells and
viral genes, which involve in transcription regulation, single
transduction pathway, cell cycle regulation, etc.[1]. It has
been shown that HBx can co-ordinate balance between
proliferation and programmed cell death, and it is able to
induce or block apoptosis. The deregulation of apoptosis is
involved in a wide range of pathological processes, including
development of HCC.
In the present study, we investigated the effect of HBx
expression on apoptosis in human hepatoma cell line HepG2,
and its effect on the expression level of apoptosis factors.
MA
TERIALS AND METHODS
MATERIALS
Materials
PcDNA3 expression vector and HBV X gene eukaryon
expression vector pcDNA3-X were previously constructed.
Human hepatoma cell line HepG2 was provided by Cell
Bank of Chinese Academy of Sciences. Modified Eagle’s
medium (MEM) was bought from Hyclone Company, USA.
Reverse transcription system, DNA purification system, and
TransfastTM transfection reagent were obtained from Promega
Biotech (USA). Total RNA isolation kit was purchased from
Jingmei Biotech Company (Shanghai, China). PCR primers
were synthesized by Shanghai Biotechnology Company. In-site
cell apoptosis detection kit was provided by Roche Company.
Methods
Cell culture and DNA transfection HepG2 cells were
cultured in MEM supplemented with 10% heat-inactivated
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fetal bovine serum, 100 IU/mL penicillin and 100 mg/mL
streptomycin in a humidified incubator with 50 mL/L CO2.
A total of 1.5×106 cells/mL were seeded into a 25 cm2 cell
plate before the experiment. When cells were grown to 80%
confluence, pcDNA3 or pcDNA3-X plasmid was transfected
into HepG2 cells by lipofection technique, which were named
as HepG2/pcDNA3 cells and HepG2/pcDNA3-X cells. A
mixture containing 2 mL serum-free MEM (prewarmed to
37 ) , 5 µg plasmid DNA, 15 µL transfect reagent was
added to a cell plate. After incubation for 24 h, 4 mL
complete medium was added into cell plate and then
incubated for another 48 h. HepG2 cells, untransfected with
any plasmid DNA, were used as controls.
Detection of X gene expression by RT-PCR Total RNA
was extracted from HepG2, HepG2/pcDNA3, and HepG2/
pcDNA3-X cells respectively, and reverse transcripted into
cDNA. One microliter of RT product was used as template,
PCR was carried out. The sequences of X gene primers
w e r e : 5 ’ - AT G C A AG C T TAT G G C T G C TAG G C TGTACTG-3’ and 5’-TGCGAATTCTTAGGCAGAGGTGAAAAAGTTG-3’. The expected amplification fragment
was 467 bp. PCR conditions were as follows: pre-denaturation
at 95
for 5 min, 32 amplification cycles (denaturation at
94
for 35 s, annealing at 65 for 35 s, and extension at
72
for 1 min), and a final extension at 72
for 7 min.
The PCR products were separated by electrophoresis on
1.5% agarose gel, and detected by ultraviolet radiography.
Cell viability assay Cell viability was assayed by MTT.
HepG2, HepG2/pcDNA3, and HepG2/pcDNA3-X cells were
planted into 96-well plates. Cells in logarithmic growth were
used in experiments. One day before the experiment, complete
medium was replaced by serum-free medium. During experiment, 75 µL MTT (5 mg/mL, containing in 0.01 mol/L
PBS) was added into each well and incubated for 4 h. Then,
the medium was replaced by DMSO (75 µL each well) and
shaken gently until all crystals were dissolved. A 492 was
detected to measure the proliferative capacity of each group.
Cell apoptosis assay Cell apoptosis was estimated by TUNEL
staining. HepG2, HepG2/pcDNA3, and HepG2/pcDNA3-X
cells were planted into 96-well plates. Cells at 80% confluence
were fixed with 4% paraformaldehyde, and chilled in ice
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bath for 2 min with permeabilization solution (0.1% Triton
X-100 in 0.1% sodium nitrate). Then, 50 µL TUNEL
mixture was added, incubated in a humidified chamber
for 1 h. TUNEL mixture was removed, 50 µL
at 37
Converter-AP was added and incubated for another 30 min.
The cells were rinsed with PBS, counterstained with
NBT/BCIP, and detected by optic microscopy.
Effect of HBx transient transfection on apoptosis factor
mRNA expression Expressions of Fas/FasL, Bax/BclxL, and c-myc gene were assayed by semi-quantitative RTPCR. β-Actin was used as internal control. Total RNA was
extracted respectively with RNA isolation kit, and reverse
transcripted into cDNA. PCR was performed in a 50 µL
reaction volume containing 5 µL 10× PCR buffer, 5 µL
2 mmol/L MgCl2, 1 µL 10 mmol/L dNTP, 1 µL 20 pmol/µL
target gene sense and anti-sense primers, 0.5 µL 12.5 pmol/µL
β-actin primer pair, 2 µL RT product, 1.5 U Taq DNA
polymerase. The sequences of gene primers and amplification
conditions are listed in Table 1. The initial denaturation was
for 5 min. An additional extension step at 72
at 94
for 10 min was done finally. About 10 µL PCR products
was separated by electrophoresis on 1.5% agarose gel, and
detected by ultraviolet radiography. The densities of bands
were analyzed by Bio imaging system, the ratio of target
gene density to β-actin density was representative of the
relative expression level of mRNA. The semi-quantitative
detection was analyzed five times.
Statistical analysis
All data were expressed as mean±SE. The significance for
the difference between groups was assessed with SPSS 10.0
by one-way ANOVA. P<0.05 was considered statistically
significant.

RESUL
TS
RESULTS
Expression of HBV X mRNA in HepG2 cells
Expressions of HBx mRNA were detected by RT-PCR.
The expected band between 400 and 500 bp was found
in HepG 2/pcDNA 3-X cells, but not in HepG 2 and
HepG2/pcDNA3 cells (Figure 1).

Table 1 Sequences of gene primers and amplification conditions
Target gene

Primer sequences

Amplification conditions

Fas

5’-TCA GTA CGG AGT TGG GGA AG-3’
5’-CAG GCC TTC CAA GTT CTG AG-3’

FasL

5’-GAT GAT GGA GGG GAA GAT GA-3’
5’-TGG AAA GAA TCC CAA AGT GC-3’

Bax

5’-TTT GCT TCA GGG TTT CAT CC-3’
5’-CAG TTG AAG TTG CCG TCA GA-3’

Bcl-xL

5’-GGC TGG GAT ACT TTT GTG GA-3’
5’-ATG TGG TGG AGC AGA GAA GG-3’

c-myc

5’-TTC GGG TAG TGG AAA ACC AG-3’
5’-CAG CAG CTC GAA TTT CTT CC-3’

β-actin

5’-GGC ATC GTG ATG GAC TCC G-3’
5’-GCT GGA AGG TGG ACA GCG A-3’

Denaturation at 94 for 45 s, annealing
at 64 for 30 s, extension at 72 °C for
1 min , 35 cycles
Denaturation at 94 for 45 s,
annealing at 58 for 30 s, extension at
72 for l min, 38 cycles
Denaturation at 94 for 45 s, annealing at
58 for 30 s, extension at 72 for
1 min, 30 cycles
Denaturation at 94 for 45 s, annealing at
64 for 30 s, extension at 72 for
45 s, 25 cycles
Denaturation at 94 for 45 s, annealing at
58 for 30 s, extension at 72 for
1 min, 30 cycles
Changed according to different target genes

Product (base)
207 bp

203 bp

246 bp

198 bp

203 bp

607 bp
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Figure 1 Expression of HBV X mRNA in HepG2 cells. M: 100-bp DNA ladder;
lane 1: HepG2/pcDNA3-X cells; lane 2: HepG2/pcDNA3 cells; lane 3: HepG2 cells.

Cell viability assay
Cell viability was assessed by MTT. All data are shown in
Table 2. A492 of HepG2/pcDNA2-X cells obviously decreased
compared to that in other groups (P<0.05 and P<0.01),
indicating that transient expression of HBx impaired the
proliferative capacity of HepG2 cells (Figure 2).
Table 2 A492 of HepG2, HepG2/pcDNA3 and HepG2/pcDNA3-X cells
(mean±SE)
n

A492

HepG2
HepG2/pcDNA3
HepG2/pcDNA3-X

10
10
10

0.14410±0.004927
0.12150±0.007159
0.08910±0.003164

A492

Group

0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

HepG2
HepG2/pcDNA3
HepG2/pcDNA3-X

Figure 2 Effect of HBx on cell viability in HepG2 cells.

Cell apoptosis assay
Apoptosis in the three groups was assessed with in-site cell
death detecting kit (TUNEL). A total of 2 000 cells of
each group were calculated. The number of apoptosis cells
was 980 in HepG2/pcDNA3-X, 520 in HepG2/pcDNA3
and 420 in HepG2. Cell apoptosis markedly increased in
HepG2/pcDNA3-X (Table 3 and Figure 3), indicating that
transient expression of HBx could promote apoptosis of
HepG2 cells (Figure 4).
Table 3 Effect of HBx on cell apoptosis of HepG2 cells (mean±SE)
Group

n

Apoptosis

HepG2
HepG2/pcDNA3
HepG2/pcDNA3-X

5
5
5

0.2200±0.1000
0.2800±0.1000
0.4750±0.015

Effects of HBx transient transfection on apoptosis factors’
mRNA expression
Fas/FasL mRNA mRNA level of Fas and FasL was

Figure 3 Effect of HBx on apoptosis of HepG2 cells.

elevated in HepG2/pcDNA3-X cells (Figures 5A and B, 6A
and B), indicating that transient expression of HBx induced
expression of Fas and FasL in HepG2 cells.
Bcl-xL/Bax mRNA mRNA level of Bcl-xL and Bax was
enhanced in HepG2/pcDNA3-X cells (Figures 5C and D,
6C and D), indicating that transient expression of HBx
induced expression of Bcl-xL or Bax in HepG2 cells.
C-myc mRNA mRNA level of c-myc in HepG2/pcDNA3X cells was the highest (Figures 5E and 6E), indicating that
transient expression of HBx induced expression of c-myc
in HepG2 cells.

DISCUSSION
In previous studies, it was found that HBx inhibits cell
apoptosis in different ways. For example, HBx antagonizes
TNF-α-induced apoptosis through activating PI3-kinase
signaling pathway [2] , and inhibits apoptosis in p53independent manner[3]. There is evidence that HBx activates
NF-κB and induce it to translocate into nuclei, NF-κB acts
as an inhibitor of cell apoptosis; HBx also downmodulates
expression of Bid and blocks Bid-mediated cell apoptosis[4],
inactivates caspase-3 through inhibition of CCP32 enzyme,
and blocks caspase pathway[5]. It is thought that anti-apoptosis
function of HBX is an important mechanism in the
development of HCC.
HBx can either inhibit or promote cell apoptosis in a
dose-dependent manner. When HBx expresses at high level,
it displays pro-apoptosis effect; whereas it inhibits apoptosis
when expressing at physiological level. It was reported that
moderate expression level of HBx can inhibit liver
regeneration in HBx-expressing transgenic mice after partial
hepatectomy[6]. HBx stimulates expression of FasL, which
plays an important role in cell’s escaping from immune
surveillance by inducing apoptosis of T cell bearing Fas[7,8].
HBx boosts cell survival by abrogating Bcl-2-mediated cell
protection[9,10]. It can also induce expression of myc protein
in certain settings, myc sensitizes cells to be killed plus
TNF-α[11]. HBx acts through the way that involves DDB2independent nuclear function of DDB1[12]. Some researchers
found that HBx can also localize in mitochondria, bind to
voltage-dependent anion channel, which results in alteration
of the mitochondrial transmembrane potential, promotes
cytochrome C and apoptosis-inducing factors to release into
cytosol and induces cell apoptosis[13]. In short, HBx has bidirectional function on cell apoptosis regulation. HBx
expression levels, availability of survival vs apoptogenic
factors, and stage of infection may profoundly influence
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Figure 4 Apoptosis in HepG2/pcDNA3-X (A), HepG2/pcDNA3 (B), and HepG2 (C) cells.

A

β-actin
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B
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C

500 bp

β-actin
FasL

500 bp

β-actin
Bd-XL

321M

D

500 bp
500 bp

E

M123

321M

β-actin
β-actin

Bax

500
bp

c-myc

Figure 5 RT-PCR results of mRNA expression of Fas (A), FasL (B), Bcl-Xl
(C), Bax (D), and c-myc (E) in HepG 2. M: 100-bp DNA ladder; lane 1: HepG2

cells; lane 2: HepG 2/pcDNA 3 cells; lane 3: HepG 2/pcDNA 3-X cells.

the fate of cells.
Higher organisms have several mechanisms to eliminate
cells by apoptosis. One important role is the signaling pathway
mediated by “death factors” including TNFR1, Fas, TNFR2,
and their cognate ligand (TNF-α, FasL, and TRAIL) Fas
(CD95). The first identified member of “death factors”, is a
type I glycoprotein which expresses on cell surface. Crosslinking
Fas by binding to the ligand FasL leads to conformational
changes of Fas, which results in formation of death induced
signal complex (DISC) followed by activation of caspase-8.
Activated caspase-8 activates itself and other caspases that
switch on apoptosis signal cascade[14,15]. It has been found
that Fas and FasL express in hepatocytes and hepatoma
cells. Since hepatocytes are highly sensitive to Fas/FasLmediated apoptosis, Fas/FasL pathway plays an essential
role in liver lesion and eliminating virus. In our research,
HBx elevated expression of Fas and FasL in HepG2 cells.
Although the precise mechanism remains unclear, HBx can
activate FasL promoter through binding site for Egr and
enhance Egr binding to the co-activator cAMP-response
element-binding protein, and induce pro-inflammatory
cytokines at transcriptional level such as IL-18 which can
amplify the expression of FasL[16]. c-FLIP, a key regulator
of the DISC, inhibits the Fas/FasL-mediated death pathway
in tumors. HBx abrogates the apoptosis-inhibiting function
of c-FLIP and renders cells hypersensitive towards the
TNF-α apoptotic signal even below the threshold concentration[17,18].
Members of Bcl-2 family are also involved in apoptosis
regulation. Members of this family are divided into three
subgroups. One group is composed of anti-apoptosis proteins

such as Bcl-2, Bcl-xL, with four Bcl-2 homology domains
(BH1, BH2, BH3, and BH4). Another group consists of
pro-apoptosis proteins such as Bax, Bak, with BH1, BH2,
BH3 domains. The last group includes pro-proteins such as
Bid, Bik, with only BH3 domain[4, 19]. As Bcl-2 family members
reside in upstream of irreversible cell damage, they play a
pivotal role in deciding whether cells die or live. Indeed, the
ratio between pro- and anti-apoptosis molecules determines,
in part, the susceptibility of cells to death signal[20]. It was
reported recently that the anti-apoptosis members lose their
ability to inhibit release of pro-apoptosis factors (such as
cytochrome C) and trigger apoptosis if they interact with
activated pro-apoptosis members[21]. Our data demonstrate
that HBx upregulates either pro-apoptosis subset Bax or
anti-apoptosis subset Bcl-xL. MTT and TUNEL displayed
that apoptosis of HepG2 cells transfected with HBx was
enhanced while cell viability was impaired. We postulated
that though HBx can upregulate expression of Bax and
Bcl-xL, it may promote expression of Bax ever more than
Bcl-xL, thus resulting in the predominance of pro-apoptosis
protein in the ratio between pro- and anti-apoptosis subsets,
then cell apoptosis. On the other hand, interacting with
activated Bax, Bcl-xL may lose its anti-apoptosis function
and trigger cell death.
C-myc belongs to cell oncogene. HBx accelerates
development of primary liver tumors by co-operating with
c-myc[22-25]. It was reported that myc can sensitize cells to
apoptosis by about two folds in certain conditions such as
exposure to TNF-α or other apoptosis factors. In our study,
HBx promoted expression of c-myc. Overexpression of
c-myc is essential for acute sensitization of cells to be killed
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Figure 6 Relative mRNA expression levels of Fas (A), FasL (B), Bcl-Xl (C),

by HBx plus TNF-α[11,26-28], and may enhance cell apoptosis.
This result agrees with the data of MTT and TUNEL in
our study.
In hepatocarcinogenesis, preneoplastic, and neoplastic cells
display an increased ratio of apoptosis as well as enhanced cell
proliferation[30]. It is believed that the anti-apoptosis function
of HBx is the major determinant factor for development
of HCC. The pro-apoptosis function of HBx, however, is
also thought to contribute to hepatocarcinogenesis. Firstly,
HBx-induced cell apoptosis results in releasing of hepatocyte
growth factor that enhances regeneration of liver cells and
accumulation of genetic mutation, thus paving the way for
cell malignant transformation[29-31]. Secondly, increased
apoptosis increase the opportunity of mutation, leading cells
to grow out of control and develop to HCC[28,32]. Thirdly,
HBx induces expression of FasL in liver cells which can
attack T cell bearing Fas and lead to impair of immune
defense, which is beneficial for cell bearing HBx to escape
from immune detection[33]. Finally, although the accurate
mechanism of apoptosis induced by HBx has not been
elucidated completely, it may facilitate propagation of viral
infection by permitting efficient particle release from cells
while minimizing the antiviral inflammation response[14].

Bax (D), and c-myc (E) in HepG2 cells.

Further study should be focused on protein level. Besides,
apoptosis mechanic on stably transfected HBx gene in
HepG2 cells is another pivot.
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Abstract
AIM: Tumor angiogenesis has been shown to be promoted
by vascular endothelial growth factor (VEGF) via stimulating
endothelial cell proliferation, migration, and survival.
Blockade of VEGF signaling by different means has been
demonstrated to result in reduced tumor growth and
suppression of tumor angiogenesis in distinct tumor entities.
Here, we tested a recombinant adenovirus, AdsFlt1-3,
that encodes an antagonistically acting fragment of the
VEGF receptor 1 (Flt-1), for systemic antitumor effects in
pre-established subcutaneous CRC tumors in mice.
METHODS: Murine colorectal carcinoma cells (CT26) were
inoculated subcutaneously into Balb/c mice for in vivo
studies. Tumor size and survival were determined. 293
cell line was used for propagation of the adenoviral vectors.
Human lung cancer line A549 and human umbilical vein
endothelial cells were transfected for in vitro experiments.
RESULTS: Infection of tumor cells with AdsFlt1-3 resulted
in protein secretion into cell supernatant, demonstrating
correct vector function. As expected, the secreted sFlt1-3
protein had no direct effect on CT26 tumor cell proliferation
in vitro, but endothelial cell function was inhibited by about
46% as compared to the AdLacZ control in a tube formation
assay. When AdsFlt1-3 (5×109 PFU/animal) was applied
to tumor bearing mice, we found a tumor inhibition by
72% at d 12 after treatment initiation. In spite of these
antitumoral effects, the survival time was not improved.
According to reduced intratumoral microvessel density in
AdsFlt1-3-treated mice, the antitumor mechanism can be
attributed to angiostatic vector effects. We did not detect
increased systemic VEGF levels after AdsFlt1-3 treatment
and liver toxicity was low as judged by serum alanine

aminotransferase determination.
CONCLUSION: In this study we confirmed the value of a
systemic administration of AdsFlt1-3 to block VEGF signaling
as antitumor therapy in an experimental metastatic colorectal
carcinoma model in mice.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal carcinoma (CRC) is one of the most common
malignant diseases in the Western countries. Even after
successful resection of the primary tumor, about one-third
of the patients develop tumor recurrence. The most common
place of distant CRC metastases are liver and lung[1]. In
particular, metastatic CRC disease is associated with limited
life expectancy and progressive tumor disease in CRC is
associated with increased VEGF levels[2]. Considering clinical
studies successfully employing tyrosine kinase inhibitors for
systemic tumor therapy[3] and experimental studies showing
the antitumor efficacy of VEGF-antagonism in a pancreatic
adenocarcinoma animal model [4] and follicular thyroid
carcinoma animal model[5], including successful local treatment
of subcutaneous CRC[6], we evaluated and confirmed the
antitumoral efficacy and mechanism of a systemic gene
delivery of a Flt-1 fragment (sFlt1-3) in subcutaneous
metastatic CRC in mice.
Vascular endothelial growth factor (VEGF) expression
correlates with tumor vascularization in most tumor types,
also in CRC[2,7,8]. VEGF binds with different affinity to its
cell surface receptors, VEGF receptor 1 (Flt-1), VEGF receptor
2 (Flk-1) and VEGF receptor 3 (Flt-4). All three VEGF
receptors are members of the class III receptor-type tyrosine
kinase receptor family[9]. Several findings suggest that binding
of VEGF to Flt-1 regulates angiogenesis by controlling intercellular endothelial interactions[10].
Since angiostatic therapies do not attack the malignant
tumor cell itself, but address tumor vascularization, a systemic
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treatment is of particular interest. Therefore, we investigated
the effect of interruption of the VEGF cascade by systemic
gene delivery on pre-established tumors.

MA
TERIALS AND METHODS
MATERIALS
Animals, cell lines and culture conditions
Balb/c mice, 6 wk old, were purchased from Charles River
(Sulzfeld, Germany) and kept in the local central animal
facility. The mice were housed under standard conditions
and had free access to water and food. Animal procedures
were performed in accordance to approved protocols and
followed recommendations for proper care and use of
laboratory animals.
For propagation of adenoviral vectors, 293 cells (embryonic
E1 transformed kidney cell line) were obtained from
American Type Culture Collection (ATCC, Manassas, VA,
USA) Cells were maintained in Dulbecco’s modified Eagle
medium (DMEM) with 10% heat-inactivated fetal bovine
serum (FBS).
To demonstrate vector function and gene expression
standard techniques using the human lung cancer cell line
A 549 (ATCC, Manassas, VA, USA) were employed for in
vitro transfection experiments. Cells were cultured in DMEM
supplemented with 10% heat-inactivated FBS. Human
umbilical vein endothelial (HUVE) cells were obtained from
Cascade Biologics (Portland, OR, USA) and were cultured
according to the supplier’s instructions.
Murine CRC CT26 cells have originally been described
by Brattain[11]. Cells were cultured in DMEM supplemented
with 10% heat-inactivated FCS and 1% penicillin/streptomycin.
Construction of recombinant adenoviruses encoding a soluble
form of Flt1-3 and vector propagation
The recombinant adenoviruses encoding the LacZ-gene was
constructed as described previously [12]. The AdsFlt1-3
construct was generously provided by R. Mulligan, Boston,
MA, USA, it consists of the extracellular immunoglobulinlike domains 1-3 of the VEGF-receptor 1 (Flt-1) and has a
His-tag; its construction has been described elsewhere[13].
Recombinant adenoviruses were expanded, and purified by
double cesium-chloride ultra-centrifugation. Purified viruses
were dialyzed against 10 mmol/L Tris/1 mmol/L MgCl2
and stored in glycerol aliquots at -80 . Virus concentrations
were determined by measuring virus particles (opu/mL)
and by cytotoxic plaque assay (pfu/mL) in 293 cells. Virus
productions were tested for wild-type adenovirus contamination
by cytotoxic plaque assay in A549 cells.
Analysis of protein expression in vitro
A549 tumor cells were transfected with 250 multiplicity of
infection (MOI) of AdLacZ or AdsFlt1-3. Forty-eight hours
later, cells and culture medium (CM) were harvested. RNA
was isolated from the using the GenElute Total Mammalian
RNA Kit (Sigma, Taufkirchen, Germany) according to the
manufacturer’s protocol. RNA was then digested with RQ1
DNase (Promega, Mannheim, Germany). RNA concentrations
were determined and 1 µg RNA was used in the RT reaction
with random primers (Promega, Mannheim, Germany) and
MMLV reverse transcriptase (Promega, Mannheim,
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Germany). PCR for sFlt1-3 was performed with the forward
primer 5’-CGTTCCAGTCTTTCAACACC-3’ and reverse
primer 5’-CCAAGGAAACGTGAAAGC-3’. As positive
control, primers for human β-actin were used. The size of
the amplified product was about 250 bp. Analysis of the PCR
products occurred by electrophoresis on a 1% agarose gel.
For detection of sFlt1-3 100 µL of the harvested CM
was dispensed in a 96-well ELISA plate and incubated at
overnight. After washing thrice with PBS, the ELISA
4
plate was incubated for 2 h with anti mouse VEGF-R1 (Flt-1)
antibody (1:200, R&D Systems, Wiesbaden-Nordenstadt,
Germany). After antibody incubation, the plate was washed
with PBS and incubated with secondary antibody (1:25 000,
monoclonal anti-sheep/goat peroxidase conjugate, Sigma,
St. Louis, MO, USA) 2 h. After washing with PBS the plate
was incubated for 15 min with TMB substrate (Biozol,
Eching, Germany). Color intensity was measured in an ELISA
reader (Dynatech Laboratories, Frankfurt, Germany).
BrdU proliferation assay
Five thousand CT26 cells were resuspended in 40 µL of
culture medium and dispensed in each well of a 96-culture
plate and pre-incubated with 50 µL of CM. After 30 min
of pre-incubation time, 150 µL of RPMI 1640 containing
10% FCS was added. Cell culture was continued for 18 h
and then cells were labeled with BrdU for further 24 h. The
BrdU assay was performed according to the manufacturer’s
protocol (BrdU proliferation assay, Roche Diagnostics,
Mannheim, Germany).
In vitro testing of antiangiogenic effects (tube formation assay)
A 24-well plate was coated with 300 µL Matrigel (BD
Biosciences, Bedford, MA, USA). Twenty-four hours later,
HUVE cells (passage number <10) in 75 µL Medium200
(2.5×10 4 cells) were seeded on the Matrigel and preincubated for 30 min with 75 µL of CM (derived from Huh7
cells). One hundred and fifty microliters of Medium200 was
added and the cells were additionally incubated for 4-6 h.
Tube-like formations were counted under the light microscope
in high power fields.
Tumor induction
In vivo antitumoral efficacies were studied in a subcutaneous
CRC mouse model in C3H mice. 10 6 CT26 cells were
resuspended in 100 µL FCS-free culture medium and injected
subcutaneously via a 28-G syringe.
In vivo antitumor treatment
When reaching a tumor volume of 40 mm3, tumor treatment
was initiated by intravenous injection of 5×109 pfu/animal
AdLacZ (n = 11) and AdsFlt1-3 (n = 10) in 150 µL NaCl.
Tumor volumes were calculated by the formula: v = length
×width 2×0.52. From a subgroup of animals treated
intravenously with AdLacZ (n = 2), or AdsFlt1-3 (n = 3)
serum and tumor samples were taken at different time points
(at d 3, 6, 9, 14, 19, and 25) for VEGF-ELISA and histology,
respectively.
Immunohistochemistry
Tumor samples were embedded in tissue tech (DAKO), snap
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frozen in liquid nitrogen and stored at -80
for anti-von
Willebrand staining. Five millimeters of cryostat sections
were gently warmed up at RT. Then fixed in acetone for
10 min and dried on air. Sections were stained with dilution
of primary antibody (polyclonal rabbit antihuman von
Willebrand factor, 1:1 600). After washing with PBS, sections
were incubated with secondary antibody dilution of
biotinylated pig antirabbit immunoglobulin G (1:300) and
streptavidin conjugated to horseradish peroxidase (DAKO).
Sections were visualized by using the Dako ChemMate™
detection kit and counterstained with hematoxylin (DAKO).
Statistical analysis
All measured data are given with mean±SE. Differences
between values of different experimental groups were
analyzed for statistical significance by a non-parametric, twotailed test (Mann-Whitney test) for unpaired samples and in
case of histology by unpaired Student’s t-test. Survival rates
are presented as Kaplan-Maier curves. An error level P <0.05
was supposed to indicate significance.
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Figure 1 Gene expression of sFlt1-3 in vitro. RT-PCR was performed with A549
cells infected with AdsFlt1-3 or AdlacZ. Specific primer pairs for sFlt1-3 resulted
in bands of about 250 bp (C1 and C2), whereas no bands were detectable in the
negative control AdLacZ (A1 and A2). Expression of the house keeping gene βactin (514 bp) was similar for AdLacZ (B1 and B2) and AdsFlt1-3 (D1 and D2).

BrdU proliferation assay
To check for direct effects of sFlt1-3 on CRC tumor cells,

Number 28

In vitro testing of antiangiogenic effects (tube formation assay)
The tube formation assay tests the capability of HUVE
cells to form tube-like structures comprising endothelial cell
function like migration and tube formation. The results
showed that sFlt1-3 inhibited these cell functions by about
46% (Figure 2) compared to the AdlacZ control. This
indicates biological activity of sFlt1-3 in vitro.

A

AdLacZ

AdsFlt1-3

B
Tube like formations

A1

Volume 11

conditioned CM was tested for antitumor effects on CT26
tumor cells. As expected, we did not observe any direct
anti-proliferative effects (data not shown). We concluded
that potential antitumor effects were mediated by indirect
(angiostatic) mechanism and not by cytotoxic effects.

RESUL
TS
RESULTS
Propagation of adenoviral vectors
Wild-type contamination of the adenoviral stock solutions
was analyzed in A549 cells in a cytotoxic plaque assay. Virus
concentrations were determined as optical particle units and
ranged from 2.13×1012 opu/mL for AdLacZ to 7.04×1012
opu/mL for AdsFlt1-3, respectively. Virus titration in 293
cell plaque assays showed corresponding concentrations of
8.0×1012 pfu/mL for AdLacZ and 1.027×1012 pfu/mL for
AdsFlt1-3.
Protein expression and secretion of sFlt1-3
CM of infected A 549 cells was harvested to demonstrate
sFlt1-3 gene expression and protein secretion into cell
supernatant. The analysis of the RT-PCR showed similar
bands for β-actin (500 bp) in all samples and only AdsFlt13 infected cells showed an extra band at about 250 bp
representing the encoded transgene sFlt1-3 (Figure 1).
Protein expression was confirmed by ELISA in AdsFlt1-3
infected cells (106 ng/mL). This data demonstrate correct
vector function and protein secretion.
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Figure 2 Tube formation assay in vitro. HUVE cells were incubated on Matrigel
with CM from AdsFlt1-3- or AdLacZ-infected tumor cells. A: Exemplary light
microscope image (40× magnifications) of HUVE cells incubated with CM of
AdLacZ-infected cells and with CM of AdsFlt1-3-infected cells; B: So called
tube-like formations were quantified per high power field. Data are shown as
mean and SE (P = 0.10 compared to the control).

Systemic treatment
Since CT26 tumor cells express and secrete VEGF (68 pg/mL)
into cell supernatant, the CT26 tumor model is suitable to
study antitumor effects of an anti-VEGF therapy. The
systemic injection of 5×109 pfu/mL AdsFlt1-3 significantly
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Figure 3 Tumor treatment of pre-established CT-26 CRC. Vectors were
administered systemically (5×109 pfu, AdsFlt1-3, n = 10; AdLacZ, n = 11). Data
are given as mean tumor volume and SE (P = 0.006 compared to the control).
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Figure 4 No effect of AdLacZ and AdsFlt1-3 on the survival rate of tumor
bearing mice. Tumor treatment of pre-established CT-26 CRC. Vectors were
administered systemically (5×109 pfu, AdsFlt1-3, n = 10; AdLacZ, n = 11).
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Figure 6 Time course of ALT serum levels as marker of liver toxicity at d 3, 6,
9, 14, 19, 25, 32, and 42 after AdLacZ and AdsFlt1-3 treatment initiation (mean±SE).

reduced tumor growth by 72% compared to the AdLacZ
control 12 d after treatment initiation (Figure 3), but did
not improve the survival rate (Figure 4). VEGF serum levels
were similar in both groups, AdLacZ and AdsFlt1-3, (Figure 5)
and we did not observe any compensatory upregulation of
VEGF levels in serum. Liver toxicity was tolerable according
to alanine aminotransferase levels in serum (Figure 6).

were removed 9 d after treatment and as shown in Figure 7,
tumors of animals that had received AdLacZ showed
intense staining for von Willebrand factor, indicating
effective tumor vascularization, and tumor sections of
AdsFlt1-3-treated animals showed a marked reduction by
42% in microvessel density (Figure 7).

Inhibition of tumor angiogenesis by AdsFlt1-3 in vivo
Intratumoral microvessels density was determined by
immunohistochemistry for von Willebrand factor. Tumors

DISCUSSION
VEGF has been acknowledged as one of the most important
pro-angiogenic factors that are known to be involved in

A

B

Figure 7 Effective inhibition of tumor angiogenesis in vivo by treatment with AdsFlt13. Pre-established CRC tumors were treated with AdLacZ or AdsFlt1-3. Animals were
killed on d 9 after treatment and tumor tissue was removed. Microvessel density
was determined by anti-von Willebrand factor staining. A and B: Representative

C

Microvessel density (cells/HPF)

Figure 5 Time course of in vivo VEGF serum levels of tumor bearing mice that
had been treated with AdLacZ or AdsFlt1-3 (mean±SE).

30

20

10

0

AdLacZ AdsFlt1-3

photomicrographs show microvessel staining in tumors of AdLacZ- or AdsFlt1-3treated mice; C: quantitative analysis of microvessel density was made by counting
the positively stained cells per high-power fields (200× magnification). Data are
given as mean of cell number/HPF and SE (P = 0.02 compared to the control).
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tumor angiogenesis[7,14-16]. In particular, VEGF expression
has been shown to be elevated in metastatic CRC disease[2].
In the case of metastatic CRC, therapeutic options are still
limited and innovative approaches are warranted. Therefore,
we intended to confirm the antitumor efficacy of blocking
VEGF signaling by systemic administration of an adenovirus
delivering the VEGF receptor 1 fragment sFlt1-3 in a
subcutaneous metastatic murine CRC tumor model. Our data
show that the systemic vector application of AdsFlt1-3
induced significant antitumor effects in CRC.
Recently, several angiostatic antitumor approaches have
been used to inhibit experimental CRC. In a previous
publication, we were able to show that the local gene delivery
of angiostatin-like molecule (K1-3) inhibited tumor growth
in the same CRC model by 41% at d 8 after treatment
initiation. Another group had used a similar approach
employing an adenoviral construct encoding a distinct Flt-1
fragment to treat subcutaneous tumors, but then only the
local treatment was effective[6]. But principally, angiostatic
antitumor strategies do not intend to directly control growth
of the malignant tumor cell but rather to curb tumor
vascularization. Therefore, systemic gene delivery of
angiostatic proteins might even be more effective than local
applications. The vector construct we used in this study
had been shown to inhibit e.g. tumor growth of fibrosarcoma
and lung cancer in experimental studies after systemic
vector administration[13]. Here, we were able to confirm
the antitumoral efficacy of the AdsFlt1-3 construct in a
metastatic subcutaneous CRC model. But, according to other
angiostatic gene therapy studies and own findings, the
survival rate was not improved.
Since we could not observe any direct antiproliferative
effects of sFlt1-3 on CT26 CRC cells, antitumoral effects
most probably were mediated by indirect angiostatic effects.
This was supported by immune staining for von Willebrand
factor revealing decreased microvessel density in the
AdsFlt1-3 treatment group. Taken together, these results
correspond well to other publications reporting antiangiogenic effects of similar constructs in corneal or ocular
neovascularization assays[13].
Recently, potential side effects of adenoviruses have
provoked severe concerns of systemic vector applications
regarding particularly liver toxicity. Indeed, we observed
some ALT elevations, but at the dosage applied toxicity was
well tolerated.
In summary our data demonstrate that the systemic gene
transfer of sFlt1-3 induced significant antitumor effects on
pre-established subcutaneous metastatic CRC and antitumor
mechanism based on angiostatic effects. Thus, these data
further confirmed the value of blocking VEGF signaling
as an effective approach to treat CRC disease.
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Abstract
AIM: To investigate the effect of NS398 on the metastasisassociated gene expression in LoVo colorectal cancer cells.
METHODS: LoVo cells were treated with NS398 at the
concentration of 100 µmol/L for 24 and 48 h respectively.
Total RNA was extracted with TRIzol reagents and reverse
transcribed with Superscript II and hybridized with cDNA
microarray (containing oncogenes, tumor suppressor
genes, signal transduction molecules, adhesive molecules,
growth factors, and ESTs) fabricated in our laboratory.
After normalization, the ratio of gene expression of NS398
treated to untreated LoVo cells was either 2-fold up or
0.5-fold down was defined as the differentially expressed
genes. Semi-quantitative RT-PCR was used to validate
the microarray results.
RESULTS: Among the 447 metastasis-associated genes,
9 genes were upregulated and 8 genes were
downregulated in LoVo cells treated with NS398 for 24 h
compared to untreated cells. While 31 genes were
upregulated and 14 genes were downregulated in LoVo
cells treated with NS398 for 48 h. IGFBP-5, PAI-2, JUN,
REL, BRCA1, and BRCA2 might be the new targets of NS398
in treatment of colorectal cancer.
CONCLUSION: NS398 might exert its anti-metastasis
effect on colorectal cancer by affecting several metastasisassociated gene expression.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
N-[2-(cyclohexyloxy)-4-nitrophenyl] methanesulfonamide
(NS398) is a highly selective cyclooxygenase-2 (COX-2)
inhibitor. Its mechanism in anticancer effects involves many
signal pathways. One is induction of apoptosis of different
tumor cells. NS398 inhibits the viability of colon cancer
cell lines by apoptosis by the release of cytochrome C from
mitochondria and by the activation of caspase-9 and
caspase-3 and cleavage of poly (ADP-ribose) polymerase.
Cytochrome C pathway plays an important role in NS398induced apoptosis in colon cancer cell lines[1]. NS398 may
also suppress the growth of tumor cells by inhibiting the
cell cycle progression. It can increase the inhibitor of cell
cycles p27Kip1 by inhibiting protein degradation to
suppress the proliferation of human lung cancer cells, and
this in turn is caused by modulating p27Kip1 proteolysis.
Non-steroid anti-inflammatory drugs (NSAIDs) suppress
the expression of chymotrypsin-like catalytic subunits
(LMP5, LMP7, and LMP2), but do not directly block
enzymatic activity and inhibit proteasome activity. Reverse
transcriptase-competitive PCR and promoter activity assays
showed that this inhibition occurred at the transcriptional
level [2]. NS398 can exert its anti-angiogenesis and antimetastasis effects by inhibiting the expression of vascular
endothelial growth factor (VEGF)[3]. Its inhibitory effects
on the metastasis in vitro and in vivo are mainly mediated by
regulating the matrix metalloproteinase (MMP) family
components. NS398 can inhibit the invasiveness of prostate
cancer by reducing the release of MMP-2 and MMP-9
and increase of TIMP-2 but not TIMP-1[4]. NS398 inhibits
MMP-2 mRNA expression and also decreases the amount
of MMP-2 in human lung cancer cells. Additionally, this
COX-2 inhibitor attenuates the degrading activity of
MMP-2. The synthesis and processing of MMP-2 was
significantly suppressed by NS398. NS398 directly inhibits
MMP-2 promoter activity. However, the inhibitory effect
of NS398 is not fully dependent on inhibition of COX-2
because a high concentration of NS398 is needed to
suppress MMP-2 expression and addition of prostaglandin
E2 only partially reverses the action of NS398[5].
NS398 and aspirin also upregulate RECK mRNA level in
CL-1 human lung cancer cells. Additionally, NSAIDs increase
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RECK protein level which was associated with reduction of
MMP-2 activity. NSAID-activated RECK expression may
not be mediated via inhibition of COXs because addition
of prostaglandin E2 (PGE2) cannot counteract the effect of
NSAIDs and overexpression of COX-2 cannot downregulate
RECK [6]. To promote the application of NS398 in the
treatment and chemoprevention of colorectal cancer, and
observe whether it has other target genes, we detected the
effect of NS398 on the expression of metastasis-associated
genes in colorectal cancer cell lines by cDNA microarray.

MA
TERIALS AND METHODS
MATERIALS
Microarray fabrication
A total of 447 cDNA clones were obtained from Research
Genetics (Invitrogen, Life Technologies, USA). E.coli with
inserted metastasis-associated genes were cultured with
Luria-Bertain culture medium supplemented with ampicillin
(50 mg/L in final concentration) or chloromycin (170 mg/L)
in Innova TM 4330 refrigerated incubator shaker (New
Brunswick Scientific, USA) at the speed of 250 r/min
overnight at 37 . Clone plasmids were extracted with
Edge BioSystems (Gaithersburg, MD, Germany). Clone
inserts were PCR-amplified from the plasmids with M13
vector-specific universal primer (M13F: 5’-GGT GTA
AAA CGA CGG CCA GTG-3’; M13R: 5’CAC ACA GGA
AAC AGC TAT G-3’) in 96-well PCR microtiters. The PCR
products were purified with protocols published[7], and
resuspended in Arrayit spot solution. The purified PCR
products were printed on silanated slides (CEL Associates,
Houston, TX, USA) with Cartisan PixSys 5500 robot
(Cartesian Technologies, Irvine, CA, USA) and cDNA
microarrays were UV-cross-linked at 3 500 mJ using
Cl-1000 ultraviolet cross-linker (Stratagene). Microarrays
were post-processed according to protocol online[8].
Cell culture and drug treatment
LoVo cells were grown in the culture incubator at 37
with 50 mL/L CO2 in RPMI 1640 (Life Technologies, USA)
supplemented with 10% neonatal bovine serum. After the
cells were cultured to 60-70% confluence, 12 µL of NS398
dissolved in dimethyl sulfoxide (Me2SO) was added to make
the final concentration 100 µmol/L and further cultured
for 24 and 48 h respectively. The same amount of Me2SO
was added to the control.
RNA extraction
LoVo cells treated with NS398 or Me2SO were lysed with
TRIzol (Life Technologies Inc., Rockville, MD, USA)
according to the manufacturer’s protocol and total RNA
was extracted and stored at -80 . The concentration of
total RNA were measured with a biophotometer (Eppendorf
AG22331, Hamberg, Germany) and the 260/280 ratio of
RNA was 1.8-2.0.
Probe preparation
Probes were prepared as described previously[9,10] with some
modifications. First strand cDNA was synthesized by
priming 10 µg total RNA with 6 µg random hexamers
(Life Technologies Inc., Rockville, MD, USA) by heating at
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for 10 min, snap-cooling on ice for 30 s and
70
placed at room temperature for additional 5-10 min.
Reverse transcription was performed in the presence of
500 µmol/L each of dATP, dCTP and dGTP, 200 µmol/L
aminoallyl-dUTP (Sigma Chemical Co., St. Louis, MO,
USA), 300 µmol/L dTTP, 1× first strand buffer, 10 mmol/L
dithiolthreitol, and 400 U superscript II (Life Technologies)
overnight. Reactions were
in 30 µL reaction at 42
quenched with 0.5 mol/L EDTA and RNA template was
hydrolyzed by addition of 10 µL NaOH of 1 mol/L
for 10 min. Reactions were
followed by heating at 70
neutralized with 10 µL 1 mol/L HCl and cDNA was purified
with Amicon Microcon YM100 (Millipore Corporation,
Bedford, MA, USA) according to the manufacturer’s
protocol. cDNA was dried in speed vacuum concentrator
5301 (Eppendorf, Germany) and resuspended in 4.5 µL
0.1 mol/L (pH 9.0) sodium carbonate buffer. Aliquot of
Cy3 NHS ester dye (Amersham Pharmacia Biotech, UK)
was dissolved in 4.5 µL Me2SO (1 mg dye from one tube
was dissolved in 73 µL of Me2SO and aliquot in 16 tubes,
dried in speed vacuum and stored at 4 ) and added to the
resuspended cDNA and reactions were incubated at room
temperature in the dark for 1 h. Coupling reactions were
quenched by addition of 41 µL 0.1 mol/L sodium acetate
(pH 5.2), and unincorporated dye was removed using
QIAquick PCR purification kit (Qiagen, Germany) following
manufacturer’s instructions.
Hybridization and image processing
Each slide was printed with duplicate microarrays. Slides
were pre-hybridized in 1% BSA, 5× SSC, 0.1% SDS for
45 min, washed twice in de-ionized double distilled H2O
and 2-propanol and air-dried and used in 1 h. Fluorescent
cDNA probes were dried in speed vacuum and resuspended
in 10 µL hybridization buffer p5 µL formamide, 2.5 µL
20× SSC, 1.0 µL reagent grade double distilled water
(RGDD H2O), 0.5 µL 2% SDS and 1 µL human cot-1DNA].
water bath for 2 min and
Probes were denatured at 100
cooled at room temperature for 5 min. Room temperature
probes of NS398 treated and untreated group were applied
to the duplicate microarrays on the same pre-hybridized
microarrays, covered with hybridized coverslip (Sigma) and
placed in the hybridization chamber (Corning). Hybridizations
water bath for 20-22 h followed
was carried out at 42
by washing in 2× SSC and 0.1% SDS for 3 min, 1× SSC for
2 min and 0.2× SSC for 1 min and 0.05× SSC for 10 s, and
dried by spin at horizontal plate centrifuge at 90 r/min for
4 min. Microarrays were scanned using a ScanArray 4000
(Packard Bioscience, PE, USA) dual color confocal laser
scanner. Data were saved as paired TIFF images.
Data analysis
Spots were identified and local background subtracted in
the QuantArray 3.0. In the first step, a grid consisting of
square cells was drawn around each array element. Spot
segmentation was then performed using a fixed segmentation
method that uses the distribution of pixel intensity to
separate probable signal from background and a binary
threshold approach to identify spots, followed by a procedure
to exclude disconnected features. Raw intensity for each
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element was obtained by first excluding saturated pixels,
then summing all remaining pixel intensities inside the spot
contours. The area outside the spot contour but inside the
cell was used to calculate local background. Background
per pixel was estimated as a median of the pixels in this
area and multiplied by the spot area to give an estimated
spot background value. In the final step, this integrated
background value was subtracted from the raw integrated
spot intensity to produce the background-subtracted
integrated intensities used for further analysis. Furthermore,
a quality control filter was used to remove questionable
array features. Two criteria for spot rejection were the spot
shape deviating greatly from a circle and a low signal to
noise ratio. Spots for which the ratio of area to circumference
deviated by more than 20% from the value for an ideal
circle and spots containing less than 50% of pixels above
the median background values were flagged and eliminated
from further consideration. The spot intensity above blank
plus 2SD was used for the final analysis. Then the data
were normalized to total with software supplied by the
manufacturer. The two fold up- or down-regulated genes
were shown in red or green respectively.
Semi-quantitative RT-PCR validation of microarray results
The upregulated gene IGFBP-5 was measured by RT-PCR
to verify the microarray results. RT-PCR was performed
on MJ-PTC200 DNA engine using TaKaRa two-step
reaction with protocols supplied by the manufacturer. The
primers for IGFBP-5 were forward: 5’-TTG CCT CAA
CGA AAA GAG C-3’, reverse: 5’-AGA ATC CTT TGC
GGT CAC A3’[11]. The primers for β-actin were forward:
5’- AAG TAC TCC GTG TGG ATC GG -3’, reverse: 5’TCA AGT TGG GGG ACA AAA AG -3’[12]. PCR was
performed at 94
for 2 min, and 30 cycles at 94
for
for 30 s and at 72
for 60 s and a final
30 s, at 50
extension at 72
for 5 min. PCR products were
electrophoresed on 1% agarose gel. Images were captured
with Alpha ImageTM 2000. The band density was measured
with the software supplied by the same system.
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RESUL
TS
RESULTS
Plasmid extraction
The plasmids were extracted by Edge biosystems plasmids
extraction kit (Gaithersberg, MD, Germany). The extracted
plasmids were run on 1% agarose gel. The results shown
in Figure 1 are representative of the 447 clones. PCR
amplification of the 447 clones for the inserts is shown in
Figure 2. The single band amplification rate was 93%.

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Figure 1 Electrophoresis of clone 73-95 plasmids on 0.7% agarose. M:
DL2000, lanes 1-24 represent plasmids of clone 73-95.

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Figure 2 Electrophoresis of PCR products in 1% agarose. M: DL2000, lanes 1-24:
the PCR amplification of clone 73-95.

To identify metastasis-associated genes affected by
NS398, LoVo cells were treated with 100 µmol/L NS398
for 24 and 48 h respectively. The representative image is
shown in Figure 3. Image A represents the hybridized results
of untreated cells. Image B represents the hybridization
results of the NS398-treated LoVo cells and image C is the
overlay image of NS398-treated to control LoVo cells.
After treatment with NS398 for 24 h, 9 genes were
upregulated and 8 genes downregulated (Table 1). The

Table 1 Up- and down-regulated genes in NS398-treated LoVo cells for 24 h (mean±SD)
Accession number

Gene descriptions

Ratio

Not found

Hs.23723, “ESTs” (346390)

2.67±1.66

Not found

Hs.106513, “EST” (348242)

2.31±0.67

BC040844

Hs.198253, NS1-associated protein 1 (435598)

1.96±0.25

BC011714

Hs.9605, heterogeneous nuclear ribonucleoprotein D-like (190165)

2.08±0.46

Not found

Hs.277401, ESTs (35363)

2.04±0.13

NT_024524

Hs.277704, PIBF1 gene product (124966)

2.29±0.81

BC007674

Hs.180414, CD24 antigen (small cell lung carcinoma cluster 4 antigen) (115306)

1.98±0.22

NM_003127

Hs.87497, spectrin, alpha, non-erythrocytic 1 (alpha-fodrin, 3021698)

2.27±0.53

Not found

Hs.272073, ESTs (1296662)

1.95±0.24

BT007404

Hs.8037, CD24 antigen (small cell lung carcinoma cluster 4 antigen, 124098)

0.49±0.04

K01500

Hs.18443, alpha-1-antichymotrypsin (117439)

0.51±0.05

Not found

Hs.45209, EST(2118886)

0.49±0.04

NM_005564

LCN2 (oncogene 24p3, 595821)

0.47±0.17

NM_001022

Hs.43913, ribosomal protein S19 (453963)

0.53±0.06

NM_003259

Intercellular adhesion molecule 5, telencephalin (ICAM5, 180864)

0.36±0.14

NM_002228

v-jun avian sarcoma virus 17 oncogene homolog (JUN, 823612)

0.51±0.07

NM_002908

v-rel avian reticuloendotheliosis viral oncogene homolog (REL, 2723459)

0.45±0.06
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Table 2 Up- and down-regulated genes in NS398-treated LoVo cells for 48 h (mean±SD)
Accession number

Gene description

Not found

Hs.23723, “ESTs” (346390)

3.41±1.76

Not found

Hs.106513, “EST” (348242)

3.05±1.88

BC040844

Hs.198253, NS1-associated protein 1 (435598)

2.51±0.53

AF257505

Hs.23317, butyrophilin, subfamily 3, member A2 (219410)

2.12±0.56

NT_033899

Hs.28043, KIAA0712 gene product (219914)

2.13±0.40

BC011714

Hs.9605, heterogeneous nuclear ribonucleoprotein D-like (190165)

2.34±0.51

M62782

Hs.22907, human insulin-like growth factor binding protein 5 (IGFBP5) mRNA (31397)

2.15±0.43

NM_003127

Hs.87497, spectrin, alpha, non-erythrocytic 1 (alpha-fodrin, 3021698)

2.14±0.13

BC008005

Hs.116459, nucleotide binding protein 2 (E coli MinD like, 2498589)

2.01±0.29

Not found

Hs.43913, ESTs (2498857)

2.20±0.28

Not found

Hs.272073, ESTs (1296662)

2.33±0.43

BM508995

Hs.106513, ESTs, highly similar to proteasome (H sapiens, 1302647)

2.47±0.76

NM_000624

Hs.150580, alpha-1-antichymotrypsin (1322220)

2.14±0.35

AF248734

Hs.87497, apoptotic protease activating factor (963055)

2.28±0.45

BC002965

Lysosomal-associated membrane protein 2 (LAMP2), transcript variant LAMP2A (134418)

2.34±0.69

NM_006536

Chloride channel, calcium activated, family member 2 (CLCA2, 781187)

2.39±0.42

M90657

Tumor-associated antigen L6 (1964132)

2.85±1.58

Not found

Spliceosome associated protein 145 (1964680)

2.28±0.34

AW674474

Putative insulin-like growth factor ii associated (229316)

2.32±0.50

AF041835

Laminin, gamma 3 (LAMC3, 2497685)

2.16±0.48

AB019987

Chromosome-associated polypeptide-c (2597847)

2.06±0.09

AW277011

Putative vacuolar protein sorting-associated protein c (2744695)

2.20±0.64

BC032547

Homeo box A1 (HOXA1, 3923611)

2.27±1.18

NM_003391

Wingless-type MMTV integration site family member 2 (WNT2, 149373)

2.27±0.28

BC027948

c-fos induced growth factor (VEGF D, FIGF, 160946)

2.15±0.27

NM_001792

Cadherin 2, N-cadherin (neuronal, CDH2, 3617894)

2.03±0.10

NM_001964

Early growth response 1 (EGR1, 182411)

2.61±0.47

AF071400

Plasminogen activator inhibitor, type II (arginine-serpin, PAI2, 323255)

2.41±0.39

NM_002447

Macrophage stimulating 1 receptor (c-met-related tyrosine kinase, MST1R, 586698)

2.45±0.62

NM_003254

Tissue inhibitor of metalloproteinase 1 (erythroid potentiating activity,

NM_003182

Ratio

collagenase inhibitor, TIMP1, 771755)

2.02±0.18

Tachykinin, precursor 1 (substance K, substance P, neurokinin 1, neurokinin 2, neuromedin L,

2.22±0.30

neurokinin alpha, neuropeptide K, neuropeptide gamma, TAC1), transcript variant beta (784179)
BC004986

Hs.77202, ribosomal protein S25 (178052)

0.49±0.06

BC035128

Hs.23317, Max-interacting protein (130696)

0.45±0.05

Not found

Hs.23954, ESTs (132543)

0.51±0.06

AJ001810

Hs.106513, pre-mRNA cleavage factor Im (25 ku)

0.48±0.01

BC053521

66834, Hs.76847, spectrin, alpha, non-erythrocytic 1 (alpha-fodrin, 31230)

0.47±0.15

M64716

Hs.234726, ribosomal protein S25 (4932742)

0.46±0.05

BC032589

No, beta-2-microglobulin (1907327)

0.48±0.11

Not found

Hs.45209, EST (2118886)

0.47±0.11

NT_024524

Hs.15058, PIBF1 gene product (1596167)

0.50±0.05

NM_001779

CD58 antigen (lymphocyte function-associated antigen 3, CD58, 490368)

0.50±0.15

NM_002228

v-jun avian sarcoma virus 17 oncogene homolog (JUN, 823612)

0.41±0.11

NM_020979

Adaptor protein with pleckstrin homology and src homology 2 domains (APS, 3056093)

0.49±0.17

NM_000059

Breast cancer 2, early onset (BRCA2, 3850805)

0.30±0.10

NM_001223

Caspase 1, apoptosis-related cysteine protease (interleukin 1, beta, convertase, CASP1, 3858119)

0.48±0.09

The number in parenthesis represents the IMAGE clone number.

downregulated genes included lipocalin 2 (oncogene 24p3)
(LCN2), intercellular adhesion molecule 5, telencephalin
(ICAM5), v-jun avian sarcoma virus 17 oncogene homolog
(JUN), v-rel avian reticuloendotheliosis viral oncogene
homolog (REL). Five genes after being treated for 24 h
were still highly expressed until 48 h and one gene was still
inhibited until 48 h.
After 48 h of treatment more genes were regulated
by NS398. Of the 447 genes analyzed, 31 genes were
upregulated and 14 genes downregulated (Table 2). IGFBP-5,

APAF, LAMP2, CLCA2, laminin gamma3, HOXA1,
WNT2, N-cadherin, PAI-2, TIMP could inhibit the metastasis
of tumor.
Validation of microarray results by semi-quantitative RT-PCR
IGFBP-5 gene expression was validated with TAKARA
version 2.1 RT-PCR kit. The expression level was measured
with alpha InnoTechTM 2000 spot density method. The
NS398-treated LoVo cells expressed more IGFBP-5 mRNA
(Figure 4). The relative expression ratio to β-actin was 0.21,
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Figure 3 Representative image of cDNA microarray. A: Image of the DMSO
treated control, B: image of NS398-treated LoVo cell, C: overlay image of

A

NS398-treated loVo cell to control.

IGFBP-5 377 bp
Actin 540 bp

M

1

2

3

4

Ratio of IGFBP-5 to actin

B

0.5

Semiquantitative RT-PCR of IGFBP-5
0.89

0.4
0.3

0.47

0.21

0.22

Con

48-1

0.2
0.1
0.0

48-2
Treatment

48-3

Figure 4 IGFBP-5 mRNA expression in NS398-treated LoVo cell. A: mRNA
level measured with semi-quantitative RT-PCR. M: DL2000, lanes 1-4 control

and 3 replicates of NS398 treated loVo cell; B: Relative ratios of the IGFBP-5
to actin.

0.22, 0.39, and 0.47 for the control and the three NS398-treated
replicate experiments. The IGFBP-5 mRNA level in NS398treated LoVo cells to untreated LoVo cells was 1.05, 1.85,
and 2.23 respectively for the three replicate experiments. It
was in accord with the microarray results.

and REL. It was reported that NS398 downregulates the
expression of COX-2, nuclear factor-kappaB, p50 and Rel
A p65, and its anti-tumor effect is associated with COX-2
transcription inhibition[14].
After being treated for 48 h with NS398, the metastasisassociated genes expressed by LoVo cells changed more
profoundly. Thirty-one genes were upregulated, including
NS1-associated protein 1, IGFBP5, spectrin, nucleotide
binding protein 2, alpha-1-antichymotrypsin, apoptotic
protease activating factor, LAMP2, CLCA2, tumorassociated antigen L6, putative insulin-like growth factor,
chromosome-associated polypeptide-c, HOXA1, WNT2,
FIGF, N-cadherin, PAI2, macrophage-stimulating 1 receptor
(MST1R), TIMP1, tachykinin, and precursor.
E-cadherin and N-cadherin are members of the cadherin
family of calcium-dependent cell adhesion molecules that
play an important role in the embryogenic development
and maintenance of normal tissues. N-cadherin present in
the most invasive and dedifferentiated breast cancer cell
lines, and its exogenous expression in tumor cells induces a
scattered morphology and high motility, invasion, and
metastasis. N-cadherin co-operates with the fibroblast
growth factor receptor, resulting in signals that lead to the
upmodulation of MMP-9 and cellular invasion. N-cadherin
probably also supports the systemic dissemination of tumor
cells by enabling the circulation of tumor cells to associate
with the stroma and the endothelium at distant sites[15].
Ectopically expressed N-cadherin fails to assemble cadherin/
catenin adhesion complexes and to inhibit invasion. The

DISCUSSION
NS398 is a highly selective COX-2 inhibitor. Its anticancer
effects have been linked to cell apoptosis and inhibition of
MMP and anti-angiogenesis. NS398 also exerts its synergistic
effect with radiotherapy for the treatment of head and neck
squamous cell cancer (HNSCC) by inhibiting radiationinduced expression of COX-2[12] and increases the sensitivity
of chemotherapy by enhancing the expression of cyclindependent kinase inhibitors p21 (Waf1) and p27 (Kip1),
promoting apoptosis of tumor cells, therefore makes the
cells stay in G1 arrest[13].
cDNA microarray has been widely used in the screening
of drug targets. To identify whether NS398 had other target
genes in the treatment of colorectal cancer, we treated LoVo
cells with NS398 and the expression of metastasis-associated
genes were measured with microarray. The results showed
that NS398 influenced the expression of some metastasis
genes. After being treated for 24 h, NS398 increased the
production of NS1-associated protein 1, PIBF1 gene, CD24
antigen, and some ESTS. Simultaneously NS398 can
inhibit the expression of some oncogenes such as alpha-1antichymotrypsin, LCN2 (oncogene 24p3), ICAM5, JUN
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association of N-cadherin with long P120 (ctn) and tyrosine
may explain why N-cadherin cannot replace E-cadherin in
pancreatic carcinoma cells[16]. But there are conflicting results
of the expression of N-cadherin with the invasion of tumor.
P-cadherin is detectable in 40%, N-cadherin in 30%, and
E-cadherin in 81% invasive carcinomas. P-cadherin but not
E/N-cadherin expression in breast carcinomas shows a
strong correlation with higher grade (poorer differentiation),
lack of ERs, and presence of EGFR, and its expression may
aid in the further subdivision of high grade carcinomas[17].
In the upregulated genes, IGFBP-5 is of great importance.
Until now the role of IGFBP-5 in the tumor development
is different in different tumors. Expression of IGFBP-5,
both by stable transfection and adenoviral-mediated
infection, can inhibit the growth of MDA-MB-231 and
Hs578T human breast cancer cells over a 13-d period.
IGFBP-5 is a potent growth inhibitor and proapoptotic
agent in human breast cancer cells via modulation of cell
cycle and apoptotic mediators[18].
IGFBP5 is also overexpressed in thyroid tumors.
IGFBP-5 and gene 44 are significantly overexpressed in
papillary carcinoma [19]. IGFBP-5 mRNA levels are the
highest in the benign group without edema of meningiomas,
whereas IGFBP-6 mRNA levels are the highest in the
group with brain invasion[20]. The presence of IGFBP-5
significantly inhibits cell death induced by C2 or RGD.
IGFBP-5 promotes the attachment and survival of Hs578T
cells by modulating the balance between ceramide and
opposing survival signals[21]. IGFBP-5 has no effect on the
proliferation, migration and invasiveness of RSVT2/C
cells in vitro[22].
Insulin-like growth factor (IGF)-I and -II are potent
mitogens, and can exert autocrine and paracrine effects on
growth regulation in human gastric cancer. Their mitogenic
effects are regulated by the IGFBPs. The expression pattern
of IGFBPs was heterogeneous in the gastric cancer cell
lines. IGFBP-2 is expressed in all gastric cancer cell lines,
whereas IGFBP-1 is not detectable in any cell line. IGFBP-4
is expressed in most cell lines. IGFBP-3, IGFBP-5, and
IGFBP-6 are expressed in approximately 50% of cell lines.
In addition, exogenous IGF-I and -II stimulate the
proliferation of gastric cancer cells, suggesting the existence
of a functional IGF system in gastric cancer. Our data
suggest that the IGF-IGFBP system may play an important
role in the initiation, progression, and metastasis of gastric
cancer[23].
Osteosarcoma cells transfected with IGFBP-5 reduce
proliferation under both anchorage-dependent and independent manner. The increase of proliferation observed
in IGFBP-5-secreting clones after addition of exogenous
IGF is significantly less than that observed in mocktransfected cells or parental cells. A similar result has been
obtained with long [R3] IGF-I which has a low affinity
for all IGFBPs, suggesting that the inhibitory effect of
IGFBP-5 is only partially IGF-dependent and this effect
may be due to an induction of differentiation in these cells
because IGFBP-5 increases the normal component secretion
of osteosarcoma cells[24].
Upregulation of PAI-2 in LoVo cells may be another
mechanism of NS398 underlying the inhibitory effects of
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tumor cells. PAI-2 is downregulated in esophageal
adenocarcinoma compared to normal esophageal tissues[25].
Plasminogen activator inhibitor-2 (PAI-2), a gene whose
expression has been linked to cell invasion, has been
identified in head and neck tumor cell line. In addition,
immunohistochemical evaluation of biopsy samples reveals
a high expression of PAI-2 in both normal and dysplastic
epithelia with a marked decrease of expression in areas of
the biopsies containing HNSCC[26].
The downregulated genes include Max-interacting
protein, spectrin, beta-2-microglobulin, CD58 antigen,
JUN, APS, BRCA2, CASP1, and some ESTS. BRCA1 and
BRCA2 staining increases in the apical cell pole of epithelial
malignant cells and in colorectal tumor specimens. Increased
BRCA1 and BRCA2 expression may be explained by the
fact that colorectal tissue is subjected to very active
proliferation and differentiation[27]. High BRCA2 mRNA
level is associated with poor outcome and correlates
positively and strongly with cell proliferation in breast
cancer[28]. NS398 may inhibit the growth of colorectal cancer
by downregulating the expression of BRCA2.
In conclusion, the upregulated and downregulated
genes identified by cDNA microarray may be the new
target genes of NS398.
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Abstract
AIM: We set to determine factors that determine clinical
severity after the development of resistance.
METHODS: Thirty-five Asian patients with genotypic
lamivudine resistance were analyzed in three groups:
13/35 (37%) were non-cirrhotics with normal pre-treatment
ALT (Group IA), 12/35 (34%) were non-cirrhotics with
elevated pre-treatment ALT (Group IB), and 10/35 (29%)
were cirrhotics (Group II). Patients were followed for a
median of 98 wk (range 26-220) after the emergence of
genotypic resistance.
RESULTS: Group IA patients tended to retain normal ALT.
Group IB patients showed initial improvement of ALT with
lamivudine but 9/12 patients (75%) developed abnormal
ALT subsequently. On follow-up however, this persisted
in only 33%. Group II patients also showed improvement
while on treatment, but they deteriorated with the emergence
of resistance with 30% death from decompensated liver
disease. Pretreatment ALT levels and CPT score (in the
cirrhotic group) were predictive of clinical resistance and
correlated with peak ALT levels and CPT score.
CONCLUSION: The phenotype of lamivudine-resistant
HBV correlated with the pretreatment phenotype. The
clinical course was generally benign in non-cirrhotics.
However, cirrhotics had a high risk of progression and
death (30%) with the development of lamivudine resistance.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Treatment of CHB was revolutionized by the introduction
of orally administered antiviral agents. Lamivudine, a
nucleoside analog and the first orally available antiviral agent
for CHB, had demonstrated significant results in clinical
trials, with universal suppression of HBV DNA level by 3
logs, 55% improvement in histological necroinflammatory
score, normalization of ALT in the majority of patients
after 1 year of treatment [1,2]. Even among patients with
decompen-sated hepatitis B cirrhosis, there was clinical
improvement[3], thus enabling some of them to be taken
off liver transplant waiting lists.
However, drug resistance with lamivudine occurs with
prolonged usage, rising from 14-24% at the end of first
year, to 57% by the end of year 3[4,5]. Resistance occurred
primarily as a result of mutations in the YMDD motif of
the polymerase gene although subsequently, mutations at
other sites have been reported[6]. Initial reports suggested
that lamivudine-resistant HBV virus may be less virulent and
replication-defective, as the ALT and HBV DNA levels caused
by these mutant viruses were lower than the pretreatment
values[7]. However, subsequent reports of decompensation,
acute exacerbations, and deaths from such mutant viruses
suggested otherwise[8,9]. This has given rise to the suggestion
of limiting lamivudine therapy to 12 mo duration in order
to avoid the development of these mutants[10].
Lamivudine resistance can be divided into genotypic and
clinical phenotypic resistance. Genotypic resistance refers
to the presence of a lamivudine-resistant strain such as the
YMDD mutants, which in itself may not lead to any clinical
sequela, since such strains have been detected in patients
who have not had prior exposure to lamivudine[11]. Clinical
phenotypic resistance refers to the presence of genotypic
resistance with the subsequent development of clinical
deterioration, defined as elevation of transaminases and/or
deterioration of liver histology and liver function. Factors
that predict the development of genotypic resistance[5,12]
had been evaluated in many studies, which included
pretreatment HBV DNA level, ALT level, body mass index,
adw serotype, and core promoter mutations[13-15]. However,
these studies did not address the more important question
of which factor(s) actually lead to clinical resistance.
Hence, we set to examine variables that determined the
clinical phenotypes after the development of genotypic
lamivudine resistance.
MA
TERIALS AND METHODS
MATERIALS
Patients
From January 1996 to April 2003, we prospectively followed
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all patients started on lamivudine 100 or 150 mg daily
monotherapy for clinical indications, or who had completed
trials of lamivudine monotherapy, at 3 monthly intervals.
These included patients who were recruited from the Asian
Multicentre Lamivudine Trial and its subsequent rollover
follow-up study NUCB3018 [1,4,16], which also included
patients with normal pre-treatment ALT levels. Patients were
also given lamivudine if it was clinically indicated, such as
persistently abnormal ALT levels (greater than twice upper
limit of normal for at least 3 mo duration), decompensated
liver disease (development of variceal hemorrhage, ascites,
and hepatic encephalopathy), or were on the liver transplant
waiting list. All patients had detectable HBV DNA by a
non-PCR based assay prior to initiation of therapy. Lamivudine
was prescribed for at least a year and was continued even
when genotypic resistance developed. During the duration
of the study, none of the patients were given adefovir
dipivoxil as a rescue therapy as it was not yet available in
Singapore. This study was approved by the Institutional
Review Board of the National University Hospital, Singapore.
Exclusion criteria
Patients who tested positive for anti-HCV, anti-HDV, and
HIV, had significant history of alcohol intake (defined as
more than seven drinks per week), or were non-compliant
with lamivudine were excluded from the study. Patients who
developed resistance after liver transplants were also excluded.
Measurement of HBV DNA
Prior to March 2000, the Abbott HBV DNA assay (Abbott
Laboratories, North Chicago, IL, USA) was used for HBV
DNA viral load quantification. After March 2000, this assay
was substituted to a branched-chain assay (Chiron QuantiplexTM,
Chiron Corp). Results of the Abbott HBV DNA assay were
converted using the Multimeasurement Method[17].
Phenotypes
Eligible patients were classified into three distinct phenotypes
according to their baseline characteristics. The presence of
cirrhosis was determined by liver biopsy or by ultrasonographic
features in those with clinical decompensated disease.
Group IA Non-cirrhotic patients with normal baseline
ALT level
Group IB Non-cirrhotic patients with abnormal baseline
ALT level
Group II
Cirrhotic patients
Genotypic lamivudine resistance
Genotypic resistance was defined as reappearance of at
least two consecutive detectable HBV DNA levels after a
period of undetectable level whilst on continuous lamivudine
therapy for more than 6 mo.
Characterization of lamivudine resistance by sequencing
Confirmation of genotypic resistance was performed by
comparison of results from direct sequencing of the HBV
polymerase of the HBV DNA samples before starting
lamivudine, and after development of resistance. DNA was
extracted and direct sequencing was performed at a 750 bp
region between nt 253 and 1 006 of the HBV genome
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using the two primers:
Forward primer: 5’-GAC TCG TGG TGG ACT TCT
CTC AA- 3’.
Reverse primer: 5’-CCC ACA ATT CTT TGA CAT
ACT TTC C-3’. The forward and reverse sequences were
aligned using the Seqman program (DNAstar). This segment
has been known to contain all the mutations known to confer
lamivudine resistance. New mutations emerging after
treatment of lamivudine were determined for their resistance
conferring properties from previously published data and
categorized using the new nomenclature[6,18].
Clinical resistance
All patients were followed for a minimum of 6 mo after
the emergence of genotypic resistance and for as long as
the patients were continued on lamivudine. Serial analysis
of ALT, bilirubin, prothrombin time, HBeAg, anti HBe and
HBV DNA level by Chiron QuantiplexTM, at 3 monthly
intervals were done. Serial Child-Pugh Turcot (CPT) scores
were also calculated. No serial liver biopsy was performed
in our patients.
In the non-cirrhotic group, clinical resistance was defined
as abnormal rise in ALT greater than twice upper limit of
normal. In the cirrhotic group, clinical resistance was defined
as abnormal rise in ALT greater than twice the normal upper
limit, or an increase of CPT Score by two points or more.
Clinical severity was assessed at four time points: timepoint
1 (baseline or pretreatment), timepoint 2 (6 mo after the
commencement of lamivudine therapy), timepoint 3 (peak
ALT or CPT levels after the development of genotypic
resistance), and timepoint 4 (last ALT or CPT on follow-up).
HBV genotyping
HBV genotyping was performed using restriction fragment
length polymorphism created by Ava2 and Dpn2 action on
an amplified segment of the pre-S region as previously
described[19].
Statistical analysis
Changes in ALT level and CPT Score were compared at
four timepoints within each group of patients. Statistical
analysis was performed by Wilcoxon Matched-Pairs Signed
Rank Test to avoid the effect of pooling results from different
patients. The relationship of two continuous variables was
tested by Spearman ρ Correlation test. P values of less than
0.05 were considered statistically significant.
The following parameters: age, sex, baseline ALT, ALT
at the point of emergence of resistance, baseline HBV DNA
level, peak HBV DNA post genotypic resistance, duration
of lamivudine treatment, type of mutation, genotype and
HBeAg seroconversion were analyzed by univariate analysis
to determine factors associated with phenotypic resistance.
Categorical variables and continuous variables were compared
by Fisher’s exact test and Student’s t-test, as appropriate.
Significant factors from univariate analysis were then
analyzed by multivariate analysis by forward logistic regression
to determine independent factors associated with phenotypic
resistance.
All statistical analysis was performed using computer
software, SPSS 10.0 for Windows (SPSS Inc., Chicago, IL, USA).
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RESUL
TS
RESULTS
Patients
A total of 78 patients were prescribed lamivudine for
hepatitis B related indications or had completed a clinical
trial of lamivudine therapy at our institution for a minimum
of 1 year during the study period. Of these, 35 patients
(45%) developed genotypic resistance to lamivudine while
on treatment after a median of 143 wk (range 35-212 wk)
and were included in this study. Twenty-one (60%) were
part of the Asian Lamivudine Trial (NUCB 3009/NUCB3018)
[1]
, of which 11 received uninterrupted lamivudine treatment
while 10 were restarted on open label lamivudine after viral
breakthrough when they were on placebo. The remainder
of the patients was given lamivudine for clinical indications
of chronic hepatitis (n = 4, 11%) and cirrhotic liver disease
(n = 10, 29%), respectively. One patient was eligible to enter
a trial of adefovir/lamivudine (NUCB 20904) treatment
for persistent abnormal transaminases at 56 wk after
emergence of resistance. Data up to the point of trial entry
was used for analysis but data thereafter was censored. No
patient received liver transplant after the emergence of
resistance. Thus in total, 35 patients were eligible for analysis.
There were no missing patients or dropouts from the cohort.
All 35 patients were stratified into three groups
(Table 1): 13 patients (37%) were in Group IA (noncirrhotic patients with normal baseline ALT), 12 (34%)
of patients were in Group IB (non-cirrhotic patients with
abnormal baseline ALT), and the remainder of the patients
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(n = 10, 29%) were in Group II (cirrhotic patients). Group
IA and B patients were predominantly from the Asian
Lamivudine trial and had a median age of 35 years (range:
21-48 years) and 34 years (range 20-45 years), respectively.
Patients in Group II were expectedly older with median
age of 52 years (range 42-68). There was a preponderance
of male patients (M:F = 30:5). With the exception of
one Malay patient, all remaining patients were Chinese
(97%). Of these 35 patients, genotypic resistance developed
at a median of 143 wk after being on lamivudine (range
35-212). Median patients follow-up after genotypic
resistance was 102 wk (range 26-220).
HBV genotypes
Majority of the patients had either genotypes B or C. Eighteen
(51%) were of HBV genotype B while 13 patients (37%)
had genotype C. Four (12%) had other genotypes: one was
Genotype A, one had a mixture of B/C genotypes, and
two were untypable (Table 2).
Mutations involved in lamivudine resistance
Sixteen of thirty-five patients (46%) were found to have the
rtM204I (YIDD) mutation at the YMDD motif, whilst
12/35 (34%) demonstrated the rtM204V (YVDD) mutation
and the remainder had at least one acquired mutation that was
not present at the baseline and was known to confer resistance
against lamivudine. (Figure 1). These included various
combinations of mutations at rtA181T, rtL80V/I and rtL187I.

Table 1 Baseline characteristics of all patients
Group IA
n = 13 (37%)

Group IB
n = 12 (34%)

Group II
n = 10 (29%)

All patients
n = 35 (100%)

Median age (range)

35 (21-48)

34 (20-45)

52 (42-68)

38 (20-68)

Male (%)
Chinese ethnicity (%)

9 (69)
13 (100)

11 (92)
11 (92)

10 (100)
10 (100)

30 (86)
34 (97)

Median (range) baseline ALT, U/L
Median (range) baseline HBV DNA, Meg/mL

28 (16-58)
294 (120–1 680)

Median baseline CPT score
Median (range) duration of lamivudine
at emergence of genotypic resistance, wk
Follow-up after genotypic resistance, wk
Number (%) with phenotypic resistance

136 (78-1 124)
253 (38–616)

NA

87 (33-761)
291 (20–786)

NA

160 (35-198)
96 (48-220)

7.0 (5-13)

110 (42-212)
124 (26-208)

3 (23)

74(16-1 124)
280 (20–1 680)

62 (36-120)
64 (34-102)

9 (75)

6 (60)

NA
143 (35-212)
102 (26-220)
18 (51)

Table 2 Comparison between patients with and without phenotypic resistance in univariate analysis

Median (range) age (yr)
Male (%)
Chinese (%)
Genotype (B:C:others)
Type of mutation (rtM204I:rtM204V:others)
Median (range) baseline ALT level, U/L
ALT level at emergence of genotypic resistance, U/L
Successful HBeAg seroconversion (%)
Median (range) baseline HBV DNA, Meq/mL
Median (range) peak HBV DNA after emergence of resistance, pg/mL
Median (range) duration of lamivudine at onset of resistance, wk
Median (range) duration of follow up after resistance, wk
Median (range) baseline CPT Score for cirrhotic patients, n = 10

Patients with
phenotypic resistance
n = 18

Patients without
phenotypic resistance
n = 17

P

34 (21-60)
17 (94)
17/18 (94)
7B/ 7C/ 2 others
12:2:4
96 (42-1 124)
48 (22-82)
12
249 (20-788)
186 (8.8-1 064)
88 (35-212)
124 (52-204)
(n = 6) 8 (5-13)

37(20-68)
13 (76)
17/17 (100)
11B /6C/ 2 others
4:10:3
40 (16-143)
36 (24-68)
17.7
336 (20-1 680)
314 (9-3 920)
124 (36-202)
102 (26-220)
(n = 4) 7 (5-9)

0.95
0.16
0.28
0.56
0.074
0.018
0.36
0.43
0.17
0.33
0.16
0.29
0.038
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Figure 1 Distribution of the type HBV DNA mutations in the polymerase gene.

Clinical resistance
(1) Group IA (non-cirrhotic with normal baseline ALT),
n = 13 (Figure 2A).
Only three patients (23%) developed abnormal ALT
after the emergence of genotypic resistance at median
follow-up of 96 (range: 48-220 wk). The changes in ALT in
the group between the four timepoints were non-significant.
All three patients normalized their ALT after a median
duration of 6 (range: 4-12 wk), one of whom achieved HBeAg
seroconversion; (2) Group IB (non-cirrhotic with abnormal

baseline ALT), n = 12 (Figure 2B).
Normalization of ALT levels 6 mo after starting lamivudine
was seen in all patients (Wilcoxon signed Rank P = 0.012).
However, with the emergence of genotypic resistance, 9
out of 12 patients (75%) developed abnormal ALT (Wilcoxon
signed Rank P = 0.017) after median follow-up of 124
(range: 26-208) wk. Two patients registered peak ALT
elevations of more than 10 times upper limit of normal,
one of whom had the highest ALT (>17 X ULN) at the
baseline. ALT level at timepoints 3 and 4 were similar to
the baseline level at timepoint 1 (P>0.05). Five of the nine
(56%) patients normalized their ALT after a median duration
of 8 (range: 4-14) wk, two of whom achieved HBeAg
seroconversion.
(3) Group II (patients with cirrhosis), n = 10 (Figure 3).
Six patients (60%) had abnormal ALT at the baseline
(Figure 3A). All patients showedALT improvement after
treatment with lamivudine (Wilcoxon signed Rank Test,
P = 0.015). With the emergence of genotypic resistance,
abnormal ALT elevations occurred in five patients (50%) after
a median follow-up of 64 (range: 34-102) wk. The development
of abnormal ALT at timepoint 3 compared to timepoint 2
was statistically significant (P = 0.017). When ALT levels
among timepoints 1, 3, and 4 were compared, no significant
difference was found. All the five patients with flares of
ALT normalized their ALT level after a median duration

1P = 0.38, 2P = 0.30, 3P = 0.012, 4P = 0.017, (Wilcoxon sign rank test)
1P = 0.895, 2P = 0.182, 3P = 0.08, 4P = 0.609, (Wilcoxon sign rank test)
1P: Baseline vs last follow up
2P: Baseline vs post resistance
3P: Baseline 4P: Treatment vs
post resistance
vs Treatment

350
300
250
200
150
100
50
0
Timepoint 1
Pre-Treatment

Timepoint 2
6 mo post
treatment

1P = 0.33, 2P = 0.615, 3P = 0.015, 4P = 0.017, (Wilcoxon sign rank test)
1P: Baseline vs last follow up
A
2P: Baseline vs post resistance
3P: Baseline vs Treatment 4P: Treatment vs post resistance

3 000
2 800
1 600
1 400
1 200
1 000
800
600
400
200
0

Timepoint 1 Timepoint 2 Timepoint 3 Timepoint 4
Pre-Treatment 6 mo post Peak level Last follow-up
treatment

elevated pre-treatment ALT (n = 12).

1P = 0.77, 2P =0.32, 3P = 0.002, 4P = 0.004, (Wilcoxon sign rank test)
1P: Baseline vs last follow up
B
2P: Baseline vs post resistance
3P: Baseline vs Treatment 4P: Treatment vs post resistance

16
Child pugh score

800
700
600
500
400
300
200
100
0

2P: Baseline vs post resistance
3P: Baseline 4P: Treatment vs
vs Treatment post resistance

Timepoint 3 Timepoint 4
Peak level Last follow-up

Figure 2 ALT of Group IA and IB. A: ALT of Group IA: non cirrhotic patients with
normal pre-treatment ALT (n = 13); B: ALT of Group IB: non-cirrhotic patients with

ALT,U/L (ULN = 60)

1P: Baseline vs last follow up

B

ALT U/L (ULN = 60)

ALT U/L (ULN = 60)

A

Timepoint 2
Timepoint 1 6 mo post Timepoint 3 Timepoint 4
Peak level Last follow-up
Pre-Treatment treatment

Figure 3 ALT and CPT of Cirrhotic patients. A: ALT of Cirrhotic patients; B: CPT

14
12
10
8
6
4

of Cirrhotic patients.

Death
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of 4 (range: 4-8 wk).
CPT score analysis showed a similar trend in this group
(Figure 3B). The CPT score at timepoint 2 showed significant
improvement compared to timepoint 1 (Wilcoxon Signed
Rank, P = 0.016) but deteriorated with the emergence of
resistance at timepoint 3 (Wilcoxon Signed Rank, P = 0.041).
No statistical significance was detected between CPT Score
at timepoint 1 and timepoint 3 as well as between timepoints
1 and 4, with follow-up median duration of 64 wk after
resistance (range 34-102). Three patients died from liver
decompensation at 42, 78, and 96 wk, respectively after
resistance developed, two of whom had the poorest
pretreatment CPT score. None of the patients achieved
HBeAg seroconversion although 40% (4 out of 10) were
eAg negative Hepatitis B cirrhotics to begin with.
Factors that determine clinical severity of lamivudine-resistant
mutants
At univariate analysis, only the baseline ALT in non-cirrhotics
and the baseline CPT score in cirrhotics were predictive of
phenotypic resistance (P = 0.018 and P = 0.038, respectively,
Table 2).
Multivariate analysis was then performed with these two
parameters. Using logistic regression analysis, the baseline
ALT was shown to be significantly predictive of phenotypic
resistance (OR 9.6, 95%CI 1.2-4.0, P = 0.03). The peak
ALT level post resistance also correlated with the baseline
ALT. (Spearman’s ρ = 0.441, P = 0.027).
Similarly for CPT score, regression analysis showed
baseline CPT score to be predictive of phenotypic resistance
in terms of deterioration in CPT score after resistance
(P = 0.022). Every additional CPT score at baseline predicts
an additional 1.19 CPT score after resistance (B = 1.19, 95%
CI: 0.235-2.15). Expectedly, peak CPT score after resistance
showed strong correlation with baseline CPT score
(Spearman’s ρ = 0.785, P = 0.007).
Interestingly, neither the pretreatment nor the peak HBV
DNA post-resistance were shown to be predictive of
phenotypic resistance although the peak HBV DNA level
post-resistance was noted to correlate with the pretreatment
HBV DNA level (Spearman’s ρ = 0.414, P = 0.013).

DISCUSSION
The most important finding of our study was that the course
of lamivudine-resistant hepatitis B was generally benign
except in cirrhotics. In Group IA (patients with normal
baseline ALT), despite the emergence of lamivudine
resistance, most (10 of 13, 77%) of the patients maintained
normal ALT up to median follow-up of 96 wk. In addition,
all three patients in Group IA who developed elevated ALT
subsequently normalized their ALT level on follow-up. In
Group IB (patients with persistently elevated baseline ALT),
lamivudine normalized ALT during therapy, but upon
development of resistance, ALT increased in 75% of
patients. However, only 4/12 (33%) of patients continued
to have persistently elevated ALT on follow-up. Finally, in
Group II (patients with decompensated cirrhosis), there was
normalization of ALT levels and reduction in CPT scores
during lamivudine therapy, but both parameters increased

July 28, 2005

Volume 11

Number 28

to baseline levels once lamivudine resistance occurred.
Thus the clinical picture of lamivudine-resistant hepatitis
B virus demonstrates a spectrum of disease from normal
ALT to hepatitis B flares and liver decompensation. Our findings
suggest that at the peak of abnormality, the clinical picture
correlates most closely with baseline clinical characteristics
of the patient. On subsequent follow-up however, the course
was relatively benign except for cirrhotics.
The inclusion of patients with normal baseline ALT
(Group 1A) provided an invaluable group of patients for
studying the pathogenic effects of lamivudine-resistant
Hepatitis B virus. This group of patients were treated with
lamivudine only because they were part of the Asian
Lamivudine Multicenter Trial. Yet on developing lamivudine
resistance, most of them retained normal ALT in their follow
up. Even in the few who had transient abnormal ALT, these
universally resolved in contrast to those with abnormal
baseline ALT or liver function. This suggests that lamivudineresistant virus may not be more pathogenic than the wildtype
virus. Although further study with larger number of patients
is needed to confirm this, such study would be difficult to
perform as clinical guidelines from America, Europe and
Asia did not recommend lamivudine treatment for patients
with normal baseline ALT levels[20-22].
Our findings also fit the known biology of HBV. Clinical
disease in chronic Hepatitis B is a complex interplay between
the virus and the immune system. Mutations in the YMDD
motif confer resistance to lamivudine and allow high viral
replication to resume. On the other hand, it is the mutations
in the core region that have been most closely associated
with increased immune responses to the virus[23].
Our study complements that of Yuen, who concluded
that the majority of patients with lamivudine-resistant
hepatitis B flares recovered except some with cirrhosis[24].
In our patients with abnormal baseline ALT, although 75%
had elevation of ALT at any time, only 33% had persistently
elevated ALT on prolonged follow-up suggesting that the
final clinical outcome in those without cirrhosis generally
shows a benign course. Similarly, Lok[25] also concluded that
lamivudine-resistance led to good outcomes in non-cirrhotics,
but this cannot be extrapolated to cirrhotics. Cirrhotic
patients, having poorer liver reserve, are less able to tolerate
the further necroinflammation that may resume with the
return of viral replication in those phenotypically susceptible.
Our cohort of cirrhotic patients (Group II) developed
decompensation following lamivudine resistance, resulting
in death in 30% of patients. These findings concur with the
results of NUCB 4006 (CALM study)[26]. In this landmark
study, lamivudine therapy in cirrhotic patients proved to
provide significant benefit in terms of reduced progression
of liver disease and reduction in hepatocellular carcinoma.
Patients who developed lamivudine-resistant mutations
showed a reduction in this endpoint efficacy, as we have
shown, developing progression of their liver disease.
Nevertheless, they still had less clinical endpoints than
patients on placebo. Unlike the CALM study which enrolled
patients with early and non-decompensated cirrhosis, most
of the cirrhotic patients in our study had decompensated
liver disease and had poor outcomes when lamivudine
resistance developed.
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We acknowledge the following limitations of our study.
Firstly, we did not have histological confirmation of
progression of liver disease. However, abnormal ALT has
been accepted as a good surrogate marker for necroinflammation of the liver[27]. In addition, an increase in CPT
score clearly signifies progressive liver damage and deterioration.
Consequently, we feel that the lack of histological data does
not detract from the findings of this study. Although our
sample size was relatively small, the spectrum of patients
included in our study is typical of those seen in a normal
hepatology practice or hospital, rather than the pre-selected
patients included in clinical trials. In addition, the findings
in general are also observed in larger clinical studies. Our study
also includes patients with normal ALT and decompensated
cirrhosis, which have not been previously described. The
duration of follow-up in our series was 102 wk, longer than
in most other published studies[8,12,24].
We believe the results of our study could have two
therapeutic implications. Firstly, the clinical severity of
lamivudine-resistant HBV resembled the baseline phenotype,
although on follow-up, the vast majority of the increased
ALT normalized. Recent updated American guidelines for
Hepatitis B recommends options of continuing or stopping
lamivudine or converting to other antiviral drug when
lamivudine resistance develops, depending on the patient’s
clinical state, ALT and HBV DNA levels[20]. Our study
suggests that baseline activity can be used as predictive factor
in identifying patients who are likely to resume active disease
and who thus, should be monitored more closely. Secondly,
in patients with poor liver reserve at baseline who developed
lamivudine resistance, additional rescue therapy such as
adefovir dipivoxil should be instituted early, before clinical
deterioration occurred.
In conclusion, the clinical phenotype of patients with
genotype resistance to lamivudine resembled the baseline
clinical phenotype, suggesting loss of virus suppression and
return to the pre-treatment state. Patients with high baseline
ALT level or CPT score tended to return to a high ALT
level or CPT score once lamivudine resistance occurred.
With time, there was normalization of raised ALT levels in
those with non-cirrhotic lamivudine resistance. Consequently,
in treatment of hepatitis B, lamivudine therapy need not be
stopped prematurely for fear of developing more pathogenic
lamivudine-resistant strains. However, patients with cirrhosis,
particularly decompensated cirrhosis, need to be monitored
closely and adefovir dipivoxil started expediently when
resistance occurs.
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Abstract
AIM: To investigate the possible mechanism for HBV X
gene to induce apoptosis of hepatocyte HL-7702 cells.
METHODS: HBV X gene eukaryon expression vector
pcDNA3-X was established and transfected into HL-7702
cells by lipid-mediated transfection, including transient
and stable transfection. Positive clones were screened
by incubating in the selective medium with 600 µg/mL
G418 and named HL-7702/HBV-encoded X protein (HBx)
cells. The expressions of Fas/FasL, Bax/Bcl-2, and c-myc
mRNA were measured by semi-quantitative RT-PCR in
HL-7702/HBx and control group, respectively.
RESULTS: RT-PCR analysis confirmed that HBV X gene
was transfected into HL-7702 cells successfully. By semiquantitative RT-PCR analysis, Bax and c-myc mRNA levels
in HL-7702/HBx cells of transient transfection were
significantly higher than those in control, FasL and c-myc
mRNA levels in HL-7702/HBx cells of stable transfection
were significantly higher than those in control, whereas
the Bcl-2 mRNA levels in HL-7702/HBx cells of transient
and stable transfection were significantly lower than those
in control.
CONCLUSION: HBV X gene may promote the apoptosis
of hepatocytes by regulating the expressions of Fas/FasL,
Bax/Bcl-2, and c-myc gene in a dose-dependent manner.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
HBV X gene is the smallest open reading frame of HBV,
codes for a 16.5-ku protein (X protein, HBx) consisted of
154 amino acids. Previous studies showed that HBV X
gene and HBx modulate apoptosis of hepatocytes and
play an important role in HBV-associated liver disease[1].
HBV X gene could inhibit apoptosis of hepatocytes
in several ways and contribute to the generation of
hepatocellular carcinoma (HCC). It was reported that
HBx displays a pro-apoptotic function and induces
apoptosis of liver cells [2-5]. But the relationship between
this function of HBx and HBV-associated liver disease
remains obscure. So far no molecular mechanism or target
for HBx-mediated apoptosis has been clearly elucidated.
In this study, we transfected X gene into hepatocyte line
HL-7702 by transient and stable transfection. Thus, cell
lines that expressed different levels of HBx were established.
To explore the possible mechanism for HBx to modulate
apoptosis, we investigated the effect of HBx on expressions
of apoptosis-associated genes in hepatocytes. The expressions
of Fas/FasL, Bax/Bcl-2, and c-myc mRNA were measured
by semi-quantitative RT-PCR in HL-7702/HBx and control
group, respectively.
MA
TERIALS AND METHODS
MATERIALS
Materials
PcDNA3 expression vector and HBV X gene eukaryon
expression vector pcDNA3-X were previously constructed
and stored[6]. The normal hepatic cell line HL-7702 was
provided by Cell Bank of Chinese Academy of Sciences.
Reverse transcription system, DNA purification system,
G418, and TransFastTM transfection reagent were obtained
from Promega Biotech. Total RNA isolation kit was
purchased from Jingmei Biotech Company. PCR primers
were synthesized by Shanghai Biotechnology Company.
RPMI-1640 was bought from Gibco BRL Company.
Transfection and expression of HBV X gene in HL-7702
Cell culture and DNA transfection HL-7702 cells were
cultured in RPMI-1640 supplemented with 20% FBS. The
cells in logarithmic growth were separately transfected with
pcDNA3-X and pcDNA3 plasmids using lipid-mediated
transfection technique according to the protocol for
transient or stable transfection of adherent cells. About
2 mL transfection mixture containing 5 µg plasmid DNA,
15 µL TransFast TM reagent and RPMI-1640 was added
to a 25-mm2 culture plate. At 48 h post-transfection, all
cells were trypsinized. Cells for transient transfection were
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transferred to a 25-mm 2 culture plate and cultured in
RPMI-1640 supplemented with 20% FBS for 72 h.
Cells used for stable transfection were cultured in the
selective medium with 600 µg/mL G418 for 2 wk. Then,
drug-resistant individual clones were isolated and transferred
to a 96-well plate for further amplification in the presence
of selective medium. Cells that transiently transfected with
pcDNA3-X and pcDNA3 were named as HL-7702/HBxT
and HL-7702/pcDNA3 T, respectively. Cells that stably
transfected with pcDNA3-X and pcDNA3 were named as
HL-7702/HBx S and HL-7702/pcDNA3 S, respectively.
HL-7702 was used as control.
Determination of X gene expression by RT-PCR
analysis Total RNA was extracted separately from the
cells of each group with a RNA isolation kit, and RT-PCR
was carried out. β-Actin served as an internal control, 2 µL
of RT product was used as template, X gene and β-actin
were amplified together. The sequence of β-actin primers
was 5-’GGCATCGTGATGGACTCCG-3’ and 5’GCTGGAAGGTGGACAGCGA-3’. The sequence of X
gene primers was: 5’-ATGCAAGCTTATGGCTGCTAGGCTGTACTG-3’ and 5’-TGCGAATTCTTAGGCAGAGGTGAAAAAGTTG-3’. The expected amplification
fragment length of β-actin and X gene was 607 and 467 bp,
respectively. PCR was carried out as follows: pre-denaturation
for 5 min, 32 amplification cycles (denaturation at
at 95
for 35 s, annealing at 65 for 35 s, and extension at
94
for 1 min), and a final extension at 72
for 7 min.
72
Effect of HBV X gene on apoptosis-associated gene mRNA
expression in hepatocytes by transient and stable transfection
RT-PCR for Fas/FasL, Bax/Bcl-2, and c-myc Total RNA
was extracted from HL-7702/HBx, HL-7702/PcDNA3,
and HL-7702 according to the RNA isolation kit instructions.
The content and purity of total RNA were determined by
spectrophotography. RNA (260/280 was between 1.8 and
2.0) was further used for reverse transcription reaction,
which was carried out according to the reverse transcription
kit instructions. Two microgrammes of total RNA was used
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in each reverse transcription reaction and the final volume
was 20 µL. Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as an internal control and amplified
together with target genes. PCR was performed in 50 µL
reaction volume containing 5 µL 10×PCR buffer, 5 µL
2 mmol/L MgCl2, 1 µL 10 mmol/L dNTP, 1 µL 20 pmol/µL
target gene sense and anti-sense primers, 0.4 µL 12.5 pmol/µL
GAPDH primer pair, 2 µL RT product, 1.5 U Taq DNA
polymerase. The specific sets of primers and the target gene
amplification conditions are shown in Table 1. All initial
denaturations were at 94 for 5 min. Finally an additional
for 7 min was done.
extension step at 72
Result determination The PCR products were electrophoresed on 2% agarose gel and visualized by ethidium
bromide staining. Bioimaging system was used to detect
the densities of bands of the PCR products. The ratio of
target gene density to GAPDH density was respectively
used to represent the relative expression level of Fas/FasL,
Bax/Bcl-2, and c-myc mRNA. The semi-quantitative
detection was analyzed five times.
Statistical analysis
All data were expressed as mean±SE. The significance for
the difference between the groups was assessed with SPSS
10.0 by one-way ANOVA. P<0.05 was considered
statistically significant.

RESUL
TS
RESULTS
Expression of HBV X gene mRNA in HL-7702 cells
HBV X gene mRNA was detected in HL-7702/HBxT and
HL-7702/HBxS cells by RT-PCR. The expected band was
found between 400 and 500 bp in both kinds of transfected
cells (Figure 1). The relative level of HBV X gene mRNA
in HL-7702/HBxT was higher than that in HL-7702/HBxS
by about 2.5-folds (0.815±0.013 vs 0.308±0.021), indicating
that HBV X gene mRNA could be expressed in HL-7702
after transient or stable transfection, and cell lines that
expressed different levels of HBx were established.

Table 1 Primer sequences for PCR and amplification conditions for each target gene
Primer
Fas

Sequence

Amplification conditions

5’-TCAGTACGGAGTTGGGGAAG-3’

Denaturation at 94

5’-CAGGCCTTCCAAGTTCTGAG-3’

annealing at 63
at 72

FasL

annealing at 58

5’-TTTGCTTCAGGGTTTCATCC-3’

Denaturation at 94

5’-CAGTTGAAGTTGCCGTCAGA-3’

annealing at 58

5’-CGACGACTTCTCCCGCCGCTACCGC-3’

Denaturation at 94

5’-CCGCATGCTGGGGCCGTACAGTTCC-3’

annealing at 67

5’-TTCGGGTAGTGGAAAACCAG-3’

Denaturation at 94

5’-CAGCAGCTCGAATTTCTTCC-3’

annealing at 58

5’-ACCACAGTCCATGCCATCAC-3’

Changed according to different target genes

at 72
GAPDH

for 45 s,

5’-TGGAAAGAATCCCAAAGTGC-3’

at 72
c-myc

for 1 min for 35 cycles

Denaturation at 94

at 72
Bcl-2

5’-TCCACCACCCTGTTGCTGTA-3’

207

for 30 s and synthesizing

5’-GATGATGGAGGGGAAGATGA-3

at 72
Bax

for 45 s,

Product
(base)

203

for 30 s and synthesizing

for 1 min for 30 cycles
for 45 s,

246

for 30 s and synthesizing

for 1 min for 30 cycles
for 45 s,

318

for 30 s and synthesizing

for 1 min for 30 cycles
for 45 s,

203

for 30 s and synthesizing

for 1 min for 28 cycles
452
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Figure 1 RT-PCR analysis of HBV X gene mRNA expression in HL-7702. M:
100-bp DNA ladder; lane 1: HL-7702T; lane 2: HL-7702/pcDNA3T; lane 3: HL7702/HBxT; lane 4: HL-7702/HBxS; lane 5: HL-7702/pcDNA3S; lane 6: HL-7702S.

Effects of HBV X gene on apoptosis-associated genes mRNA
expression in HL-7702 by transient transfection
Fas/FasL mRNA As shown in Figures 2A, B, and 3A,
both Fas mRNA and FasL mRNA were expressed in
HL-7702 of each group. Both of their expression levels
had no significant differences among the three groups,
indicating that HBx had no effect on Fas and FasL expression
in normal hepatocytes though it was expressed at a relatively
high level after transient transfection.
Bcl-2/Bax mRNA Both Bax and Bcl-2 mRNA were
expressed in HL-7702 after transient transfection (Figures 2C,
D, and 3B). As it could be seen from Figures 2C, 3B, and
C, the expression level of Bax mRNA in HL-7702/HBxT
was higher than that in HL-7702 or in HL-7702/pcDNA3T
(0.614±0.014 vs 0.536±0.009 or 0.494±0.015, P<0.01).
The expression level of Bcl-2 mRNA in HL-7702/HBxT
was lower than that in HL-7702 or in HL-7702/pcDNA3T
(0.811±0.010 vs 1.243±0.033, P<0.01) (0.811±0.010 vs

A
0.40
0.35
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0.25
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0.15
0.10
0.05
0.00

Relative expression levels of Fas mRNA

B

4353

0.901±0.014, P<0.05). There was also a significant
difference in Bcl-2 mRNA expression level between the
two control groups (0.901±0.014 vs 1.243±0.033, P<0.01;
Figures 2D, 3B, and D). The data indicated that HBx could
induce the pro-apoptotic factor Bax expression in normal
hepatocytes and inhibit the anti-apoptotic factor Bcl-2
expression.
c-myc mRNA c-myc mRNA was expressed in both
HL-7702 and HL-7702/pcDNA3, and there was no
significant difference between them. The expression level
of c-myc mRNA was significantly higher in HL-7702/HBxT,
suggesting that HBx was able to promote the c-myc expression
in normal hepatocytes (0.719±0.020 vs 0.569±0.026,
P<0.01, 0.719±0.020 vs 0.630±0.012, P<0.05; Figures 2E
and 3C).
Effects of HBV X gene on apoptosis-associated gene mRNA
expression in HL-7702 by stable transfection
Fas/FasL mRNA The expression levels of Fas mRNA
had no significant difference among the three groups
(Figures 4A and 5A). There was no significant difference in
FasL mRNA expression between HL-7702 and HBV X
gene expressing stable cell line HL-7702/HBx S. The
expression of FasL in HL-7702/HBxS was significantly
higher than that in HL-7702/pcDNA3S (0.261±0.043 vs
0.217±0.012, P<0.01), suggesting that HBx at a low level
could improve the FasL expression, which was different
from the effect of HBx at a relatively higher level as shown
in the former part (Figures 4B, 5A, and B).
Bax/Bcl-2 mRNA HBV X gene stably expressed in
HL-7702/HBxS seemed to have no effect on Bax mRNA
expression (Figures 4C, 5B, and C). The expression level
of Bcl-2 mRNA had no significant difference between the
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Figure 2 Relative expression levels of apoptosis-associated gene mRNA in
HL-7702 of different transiently transfected groups assessed by RT-PCR. A:
Relative Fas mRNA expression levels; B: relative FasL mRNA expression
levels; C: relative Bax mRNA expression levels; D: relative Bcl-2 mRNA
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expression levels; E: relative c-myc mRNA expression levels. a P<0.05 vs
HL-7702/HBx T, bP<0.01 vs HL-7702/HBx T, dP<0.01 vs HL-7702, f P<0.01 vs
HL-7702/pcDNA3T, P>0.05 between random two groups.
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Figure 3 RT-PCR results of apoptosis-associated gene mRNA expression in
HL-7702 of different transiently transfected groups. A: RT-PCR results of Fas/
FasL mRNA expression; B: RT-PCR results of Bax/Bcl-2 mRNA expression;

C: RT-PCR results of c-myc mRNA expression; M: 100-bp DNA ladder; lane
1: HL-7702; lane 2: HL-7702/pcDNA3T; lane 3: HL-7702/HBxT; a: Fas; b: FasL;
c: Bax; d: Bcl-2; e: c-myc.

two control groups, HL-7702 and HL-7702/pcDNA3S, but it
was lower in HL-7702/HBxS (0.300±0.028 vs 0.498±0.035,
P<0.01; 0.300±0.028 vs 0.420±0.032, P<0.05; Figures 4D,
5B, and D), suggesting that HBx could downregulate Bcl-2
expression in normal hepatocytes.
c-myc mRNA Similar to the effect of HBV X gene transient
transfection, c-myc was expressed in both HL-7702 and
HL-7702/pcDNA3S, and there was no significant difference
between them. The expression level of c-myc mRNA was
significantly higher in HL-7702/HBxS, suggesting that even
a low level of HBx was able to upregulate the c-myc expression
in normal hepatocytes (0.603±0.035 vs 0.449±0.023 or
0.461±0.022, P<0.01; Figures 4E and 5C).

deaths annually. HBx is a multifunctional protein that is
implicated in the pathogenesis of HBV-associated liver
disease by regulating gene transcription, causing cell
proliferation, suppressing DNA repair and inducing cell
death [7] . The role of HBx in carcinogenesis and its
transactivation function have been well documented[8]. The
role of HBx in liver cell proliferation and apoptosis is still
controversial. A number of studies have revealed that HBx
exert dual activity on cell apoptosis[9,10].
On the one hand, HBx has an anti-apoptosis function in
different ways and plays an important role in the development
of HCC. HBx can activate and upregulate transcription
factor NF-κB[11]. It induces Fas-ligand in human hepatoma
cells, which contributed to the apoptosis of T cells, thus the
hepatoma cells might escape from immune surveillance[12].
There is evidence that HBx blocks apoptosis via downregulating
expression of Bid in human hepatocellular carcinoma[13].
The distal C-terminal domain of HBx, independent of its

DISCUSSION
HBV infection is a major cause of chronic hepatitis, cirrhosis,
and hepatocellular carcinoma and accounts for one million
A

B
Relative expression levels of Fas mRNA

0.6

C
Relative expression levels of FasL mRNA

0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

0.4

0.2

0.0
HL-7702

HL-7702/pcDNA3S

b

0.4

0.2

0.0

HL-7702/HBxS

HL-7702

HL-7702/pcDNA3S

D
0.6

Relative expression levels of Bax mRNA

0.6

HL-7702/HBxS

HL-7702

HL-7702/pcDNA3S HL-7702/HBxS

E
Relative expression levels of Bcl-2 mRNA

0.8

d

a

0.4

Relative expression levels of c-myc mRNA

0.6

b

d

0.4
0.2

0.2

0.0

0.0
HL-7702

HL-7702/pcDNA3S

HL-7702/HBxS

Figure 4 Relative expression levels of apoptosis-associated gene mRNA in
HL-7702 of different stably transfected groups assessed by RT-PCR. A:
Relative Fas mRNA expression levels; B: relative FasL mRNA expression
levels; C: relative Bax mRNA expression levels; D: relative Bcl-2 mRNA
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expression levels; E: relative c-myc mRNA expression levels. a P<0.05 vs
HL-7702/HBx S ; bP<0.01 vs HL-7702/HBx S , d P<0.01 vs HL-7702, P>0.05
between random two groups.
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Figure 5 RT-PCR results of apoptosis-associated gene mRNA expression in
HL-7702 of different stably transfected groups. A: RT-PCR results of Fas/FasL
mRNA expression; B: RT-PCR results of Bax/Bcl-2 mRNA expression; C:

RT-PCR results of c-myc mRNA expression; M: 100-bp DNA ladder; lane 1:
HL-7702; lane 2: HL-7702/pcDNA3S; lane 3: HL-7702/HBxS; a: Fas; b: FasL; c:
Bax; d: Bcl-2; e: c-myc.

transactivation activity, is complexed with p53 in the
cytoplasm and partially prevents its nuclear entry and
ability to induce apoptosis[14]. On the other hand, HBx
induces or sensitizes cells to apoptotic killing by pro-apoptotic
stimuli[2-5]. The possible mechanisms may include upregulating
the expression of Fas and Fas-ligand in hepatocytes[15,16],
inducing cell death by causing loss of mitochondrial
membrane potential and mitochondrial aggregation at the
nuclear periphery [17,18], antagonizing the anti-apoptosis
function of the normal level of p53[19], abrogating the
apoptosis-inhibitory function of c-FLIP and enhancing the
death-inducing signal[20], inducing TNF-α expression and
sensitizing liver cells to TNF-α-mediated apoptosis even
below the threshold concentration [20-22], affecting the
apoptosis control function of Bcl-2 family members by
interaction with mitochondria[23]. The above data suggest
that the possible mechanism for HBx to regulate cell
apoptosis is a “network” implicated with multiple factors
and various pathways, and the exact mechanism remains
obscure.
Fas and FasL are regarded as the most important factors
that switch on the Fas/FasL-mediated apoptosis. The Bcl-2
family proteins play an important role in modulating cell
survival and apoptosis. Bcl-2 and Bax act as an anti-apoptotic
factor and a pro-apoptotic factor respectively. The proportion
of apoptosis-inducing forces and apoptosis-inhibiting forces
determines the cells’ response to death-inducing signals and
their final fate[24-26]. C-myc, usually acting as a proto-oncogene
and exerting a dual activity on cell proliferation and apoptosis,
is also involved in apoptosis regulation. We have previously
demonstrated that the apoptosis rate in HBx-expressing cells
by transient or stable transfection is much higher than that
in control groups, suggesting that there is a quantity-effect
relationship between HBx expression and apoptosis rate,
and that HBx can induce apoptosis in normal hepatocytes,
during which the expression level of HBV X gene may
play a vital role. This study aimed to investigate the
possible mechanism for HBV X gene to induce apoptosis
of hepatocytes. Thereby, we established cell models that
expressed different levels of HBV X gene by transfecting
HBV X gene into HL-7702 through transient and stable
transfection, and studied the effect of HBx on the mRNA
expression of apoptosis-associated genes.
We found that HBx at a relatively higher level could
induce the pro-apoptotic factor Bax expression in normal

hepatocytes and inhibit the anti-apoptotic factor Bcl-2
expression, though it had no effect on Fas and FasL
expression. However, HBx at a low level could improve
FasL expression, while it had no effect on Bax. The data
show that HBx may induce the apoptosis of HL-7702 by
reinforcing the death signal of Fas-FasL pathway and
increasing the proportion of pro-apoptotic forces and
anti-apoptotic forces in Bcl-2 family members. The dose
of HBx may decide which is the chief pathway. The c-myc
expression in HL-7702 significantly increased after transient
or stable transfection with X gene expression vector, which
is consistent with previous reports[9,27]. C-myc protein could
sensitize cells to apoptotic killing in certain conditions, such
as during exposure to TNF-α or other factors[28-30]. Thus,
c-myc may also act as an important medium in HBx-mediated
apoptosis. Su et al.[30], found that the combination of HBx
and c-myc increases the sensitivity of WT 3T3 cells to
TNF-α killing by about 10-fold. They also demonstrated
that cell killing by HBx plus TNF-α is suppressed by
activation of NF-κB, but can be overridden by a high level
of c-myc protein.
Our results show that different levels of HBV X gene
expression have different effects on apoptosis-associated
gene expression. Wang et al. [31] , studied the effects of
regulatory endoplasmic HBx expression on hepatic cell
apoptosis and found that low HBx expression cannot induce
apoptosis. Thereby, the effect of HBx on apoptosis may
be dose dependent. We hypothesize that there may be a
threshold concentration for HBx to induce apoptosis, only
that beyond the threshold can exert a pro-apoptosis function.
Further studies are needed to confirm it.
In conclusion, HBx may induce apoptosis in part via
regulating the expression of apoptosis-associated genes. HBV
X gene expression may play a vital role, although the
underlying mechanism may be complicated and crisscrossing.
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of co-stimulatory marker CD86 (B7.2) and the infiltration
of CD56 (+) natural killer (NK) cells can be useful markers
to predict H pylori-dependent status of high-grade gastric
MALT lymphoma.
METHODS: Lymphoma biopsies from 26 patients who had
participated in a prospective study of H pylori-eradication
for stage IE high-grade gastric MALT lymphomas were
evaluated. Tumors that resolved to Wotherspoon grade
II or less after H pylori eradication were classified as H pyloridependent; others were classified as H pylori-independent.
The infiltration of NK cells and the expression of CD86 in
pre-treatment paraffin-embedded lymphoma tissues were
determined by immunohistochemistry.
RESULTS: There were 16 H pylori-dependent and 10
H pylori-independent cases. CD86 expression was
detected in 11 (68.8%) of 16 H pylori-dependent cases
but in none of 10 H pylori-independent cases (P = 0.001).
H pylori-dependent high-grade gastric MALT lymphomas
contained significantly higher numbers of CD56 (+) NK
cells than H pylori-independent cases (2.8±1.4% vs
1.1±0.8%; P = 0.003). CD86 positive MALT lymphomas
also showed significantly increased infiltration of CD56 (+)
NK cells compared to CD86-negative cases (2.9±1.1% vs
1.4±1.3%; P = 0.005).
CONCLUSION: These results suggest that the expression
of co-stimulatory marker CD86 and the increased infiltration
of NK cells are associated with H pylori-dependent state
of early-stage high-grade gastric MALT lymphomas.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: A high percentage of early-stage high-grade gastric
mucosa-associated lymphoid tissue (MALT) lymphomas
remain Helicobacter pylori (H pylori)-dependent. However,
unlike their low-grade counterparts, high-grade gastric
MALT lymphomas may progress rapidly if unresponsive to
H pylori eradication. It is mandatory to identify markers
that may predict the H pylori-dependent status of these
tumors. Proliferation of MALT lymphoma cells depends
on cognate help and cell-to-cell contact of H pylori-specific
intratumoral T-cells. To examine whether the expression
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INTRODUCTION
Extranodal marginal zone B-cell lymphoma of mucosa-
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associated lymphoid tissue (MALT) of the stomach is the
most common extranodal lymphoma of humans. Although
not completely acknowledged by all experts, gastric MALT
lymphoma is often classified into high-grade and low-grade
subtypes by histological criteria[1-3]. Low-grade gastric MALT
lymphoma is characterized by its close association with
Helicobacter pylori (H pylori) infection; and eradication of H pylori
by antibiotics, cures 70% of these tumors[4-6]. However, highgrade gastric MALT lymphomas, in contrast to their low-grade
counterparts, are believed to consist of highly-transformed
cells, the growth of which is independent of H pylori[7-9].
Recently, several groups of investigators have demonstrated
that a substantial portion of early-stage high-grade gastric
MALT lymphomas remains H pylori-dependent, and can be
cured by H pylori eradication[10-12]. However, high-grade gastric
MALT lymphoma, unlike its low-grade counterpart, may
progress rapidly if unresponsive to H pylori eradication
therapy. Molecular markers such as chromosomal aberration
t(11;18), which is highly predictive of H pylori-independent
status of low-grade gastric MALT lymphoma, are rarely
found in the high-grade counterpart[13]. It is mandatory to
identify cellular or molecular markers which can help predict
the H pylori-dependent status of newly diagnosed patients.
In the early process of MALT lymphomagenesis, the
proliferation response depends at least partly on the stimulation
of H pylori-specific intratumoral T-cells[14]. In vitro experiments
have demonstrated that the growth and differentiation of
MALT lymphoma cells requires CD40-mediated signaling
and T helper-2 (Th-2)-type cytokines[15,16]. The dependence
on T-cells for the growth of malignant B-cell clones may
explain the tendency of early-stage low-grade MALT
lymphomas to remain localized and to regress after H pylori
eradication. Expression of co-stimulatory molecules, including
CD80 (B7.1), CD86 (B7.2), and their ligands, has been
demonstrated in gastric MALT lymphoma cells [17]. The
presence of the co-stimulatory marker CD86 (B7.2) on
lymphoma cells may promote T-cell-mediated neoplastic B
cell proliferation. We hypothesized that a loss of costimulatory markers might preclude tumor cell/reactive Tcell interaction and thereby contribute to the transition from
a H pylori-dependent to a H pylori-independent state in highgrade gastric MALT lymphoma.
CD56 (+) natural killer (NK) cells are important components
of the innate immune system, and have the ability to modulate
both humoral- and cell-mediated immune responses[18,19]. H pylori
can stimulate T-cells and thereby enhance the production of
Th-2 cytokines, which can promote the proliferation of CD56
(+) NK cells in gastric MALT lymphomas[20,21]. Although
low-grade gastric MALT lymphomas contain significantly
higher numbers of CD56 (+) NK cells than high-grade gastric
MALT lymphomas[21], the presence of CD56 (+) NK cells
in high-grade gastric MALT lymphomas indicate that the
promotion of these lymphoma cells triggered by H pylorispecific intratumoral T-cells and Th-2 type cytokines may
still be present in vivo. Therefore, these CD56 (+) NK cells
may limit the autonomous growth of MALT lymphoma
cells, and may contribute to the remission of high-grade
MALT lymphomas after the eradication of H pylori.
This study, was conducted to examine the expression
of CD86 and the infiltration of CD56 (+) NK cells in 16
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H pylori-dependent and 10 H pylori-independent high-grade
gastric MALT lymphomas.

MA
TERIALS AND METHODS
MATERIALS
Patients, treatment, and evaluation of the tumors
Twenty-six patients who had participated in a prospective
study of H pylori eradication for stage IE high-grade gastric
MALT lymphomas at our institutions from June 1995 to
June 2003 were included in this study. The clinicopathologic
features of the 22 patients have been previously reported[13].
Although high-grade MALT lymphomas are classified as
diffuse large B-cell lymphomas (with areas of marginal zone/
MALT-type lymphoma) in the REAL/WHO classification[2],
and a consensus on the use of the term “ high-grade MALT
lymphoma” has not been achieved, many experts consider
it as a useful and reasonable clinicopathologic entity[1,3,10,21].
In this study, the diagnosis of high-grade gastric MALT
lymphoma was made using the histologic criteria as described
by Chan et al.[1], and de Jong et al.[3], based on the presence
of a diffuse increase of large cells resembling centroblasts
or lymphoblasts to between 1% and 10% of the total tumor
cells within predominantly low-grade centrocyte-like cell
infiltrate, or the predominance of a high-grade lymphoma
with only a small residue, low-grade foci and/or the presence
of lymphoepithelial lesions. Specimens with occasional
clusters of transformed blast cells or sheets of transformed
blast cells (upto 20 cells not forming larger sheets) confined
within the colonized follicles were found within a low-grade
lymphoma, they were considered as an immune response
to H pylori stimulation rather than high-grade MALT
lymphoma. Patients with primary pure large cell lymphoma,
without evidence of a low-grade component of the stomach
were excluded from this study. All specimens were immuohistochemically stained by CD20, CD79a, CD3, and CD45RO
for routine diagnostic purposes and to highlight lymphoepithelial
lesions. Moreover, to exclude misinterpretation of reactive,
benign germinal centers as transformed foci, CD21 (follicular
dendritic cells markers) and BCL-2 (highly suggestive of a
neoplastic origin of the blast cells) were included in all cases.
The histopathologic characteristics of all tumor specimens were
independently reviewed by two expert hematopathologists.
Staging was based on Musshoff’s modification of the Ann
Arbor staging system[22]. Staging procedures included physical
examination, routine laboratory tests, inspection of Waldeyer’s
ring, chest radiography, chest and abdominal CT scan, bone
marrow aspiration, and trephine biopsy. Diagnosis of H pylori
infection was based on histologic examination, biopsy urease
test, or bacterial culture. When at least one test was positive,
the cases were considered as H pylori infected. All patients
consented to a brief trial of H pylori eradication therapy.
At the beginning of the study period in June 1995, the
eradication regimen consisted of amoxicillin 500 mg and
metronidazole 250 mg q.i.d., with either bismuth subcitrate
120 mg q.i.d. or omeprazole 20 mg b.i.d., for 4 wk. The
regimen was changed to amoxicillin 500 mg q.i.d.,
clarithromycin 500 mg b.i.d., plus omeprazole 20 mg b.i.d.
for 2 wk beginning in March 1996. Patients were scheduled
to undergo a first follow-up upper gastrointestinal endoscopic
examination 4-6 wk after completion of antimicrobial
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therapy, and follow-up was then repeated every 6-12 wk
until histologic evidence of remission was found. At each
follow-up examination, four to six biopsy specimens were
taken from the antrum and body of the stomach for a
H pylori infection evaluation, and a minimum of six biopsy
specimens were taken from each of the tumors and suspicious
areas for histologic evaluation. Tumors that resolved to
Wotherspoon grade II or less were considered as histological
complete remission[4]. Tumors showing both histological and
endoscopic complete remission were considered H pyloridependent. Tumors showing stable or progressive disease
on follow-up endoscopic examination and persistent or
increasing proportion of large cells on microscopic examination
were considered H pylori-independent.
Immunohistochemistry
Formalin-fixed paraffin embedded sections cut at a thickness
of 4 µm were deparaffinized and rehydrated through xylene
and a graded descending series of alcohol. After antigen
retrieval by heat treatment in 0.1 mol/L citrate buffer at
pH 6.0, endogenous peroxidase activity was blocked by 3%
H 2O 2. Briefly, slides were incubated for 30 min in 2.5%
normal donkey serum or goat serum. The slides were then
incubated overnight at 4
either with goat polyclonal
anti-CD86 antibody (1:50; AF-141-NA; R&D Systems,
Abingdon, UK) or mouse monoclonal anti-CD56 antibody
(1:100; NCL-CD56-1B6, Novacastra), and incubated with
secondary antibodies (CD86, donkey antigoat immunoglobulin; CD56, goat antimouse immunoglobulin; Santa
Cruz Biotechnology, Santa Cruz, CA, USA), following the
manufacturer’s instructions. Finally, antibody binding was
detected with the avidin–biotin–peroxidase method. Reaction
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products were developed using 3’, 5’-diaminobenzidine (Dako)
as a substrate for peroxidase. Sections were counterstained
with Mayer’s hematoxylin. All the washes were performed
in PBS (pH 7.4). Staining was considered as positive for CD86
when the protein was detected in more than 10% of tumor
cells. A minimum of 1 000 cells (normal and neoplastic) were
counted for each single determination and reported as the
percentage of CD56 (+) NK cells in total mononuclear cells.
Statistical analysis
The primary aims of this study were to investigate the
correlation between the H pylori-dependent status of MALT
lymphomas, the expression of CD86 and the infiltration
of CD56 (+) NK cells. Fisher’s exact test and χ2 test were
used to analyze the correlation between the H pylori-dependent
status of MALT lymphomas with CD86 expression patterns.
The results for the CD56 (+) NK cells are expressed as
mean±SD of percentages of positive cells in the total cell
count for a given marker. Nonparametric Mann-Whitney
U test was used to evaluate the difference in the distribution
of positive CD56 (+) NK cell count between H pyloridependent and H pylori-independent high-grade MALT
lymphomas and the difference in the distribution of positive
CD56 (+) NK cell count between CD86 positive and CD86
negative high-grade MALT lymphomas.

RESUL
TS
RESULTS
Patients and tumor response
There were 16 patients with H pylori-dependent and 10
patients with H pylori-independent tumors. The clinicopathologic
features of these patients are summarized in Table 1. The

Table 1 Clinicopathologic features of the patients and tumor expression of CD86
Patient
number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Sex

Age
(yr)

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

48
21
63
68
52
42
66
71
54
83
52
73
46
38
73
45
56
59
65
35
73
45
53
80
70
84

Depth of tumor
invasion
Muscularis propria
Muscularis propria

Submucosa
Serosa
Serosa
Muscularis propria
Muscularis propria
Submucosa
Muscularis propria
Submucosa
Serosa
Muscularis propria
Submucosa
Serosa
Submucosa
Serosa
Submucosa
Muscularis propria
Submucosa
Submucosa

Tumor response to
H pylori eradication
CR
PD
SD
CR
PD
CR
CR
CR
CR
PD
CR
CR
CR
CR
PD
PD
CR
PD
CR
CR
CR
SD
SD
PD
CR
CR

Current status

Chemotherapy
Chemotherapy
Chemotherapy

Chemotherapy

Chemotherapy
Chemotherapy
C/T+gastrectomy

Chemotherapy
Chemotherapy
Chemotherapy

Immunohistochemistry
CD86
+
+
+
+
+
+
+
+
+
+
+

Evaluated by EUS (19 cases) and histologic examination of surgical specimens (1 case). +: Positive; -: negative; CR, complete remission; SD, stable disease; PD, progressive disease.
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A

B

C

D

median duration between H pylori eradication and complete
histologic remission was 5.0 mo (range, 1.5-17.7 mo). At a
median follow-up of 56 mo (range, 8.0-90 mo), all 16
patients who had achieved complete histologic remission
after eradication of H pylori were alive and free of lymphoma.
Seven patients whose tumors grossly increased in size or
had microscopic findings of an increased large-cell fraction
and three patients whose tumor remained grossly stable at
the first follow-up endoscopic examination, were immediately
referred for systemic chemotherapy.
Correlation of expression of CD86 and infiltration of CD56 (+)
NK cells with tumor response to H pylori eradication
The expression of CD86 was detected in 11 (68.8%) of 16
H pylori-dependent high-grade gastric MALT lymphomas,
but in none of 10 H pylori-independent MALT lymphomas
(P = 0.001, Figure 1 and Table 1). Therefore, the expression
of CD86 had a sensitivity of 68.8% and a specificity of
100% in predicting the H pylori-dependence of high-grade
gastric MALT lymphomas.
As shown in Figure 2, the infiltration of CD56 (+) NK
cells differed between H pylori-dependent and H pyloriindependent high-grade gastric MALT lymphomas. H pyloridependent high-grade gastric MALT lymphomas contained
significantly higher numbers of CD56 (+) NK cells than H
pylori-independent MALT lymphomas (2.8±1.4% vs 1.1±0.8%;
P = 0.003). Meanwhile, CD86 positive MALT lymphomas
also showed significantly increased infiltration of CD56 (+)
NK cells compared to CD86-negative cases (2.9±1.1% vs
1.4±1.3%; P = 0.005).

DISCUSSION
In this study, we found that expression of CD86 on tumor
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negative staining for CD86; C: H pylori-dependent case (case 8) carries a larger
proportion of CD56 (+) NK cells; D: H pylori-independent case (case 5) contains
a lower proportion of CD56 (+) NK cells. Original magnification, ×400.

5
CD56
CD56 (+) NK cells
mean % (+/-SD)

Figure 1 Examples of immunohistochemical analysis of CD86 and CD56 (+) NK
on B-cells of high-grade gastric MALT lymphoma. A: H pylori-dependent case (case
4) shows positive staining for CD86; B: H pylori-independent case (case 18) shows
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P = 0.003

3
2
1
0

H pylori
n

H pylori
n

Figure 2 Histograms showing the mean percentage (±SD) of cells staining
CD56 (+) NK in H pylori-dependent and H pylori-independent high-grade gastric
MALT lymphomas (2.8±1.4% vs 1.1±0.8%; P = 0.003).

cells and increased infiltration of NK cells in tumor tissues
were associated with the H pylori-dependent status of earlystage high-grade gastric MALT lymphomas. These findings
suggest that the interaction of B- and T-cells may play a
pivotal role in the determination of antigen-dependence, as
well as in the subsequent response to H pylori eradication
therapy in a substantial portion of early-stage high-grade
gastric MALT lymphomas. Since high-grade gastric MALT
lymphomas may progress rapidly if unresponsive to H pylori
eradication therapy, this information is invaluable for the
physician who must select a first-line treatment.
It has been demonstrated that the growth of MALT
lymphomas requires the help of H pylori-reactive tumorinfiltrating T-cells. For effective communication between
T-cells and neoplastic B-cells, two subsets of co-stimulatory
molecules, CD80 (B7.1) and CD86 (B7.2), of the neoplastic
B-cells should interact with CD28 or CTLA-4 of the
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T-cells [23]. However, the precise role of CD80 and CD86
molecules in the signaling of B-cells remains unclear. In
earlier studies, the CD28-CTLA4/B7-signaling pathway was
found to be involved in the proliferation and differentiation
of B-cells [24,25] . There is also evidence that CD86 may
promote proliferation and immunoglobulin synthesis of
normal B-cells and malignant B cells[26]. Compared with
CD86, CD80 delivered a down-regulator signal for B-cell
response[26]. In a recent study of low-grade gastric MALT
lymphomas, the expression of CD86 was significantly
associated with H pylori-dependence, while CD80 and CD40
and their ligands were not[27]. These results are in line with
our observation that the co-stimulatory molecule CD86 is
present in high-grade gastric MALT lymphomas, and is also
significantly associated with H pylori-dependence. Our
findings support the notion that the growth of a substantial
portion of early-stage high-grade gastric MALT lymphomas,
as well as their low-grade counterparts, remains dependent
on functional B-cell/T-cell interaction.
In addition to promoting the proliferation and differentiation
of malignant B-cell clones, tumor-infiltrating T-cells in lowgrade gastric MALT lymphomas are found to be defective
in both perforin-mediated cytotoxicity and Fas-Fas ligand
mediated apoptosis[28]. On the other hand, the tumor tissues
of high-grade MALT lymphomas appear to contain a much
higher number of apoptotic lymphoma cells and CD8+
cytotoxic T lymphocytes (CTLs)[21]. Study using a murine
model demonstrated that Th-1 response and CD8+ CTLs
activity were strongly inhibited in the presence of persistent
gastric H pylori infection[29]. Moreover, activated CD8+ CTLs
may compete with CD56 (+) NK cells and downregulate
the function of the latter[17]. Besides regulating the differentiation
of CD8+ CTLs, CD56 (+) NK cells may have an equally
important role in immune regulation, where they limit the
host response to foreign antigens and prevent autoimmunity[18].
Recently, it has been demonstrated that CD56 (+) NK cells
can be functionally activated by co-stimulatory molecules
through the interaction of their activation receptor and
CD86 on target cells, and thereby limit the extent of H pylorirelated auto-reactive and neoplastic B lymphoid cells in the
stomach[30]. In the current study, we found that H pyloridependent high-grade MALT lymphomas showed significantly
increased infiltration of CD56 (+) NK cells compared to
H pylori-independent lymphomas. Interestingly, we also found
that CD86 positive MALT lymphomas showed significantly
increased infiltration of CD56 (+) NK cells compared to
CD86-negative cases. These findings suggest that the loss
of H pylori-dependence may be associated with a change in
the immunological microenvironment, including a shift
towards a Th-1 response that enhances the activity of CD8+
CTLs, and decreases the activity of CD56 (+) NK cells.
In conclusion, the expression of co-stimulatory marker
CD86 on lymphoma cells and the increased infiltration of
CD56 (+) NK cells in tumor tissues are useful markers in
the identification of H pylori-dependent tumors and in the
selection of patients for first-line H pylori eradication therapy.
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Abstract
AIM: To investigate the relationship between Helicobacter
pylori (H pylori) infection, microsatellite instability and the
expressions of the p53 in gastritis, intestinal metaplasia and
gastric adenocarcinoma and to elucidate the mechanism
of gastric carcinogenesis relating to H pylori infection.
METHODS: One hundred and eight endoscopic biopsies
and gastric adenocarcinoma were available for the study
including 33 cases of normal, 45 cases of gastritis, 30
cases of intestinal metaplasia, and 46 cases of gastric
adenocarcinoma. Peripheral blood samples of these patients
were also collected. H pylori infection and p53 expressions
were detected by means of streptavidin-peroxidase (SP)
immunohistochemical method. Microsatellite loci were
studied by PCR-SSCP-CE using the markers BAT-26,
D17S261, D3S1283, D2S123, and D3S1611. MSI was
defined as the peak shift in the DNA of the gastric tissue
compared with that of the peripheral blood samples. Based
on the number of mutated MSI markers, specimens were
charac-terized as high MSI (MSI-H) if they manifested
instability at two or more markers, low MSI (MSI-L) if
unstable at only one marker, and microsatellite stable
(MSS) if they showed no instability at any marker.
RESULTS: H pylori infection was detected in the samples
of gastritis, intestinal metaplasia, and gastric adenocarcinoma
and the infection frequencies were 84.4%, 76.7%, and
65.2%, respectively, whereas no H pylori infection was
detected in the samples of normal control. There was a
significant difference in the infection rates between gastritis
and carcinoma samples (P = 0.035). No MSI was detected
in gastritis samples, one MSI-H and two MSI-L were detected
among the 30 intestinal metaplasia samples, and 12 MSIH and 3 MSI-L were detected in the 46 gastric carcinomas.
In those gastric carcinomas, the MSI-H frequency in H pyloripositive group was significantly higher than that in H pylori-

negative group. No p53 expression was detected in the
normal and gastritis samples from dyspeptic patients. P53positive immunohistochemical staining was detected in
13.3% of intestinal metaplasia samples and in 43.5% of
gastric carcinoma samples. The levels of p53 in H pyloripositive samples were higher than those in the negative
group when the carcinoma samples were subdivided into
H pylori-positive and -negative groups (P = 0.013). Eight
samples were detected with positive p53 expression out
of the 11 MSI-H carcinomas with H pylori infection and no
p53 expression could be seen in the H pylori-negative
samples.
CONCLUSION: H pylori affect the p53 pattern in gastric
mucosa when MMR system fails to work. Mutations of
the p53 gene seem to be an early event in gastric
carcinogenesis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric cancer is one of the most common forms of malignant
tumors in adults and is the leading cause of death from
carcinomas in China. A close association between Helicobacter
pylori (H pylori) and gastric cancer has been found[1,2], mainly on
the basis of epidemiological data. Although H pylori has
been classified as a type I carcinogen for gastric cancer by
the International Agency for Research on Cancer (IARC),
the exact pathway has remained indistinct[3,4]. It has been
known that some gastric carcinomas are characterized by
microsatellite instability resulting from defect of mismatch
repair. Mismatch repair genes, as house keeping genes, have
a central role in maintaining genomic stability by repairing
DNA replication errors and inhibiting recombination between
non-identical sequences. Loss of MMR genes causes
destabilization of the genome and results in high mutation
rates, which predisposes human to diverse cancers including
gastric carcinoma[5-7]. The p53 protein is a transcriptional
factor that arrests the cell cycle in the G1 phase when DNA
is damaged by inducing the expression of the p21 protein,
an inhibitor of Cdk kinase and PCNA[8,9]. Thus, damaged
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DNA cannot replicate, allowing time for the repair system to
act[8]. If this system fails, p53 induces apoptosis by transactivation of the bax gene[10]. Both mismatch repair and suppressor
are two main pathways involved in the tumorigenesis of
gastric carcinoma. In this study, we examine microsatellite
instability and p53 protein accumulation in patients with
H pylori-infected gastric mucosa and in patients with gastric
adenocarcinoma to elucidate whether any relationship exists
between these genetic alterations and H pylori infection.

MA
TERIALS AND METHODS
MATERIALS
Patients
One hundred and eight dyspeptic patients (65 men and 43
women; median age, 46 years; range, 20-73 years) undergoing
upper endoscopy, and 46 consecutive patients (29 men and
17 women; median age, 56 years; range, 32-69 years) who
underwent surgical excision for gastric adenocarcinoma at
the hospitals of Dalian area entered the study. Peripheral
blood samples of these patients were also collected. The
ethical approval for this study was granted by the Local
Research Ethics Committee. Endoscopic biopsies were
removed with standard gastric biopsy forceps and then cut
in half with sterile scalpel blades. Half the biopsy sample
was fixed in 10% buffered neutral formalin and embedded
in paraffin and serial sections (4-µm thick), while the other
half was stored at -80 . Hematoxylin-eosin (HE) staining
was used for the histopathological diagnosis. Among the
108 endoscopic biopsies, 33 samples were normal, 45 samples
were gastritis and 30 samples were intestinal metaplasia.
DNA extraction
DNA was extracted from the frozen gastric tissues and
peripheral leukocytes using a regular phenol-chloroform
until use.
method and stored at -20
Microsatellite analysis
Microsatellite instability was studied using five markers
(Table 1), PCR was performed in 12.5 µL of reaction mixture
containing 1.5 mmol/L MgCl2, 200 µmol/L each dNTP,
0.5 Unit ampli Taq polymerase (TaKaRa Biotech., Dalian,
China), 0.5 µmol/L of each primer, and 50 ng genomic
DNA. The reaction was carried out in a thermal cycler
for 30 s,
(Perkin-Elmer Model 2700, CA, USA) at 94
for 30 s, and 72
for 30 s, for 35 cycles with an
58-60
for 5 min and a final
initial denaturation step of 94
for 5 min. 0.5 µL each PCR product
extension step of 72
was mixed with 1 µL GeneScan 500 size standard and 12 µL
for 10 min, then immediately
water, and heated at 95
put into ice water and kept for 5 min. Microsatellite was
analyzed by an ABI PRISM 310 (Perkin-Elmer, ABI Prism)
with 6% SLPA and 8 mol/L urea as sieving medium under
constant voltage 15 kV at 60 . Single-stranded microsatellite
fragments were detected by LIF and the data were collected
and analyzed by GeneScan. MSI was defined as the peak
shift in the DNA of the gastric tissue compared with that
of the peripheral blood samples. Based on the number of
mutated MSI markers, specimens were characterized as
high MSI (MSI-H) if they manifested instability at two or
more markers, low MSI (MSI-L) if unstable at only one
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marker, and microsatellite stable (MSS) if they showed no
instability at any marker.

Table 1 Primers of microsatellite markers
Markers

Primers

Tm ( )

BAT-26

5’-FAM- TGACTACTTTTGACTTCAGCC

58

D17S261

5’-AACCATTCAACATTTTTAACCC
5’-HEX-AGGGATACTATTCAGCCCGAGGTG

60

D3S1283

5’-ACTGCCACTCCTTGCCCCATTC
5’-TET-GGCAGTACCACCTGTAGAAATG

60

D2S123

5’-GAGTAACAGAGGCATCGTGTATTC
5’-FAM-AAACAGGATGCCTGCCTTTA

60

D3S1611

5'-GGACTTTCCACCTATGGGAC
5’-HEX-CCCCAAGGCTGCACTT

60

5’-AGCTGAGACTACAGGCATTTG

Immunohistochemical staining
Immunostaining was performed using the streptavidinperoxidase (SP) method as previously described by Lan
et al. Negative control sections were processed in the same
manner, replacing the primary antibody with buffered saline.
A total of 300 cells were counted in random fields from
representative areas and the immunoreactive cells were
assessed and expressed as percentages. Samples with p53
staining in more than 10% were considered positive (the
nuclei, staining brown-yellow). However, the H pylori
immunostaining was assessed positive as long as the brownblack dotish were stained on the surface of mucosa.
Statistical analysis
The χ2 test and the Fisher’s exact probability test were used
to compute the frequencies by SPSS 12.0 for Windows.
P<0.05 was considered to be statistically significant.

RESUL
TS
RESULTS
H pylori status
Sixty-one of the 108 (56.5%) dyspeptic patients and 30 of
the 46 (65.2%) gastric cancer patients showed H pylori
infection. None of the normal gastric mucosa was infected
with H pylori. The infection rates of gastritis, intestinal
metaplasia and tumor samples were largely more than the
normal. χ2 tests also revealed a significant difference in the
infection rates between gastritis and carcinoma samples
(P = 0.035, Table 2).
Table 2 H pylori infection in the normal, gastritis, intestinal metaplasia,
and tumor samples
Tissue type

Number of
samples

Infection number
of H pylori

Infection
rates (%)

Normal

33

0

0

Gastritis
Intestinal metaplasia

45
30

38
23

84.4
76.7

Carcinoma

46

30

65.2

Microsatellite analysis
In the 33 normal and 45 gastritis samples, no microsatellite
status shift was detected. One MSI-H and two MSI-L were

Li JH et al. Effect of H pylori infection on p53 expression
Table 3 MSI frequency according to H pylori status
MSI frequency
MSI-H (12)
MSI-L (3)

H pylori positive (30)

Table 4 P53 expression with regard to H pylori status in carcinomas

H pylori negative (16)

36.7% (11/30)
6.7% (2/30)

P

6.3% (1/16)
6.25 % (1/16)

1

0.035
1.000

100 120 140 160 180 200 220 240 260 280 300
D2S123 D3S1611
6

1B: A126T.fsa/
1Y: A126T.fsa/
800
720
640
580
480
400
320
240
160
80
0

2B: A127T.fsa/
2Y: A127T.fsa/

7 Peripheral
blood

1G: A126T.fsa/
1R: A126T.fsa/

BAT-26
1 D17S261
2
D3S1283
3 4
5

P53 positive (20)

P

17
3

0.0131

H pylori positive (30)
H pylori negative (16)
H pylori positive vs H pylori negative.

H pylori positive vs H pylori negative.

BAT-26
D3S1283
1
D17S261
4
23
5

H pylori status

1

1

810
720
630
540
450
360
270
180
90
0

4365

D2S123
D3S1611
6

7

Tumor
tissue

2G: A127T.fsa/
2R: A127T.fsa/

Fragment length (bd)

Figure 1 Electropherograms of five microsatellite loci in the peripheral blood
sample and tumor tissue of one gastric cancer patient. Red peaks: interval
standard peaks.

detected among the 30 samples of intestinal metaplasia,
whereas in the 46 gastric carcinomas, 12 MSI-H and 3
MSI-L were detected. The MSI status was significantly higher
in H pylori positive samples of carcinomas than that in H pylori
negative samples of carcinomas (Table 3 and Figure 1).
p53 overexpression
No p53 expression was detected in the normal and gastritis

samples from dyspeptic patients. Four of the 30 intestinal
metaplasia samples showed p53-positive immunohistochemical
staining, and in the 46 patients with gastric cancer, 20 (43%)
p53-positive samples were identified. Eight manifested p53
positivity out of the 11 MSI-H carcinomas with H pylori infection
and no p53 expression could be seen in the H pylori-negative
group. When the carcinoma samples were subdivided into
H pylori-positive and -negative groups, immunohistochemical
staining revealed that the levels of p53 in H pylori-positive
samples were higher than those in the negative samples
(P = 0.013, Tables 4 and 5, Figures 2A and B).

DISCUSSION
Both genetic and environmental factors are crucial in gastric
cancer development and progression. H pylori infection has
been documented as an important risk factor for gastric
cancer[12]. It is fully agreed that the bacterium is effectively
able to induce chronic mucosal injury with increased mucosal
proliferation that could facilitate malignant transformation[13-15].
In this study, we detected a high infection rate of H pylori in
both dyspeptic samples and gastric adenocarcinoma samples,
which is consistent with the documents[16,17]. The reason why
infection rate was significantly higher in gastritis samples
than that in carcinoma samples is probable that H pylori
density is lower in atrophic gastritis mucosa and very low in
the intestinal metaplasia and in patients with gastric cancer,
the degree of atrophic gastritis and intestinal metaplasia is

Table 5 Length of representative fragments of five microsatellite loci in the normal tissue and peripheral blood sample of the gastric cancer
patient
D17S261

D3S1283

Peak no.

BAT-26
1# (bp)

2# (bp)

3# (bp)

4# (bp)

5# (bp)

D2S123
6# (bp)

D3S1611
7# (bp)

Normal
Tumor

119.15
120.30

127.52
121.63

133.78
131.45

149.12
143.23

147.25
147.36

209.42
209.30

262.76
262.85

A

Figure 2 p53 in the normal and gastric carcinoma samples. A: p53-Negative
staining in normal gastric glands from a dyspeptic patient, B: gastric carcinoma

B

showing nuclear p53 immunoreactivity.
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higher than in patients without cancer. Another reason may
be that different strains contribute differently to the
occurrence of gastritis or gastric carcinoma, and it is not
adequate to compare H pylori infection only by histology.
Epithelial cell proliferation is not carcinogenic in itself.
It is likely that H pylori promote neoplastic transformation
in combination with additional factors. In this study, we
detected microsatellite instability and p53 protein expression
in accordance with the development from gastric gastritis,
intestinal metaplasia to gastric cancer with regard to H pylori
infection status.
Microsatellites are short sequences of tandem repeats
dispersed throughout the mammalian genome. Repeat units
range from 1 to 4 bp in length, and the entire sequence of a
typical repeat tract is less than 100 bp long[18,19]. Microsatellite
instability is characterized by the insertion or deletion of one
or more repeat units, which is caused by a failure of the
DNA-MMR system to repair errors that occur during the
replication of DNA[20]. MSI has been regarded as one of
the most important indication of MMR defect. In this study,
we detected five microsatellite loci sensitive to gastric cancer
and found MSI-H in 26% carcinoma samples. The frequency
of MSI-H in H pylori-positive group was significantly higher
than that in H pylori-negative group. Among gastritis and
intestinal metaplasia samples, the MSI-H frequency was
0% and 3% respectively although with higher H pylori
infection. MSI existed in intestinal metaplasia samples
although the frequency was much lower than that in carcinoma
samples. That is to say, MMR defect happened before the
malignant transformation of gastric mucous membrane
cells. These results together indicated that H pylori infection
induce tumorigenesis of gastric carcinoma when MMR
system of gastric mucosa fails to work functionally.
It has been proved that wild type p53 protein can induce
cell apoptosis but the intracellular accumulation of mutant
p53 protein can inhibit cell apoptosis and promote cell transformation and proliferation, resulting in carcinogenesis. The
overexpression of p53 protein is generally mutant forms,
for the half-life of wild-type p53 is very short and p53 protein
expression is usually negative in normal tissues. In our present
study, p53 expressions were found in 0% of the control,
0% of gastritis samples, 13.3% of intestinal metaplasia
samples and 43% gastric carcinomas samples. The detection
of p53 expression in intestinal metaplasia indicates that p53
mutation can be an early event in the pathogenesis of gastric
cancer. When the carcinomas samples were subdivided into
H pylori-positive and -negative, and the positive rates of
their p53 expression compared, we found a higher expression
rate in H pylori-positive group than that in H pylori-negative
group. The carcinoma samples from MSI study were also
analyzed to determine whether there was any relationship
with p53 protein accumulation. No significant difference
was shown to exist between samples in terms of their MSI
status and p53 expression. Nevertheless, MSI was found in
11 with H pylori infection, 8 manifested p53 positive, this
suggests that H pylori infection may play a role by inducing
p53 gene mutations in those MSI or MMR defect gastric
mucosa, but only in certain individuals.
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In conclusion, the association between H pylori infection,
MSI and p53 mutations observed in intestinal metaplasia
and gastric carcinoma samples leads us to hypothesize that
H pylori affect p53 pattern in gastric mucosa when MMR
system fails to work. Mutations of the p53 gene seem to be
an early event in gastric carcinogenesis.
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Abstract
AIM: Sensitization most likely plays an important role in
chronic pain disorders, and such sensitization can be
mimicked by experimental acid perfusion of the esophagus.
The current study systematically investigated the sensory
and motor responses of the esophagus to controlled
mechanical stimuli before and after sensitization.
METHODS: Thirty healthy subjects were included.
Distension of the distal esophagus with a balloon was
performed before and after perfusion with 0.1 mol/L
hydrochloric acid for 30 min. An impedance planimetry
system was used to measure cross-sectional area,
volume, pressure, and tension during the distensions. A
new model allowed evaluation of the phasic contractions
by the tension during contractions as a function of the initial
muscle length before the contraction (comparable to the
Frank-Starling law for the heart). Length-tension diagrams
were used to evaluate the muscle tone before and after
relaxation of the smooth muscle with butylscopolamine.
RESULTS: The sensitization resulted in allodynia and
hyperalgesia to the distension volumes, and the degree
of sensitization was related to the infused volume of
acid. Furthermore, a nearly 50% increase in the evoked
referred pain was seen after sensitization. The mechanical
analysis demonstrated hyper-reactivity of the esophagus
following acid perfusion, with an increased number and
force of the phasic contractions, but the muscle tone did
not change.
CONCLUSION: Acid perfusion of the esophagus sensitizes

the sensory pathways and facilitates secondary contractions.
The new model can be used to study abnormal sensorymotor mechanisms in visceral organs.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Pain arising from the esophagus is very common clinically
and in the nor mal population, but the mechanisms
involved are poorly understood[1]. Due to the difficulties in
characterizing clinical pain, human experimental models have
been developed to investigate the pain pathways in a
standardized way in volunteers and patients. These models
provide the possibility to control the stimulus parameters
and to assess the response quantitatively[2,3]. Furthermore,
the nociceptive system can be sensitized in the laboratory,
resulting in allodynia (painful sensations to stimuli that are
not normally painful), hyperalgesia (increased sensation to
stimuli that are normally painful) and increase in the evoked
referred pain area[4]. The sensitization most likely plays an
important role in chronic visceral pain disorders [3,5] .
Experimental chemical stimulation with acid has been used
to sensitize the esophagus[6-8]. However, the literature has
not been consistent with respect to the evoked mechanical
hyperalgesia, probably due to methodological problems
related to the stimulus modalities used[9].
Distension of the gut is a physiologic stimulus, and
consequently most researchers have used experimental
balloon distension models to investigate basic pain
mechanisms in the gastrointestinal (GI) tract [10]. Most
previous studies have used volume and pressure as proxies
of the mechanical deformation and force applied to the
gut wall[10]. However, the mechanical parameters tension,
stress and strain are of more value than pressure and volume
when studying the esophagus, as these parameters provide
more valid information about the mechanical forces and
deformation (elastic properties) during distension [11-15].
Furthermore, the muscle function is better evaluated when
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the forces and tensions can be quantitated, rather than
measuring the luminal pressure[16-18]. However, the sensorymotor responses of the organ during a mechanical stimulus
cannot be evaluated independently of the mechanical forces
and deformation. Thus, phasic contractions and changes in
muscle tone can influence the sensory response themselves[18],
and in diseases of the esophagus hyper-reactivity may give
major contribution to the symptoms [19,20]. Methods to
estimate and control the mechanical response will thus allow
better explanations of the effects on the sensory-motor
response during the mechanical stimulations with and without
sensitization of the pain system.
Systematic investigation of both the sensory and motor
responses to controlled mechanical stimuli following
experimental sensitization of the esophagus has to the best
of our knowledge never been investigated. The aims of
the current study were to (1) investigate the effect on
sensitization of the esophagus with acid on the sensory
response to controlled mechanical stimulation; (2) calculate
the evoked referred pain areas to the mechanical stimulation
before and after sensitization as a proxy for the central
neuronal changes; and (3) evaluate the motor response to
the sensitization by a new in vivo method evaluating the
change in tension during contraction (the afterload tension)
as function of the initial muscle length before the contraction
(the preload radius).

MA
TERIALS AND METHODS
MATERIALS
Thirty healthy subjects, 14 males and 16 females, mean age
36.5±12.9 years, were included. The subjects did not suffer
from any kind of chronic pain, GI symptoms or disturbances
in personality. All subjects gave informed written and verbal
consent prior to the study. The protocol was approved by
the local ethics committee and performed in accordance
with the Helsinki Declaration.
Mechanical stimulations
The impedance planimetry system including the principle
for measurement of the cross-sectional area (CSA) has been
described in detail previously[18,21,22]. The 70-cm long probe
with a diameter of 4.5 mm had a cylindrical large-sized bag
near the tip. The bag was 40 mm in length and was made
of 35-µm thick, non-conducting polyester urethane. A
side-hole for acid perfusion was placed 2 cm above the
bag. The probe had a four-electrode impedance planimetry
system with four sets of ring electrodes inside the bag (GMC
Aps, Hornslet, Denmark). The bag could be inflated with
electrically conducting fluid (0.09% saline) through a pair
of infusion channels. The change in impedance of the
fluid during distension of the bag reflects the change in the
CSA[18]. The infusion channels were connected to an infusion
pump (Type 111, Ole Dich Instrument Makers, Hvidovre,
Denmark) that was able to fill or empty the bag continuously.
The bag could be inflated to a CSA of approximately 2 000
mm2 (diameter equal to 50 mm) without stretching the wall
of the bag. The fluid in the connecting tube between the
pump and the probe was heated to 37 . A safety valve
was connected with the pump allowing the subjects to stop
the infusion at any time. The system was calibrated before
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the probe was inserted into the esophagus. Non-linearity of
the CSA was corrected for in the whole measurement range
by means of a software feature. The pressure was measured
by means of a low-compliance perfusion system connected
to external transducers.
Sensory ratings
The sensory intensity was assessed continuously during the
experiment using an electronic visual analog scale (VAS,
GMC, Hornslet, Denmark). The volunteers were trained
in assessment of sensation to deep pressure at the muscles
on the right forearm several times before the visceral stimuli
were given. A scale for both non-painful and painful
sensations was used[3]. The intensities of the non-painful
sensations were scored with the following descriptors
added to facilitate the scoring: 1 = vague perception of
mild sensation; 2 = definite perception of mild sensation;
3 = vague perception of moderate sensation; 4 = definite
perception of moderate perception; 5 = the pain threshold.
For the painful sensations the patients used the scale from
5 to 10 anchored at 5 = pain threshold to 10 = unbearable
pain, with the following anchor words: 6 = slight pain;
7 = moderate pain; 8 = medium pain intensity; 9 = intense
pain; and 10 = unbearable pain. This part of the scale was
red to clearly separate the non-painful and painful range of
sensations. The first three distensions were used to practice
the sensory ratings[3]. The subjects were carefully instructed
to score the evoked chest pain and to differentiate this from
the unpleasantness in the throat caused by traction due to
the distension-evoked esophageal contractions. The scale
has previously been shown to be robust, and to discriminate
sensations in the esophagus[8,11,12], and the small and large
intestine[13,14,23,24].
After the last distension before butylscopolamine injection
(see below) the volunteers were asked about referred pain
to the chest or other remote areas evoked by the distensions
at moderate pain (VAS = 7). If present the referred pain
area was marked with a pen and transferred to a transparent
paper. Later the area was digitized (ACECAD D900+
Digitizer, Taiwan) and the size calculated (Sigma-Scan, Jandel
Scientific, Canada).
Protocol
The subjects fasted for at least 4 h prior to the experiment.
Intubation was performed through the mouth. The bag was
inserted into the stomach and then retracted to identify the
location of the lower esophageal sphincter as a zone of
high resting pressure that decreased with swallowing. Then
the bag was placed 7 cm proximal to the sphincter and the
probe was taped to the cheek. The subjects were asked to
lie down with the head tilted by 30o after the placement of
the bag. The experiment was performed in that position
after 30 min of rest.
Three bag distension stimuli with a constant infusion
rate of 25 mL/min were done to precondition the tissue
and to obtain repeatable sensory data[3,13,15,23,24]. The interstimulus interval was 60 s for all experiments. When the
subjects reported slight pain (6 on the VAS), the bag was
deflated using the same flow rate as during the inflation
until it was empty. After these stimuli, two more distensions
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were done at the same infusion rate. When moderate pain
intensity (7 on the VAS) was reached, the pump was reversed
and the bag deflated. Then 20 mg butylscopolamine was
given intravenously and after abolishment of the contractile
activity the two last distensions were repeated.
After the first series of mechanical stimuli, the participants
underwent a modified acid perfusion test[25]. Hence, during
a perfusion channel in the catheter 0.1 mol/L hydrochloric
acid was infused at a rate of 7 mL/min for 30 min. If the
evoked sensations due to the acid stimulation were reported
unpleasant (rated 5 on the VAS), the perfusion was stopped
for 30 s and the subjects were allowed to swallow 10 mL
water. In case the perfusion was too unpleasant for the
subjects, it was stopped and the amount of infused acid
was measured.
After the acid perfusion, bag distensions before and after
butylscopolamine were given using the same protocol as
described above, before acid perfusion.
During all stimuli autonomic reactions were monitored
and displayed on-screen using a Biopac MP100 system
(Biopac Systems Inc., Santa Barbara, CA, USA) including
sensors and recording system for electrocardiogram, pulse
rate and respiration.

Figure 1 Raw data in a typical subject showing the change in pressure during
bag-distension-induced contractions. The change in tension during maximal
distension-induced contractions (afterload tension) was computed at the open
triangles and expressed as function of the radius immediately before the
contractions marked with solid triangles (preload radius). The radius was
calculated on the basis of the CSA measured simultaneously. For details regarding
the calculations see Methods section.

Data analysis
The circumferential wall tension was calculated according
to the law of Laplace for cylindrical structures as
T = Pr
where T is the circumferential wall tension, r is the balloon
radius, and P is the transmural pressure. The geometry
of the esophagus during distension can be considered
circular except at very low pressure levels[18]. Therefore,
the radius was determined as

Statistical analysis
The results are expressed as mean±SD unless otherwise
indicated. Continuous data were analyzed using t-tests. For
multiple comparisons, two-way analysis of variance
(ANOVA) was used with the factors: (1) before and after
acid and (2) the different VAS levels. P<0.05 was considered
significant. The software package SPSS v. 10.0 was used
for the statistical analysis.

CSA
π
All subjects stated that they more reliably rated the
sensory intensity at the second distension compared to the
first. Therefore, only data from the second distension were
used in the analysis. After butylscopolamine the first
distension was used as the maximal decrease in contractile
activity was seen at the first few minutes after the injection.
As criteria for valid contractions before and after acid
perfusion a pressure amplitude above 2.5 kPa was used.
In a representative sample of 10 subjects (5 males and
5 females, mean age 36.1±14.3 years) the change in tension
during individual distension-induced contractions (afterload
tension) was computed and expressed as function of the
radius immediately before the contractions (preload radius).
The diagrams were made before and after perfusion of
the distal esophagus with a mean of 123 mL hydrochloric
acid. An example from an individual subject is shown in
Figure 1. The data were fitted with a third order polynomial.
These diagrams correspond to the well-known heart
ventricular function curves in terms of the ventricular
stroke working as function of the mean atrial length. Such
curves demonstrate the Frank-Starling mechanism of the
heart now adapted to the esophagus-see appendix.
The pressure and CSA data obtained between the evoked
contractions (without infusion of butylscopolamine) were

RESUL
TS
RESULTS
Mechanical stimuli before and after acid
All subjects completed the experiment. After the
preconditioning stimuli, the curve characteristics and sensory
ratings were reproducible in all subjects. The stimulusresponse curves after preconditioning the tissue are shown
in Figure 2 for the infused volume, CSA, pressure, and
tension. The sensation intensity was approximately linear as
functions of all four stimulation variables. The sensory rating
increased after acid, when expressed as a function of the
volume (F = 4.75, P = 0.03), whereas no differences were
found for the CSA (F = 1.0, P = 0.3), pressure (F = 0.7,
P = 0.4) and tension (F = 1.2, P = 0.3). The curves during
butylscopolamine infusion showed the same pattern as described
above, before and after acid perfusion (data not shown).
The acid infusion resulted in a more hyper-reactive
esophagus as the number of contractions with pressure
amplitudes above 2.5 kPa during the distensions increased
from 2.9±1.5 to 3.5±1.5 after acid perfusion (P = 0.03).
The change in tension during bag-distension-induced
contractions (the afterload tension) was plotted as a
function of the preload radius for 10 representative subjects
(Figure 3). No contractions were observed at radii below
5 mm. Before acid infusion the afterload tension increased
until a plateau was reached. This corresponds to the “FrankStarling mechanism” relating to the less interdigitation of

r=

Pressure (cm H2O)

used to compute the total tonic tension, whereas the
tracings during butylscopolamine infusion were used for
calculation of the passive tension. The active tonic tension
was obtained by subtracting the passive tension from the
total tonic tension[14,18].
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(the preload radius) as shown in Figure 1. Five to eight datasets were computed

during the distension for 10 representative subjects. Data calculated at painful
sensations were all above preload radii of 11.5 mm and are shown as open
markings.

muscle filaments when the muscles are overstretched.
Painful sensations (VAS 5) were experienced at preload
radii higher than 11.5 mm. After the acid infusion higher
afterload tensions were observed at both low and high radii
as compared to baseline, and there was a tendency to more
spreading of the data as some individuals obtained very
high afterload tensions. The painful sensations were also
only evoked at radii higher than 11.5 mm.
The total, passive and active tonic tensions before and after
acid infusion are shown in Figure 4. There was no difference
in curve shape between before and after acid, indicating
that acid infusion does not change esophageal muscle tone.

the other group, less than 100 mL of acid (n = 13). There
was a relation between the evoked sensitization and the
acid load as those who accepted more than 100 mL were
sensitized to volume (F = 5.3, P = 0.02), pressure (F = 5.5,
P = 0.02) and tension (F = 6.0, P = 0.01), but not to CSA
(F = 0.9, P = 0.3). The group tolerating less than 100 mL
were not sensitized to neither volume (F = 0.3, P = 0.6),
pressure (F = 0.6, P = 0.4), tension (F = 0.8, P = 0.4) nor
CSA (F<0.01, P = 0.99).

High and low acid responders
The subjects tolerated a mean of 101±53 mL of acid. To
see if the sensory response was related to the amount of
acid infused, the subjects were divided into two groups.
One group could accept 100-200 mL of acid (n = 17) and

Referred pain areas
All subjects reported referred pain to the stimulations. The
referred pain areas to mechanical stimuli at moderate pain
are shown in Figure 5. Additionally one male and two females
had referred pain in the back. The referred pain areas
increased from 27.9±29.3 cm2 before acid to 41.4±39.0 cm2
after acid (P = 0.047), although the volume was smaller at
the distensions after acid.
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Figure 5 A schematic illustration of the referred pain areas drawn by the
subjects following mechanical stimuli of the esophagus before and after perfusion
with acid. The stimuli were given with an intensity corresponding to moderate
pain. The chest was divided into eight areas by a horizontal line 5 cm above the
xiphoid process, a vertical midline and two vertical lines 5 cm lateral to the
midline. The numbers on the figure refer to the number of subjects reporting
referred pain to that particular region of the chest. The referred pain area increased
following the sensitization with acid.

DISCUSSION
The current experiment used controlled ramp distensions
and preconditioning to evoke experimental pain in the
esophagus in 30 subjects. The sensory response was assessed
before and after sensitization of the lower esophagus by
acid perfusion. The sensory rating increased after acid when
expressed as a function of the volume, and the degree of
sensitization was related to the infused volume of acid.
Furthermore, an increase in referred pain to a standardized
distension was seen reflecting activation of central
facilitatory pain mechanisms. The mechanical analysis
demonstrated hyper-reactivity of the esophagus following
acid perfusion, with an increased number and force of the
phasic contractions, but the muscle tone did not change.
This illustrates that acid perfusion not only sensitizes the
sensory pathways, but also facilitates motor reflexes.
Sensory response to sensitization with acid
Chronic pain is associated with modifications of the central
nervous system such as central sensitization[4]. Animal
experiments have demonstrated neuronal changes such as
increased spontaneous activity, decreased firing threshold,
and expansion of the receptive fields of spinal neurons
subjected to activation and/or experimental sensitization

see text. Acid did not change the curve shapes. Hence, esophageal muscle
tone was not affected by the acid infusion.

of their peripheral afferents[5,26,27]. Sensitization of the human
esophagus with acid is a valuable experimental pain model,
as the evoked allodynia, hyperalgesia and referred pain
patterns reflect sensitization of the nervous system and
can be studied systematically[3]. Hence, decreased thresholds
to physiologic stimuli seem to contribute to many of the
symptoms reported by patients with inflammatory and
functional diseases in the gut[28,29]. Thus, a combination of
mechanical stimulation and sensitization of the esophagus
may mimic the widespread pain and other sensations
reported by patients with reflux disease and unexplained
chest pain[16,30,31].
Acid-sensitive fibers have been demonstrated in animal
studies, and mucosal afferents are often sensitive to different
chemical stimuli[32,33]. Increased responses to mechanical,
electrical and thermal stimuli after acid perfusion of the
esophagus have also been demonstrated in human beings[6-9,34],
although previous studies using latex balloons were not
consistent. This can be due to methodological problems
using latex balloons, where the distension data must be
corrected for the intrinsic mechanical properties of the
balloons and for the uncontrollable deformation in
longitudinal direction[9,16]. Non-compliant polyester urethane
bags overcome these problems. The effect of preconditioning
the tissue by several distensions until the stress-strain
relationship becomes reproducible has also not been
considered in most previous studies [3,18] . Different
modifications of the acid perfusion test have been used as
a chemogenic stimulus by several authors[6,7,9,35,36]. When the
current material was divided into those who tolerated below
and above 100 mL of acid, significant increased sensation
to the mechanical stimulus was only seen in the high acid
group. Hence, it is recommended to use volumes higher
than 100 mL in future studies.
The present study demonstrated increased sensation to
the infused bag volume, but not to pressure and tension.
The intraluminal pressure and tension are highly dependent
of the contractile force state of the esophageal muscles,
and hence not as reliable parameters as the deformation[18].
Despite the decrease in volume after acid infusion, the CSA
did not decrease significantly. Thus it seems that the bag
conforms to a shape where it is shorter after acid infusion.
Such a shape change is likely caused by changes in the
contractile activity in the acid exposed area and even in
regions affected by nerve-mediated reflex responses.
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Secondary contractions and muscle hyper-responsiveness
can be evoked by acid in the distal esophagus due to reflex
loops between mucosal afferents and the motor system[37-40].
After acid perfusion increased force of the secondary
contractions was evoked by the distension in the non-painful
and painful range. Animal studies have shown that-in
contrast to the somatic system-afferents encoding both
non-painful and painful sensations can sensitize in the
viscera[41]. The current observations in the human esophagus
are in line with these studies, as the sensitization of afferents
encoding conscious sensations to distension seems to change
the contractile activity in the muscle via local and/or central
reflexes[42,43]. However, the curve form changed mostly in
the pain range (to the right of the vertical line in Figure 3)
and hence there seems to be a higher effect of sensitization
on the painful sensations. The Frank-Starling mechanism
predicts a decrease in contractile activity when the muscle
is overstretched corresponding to less optimal interdigitation
of actin and myosin filaments. In the current experiment
the baseline curve form showed no decrease in afterload
tension at maximal distension. The fact that the afterload
tensions were higher after acid infusion indicates that bag
distension itself does not activate the muscle maximally.
Another manifestation of the acid perfusion was the
increased referred pain area to the mechanical stimulation,
although the bag volume was lower after the perfusion.
Enlarged referred pain areas is also a characteristic in clinical
gut disorders[44-46], and are very similar to what is observed
in patients suffering from chronic musculoskeletal pain[47].
Previously, we have shown that sensitization of the
esophagus results in increased referred pain areas[8], a finding
which was confirmed in the current study. The mechanism
is of central origin [4], which was also shown in previous
papers using neurophysiological assessment of the spinal
and supraspinal pain response after acid perfusion of the
esophagus[8,48].
Mechanical and motor responses to sensitization with acid
The sensitization resulted not only in allodynia and
hyperalgesia to the distension volumes, but the esophagus
also exhibited hyper-reactivity as illustrated by the increased
number of contractions after the acid perfusion. Such
hyper-reactivity has also been seen in animal studies[37,38].
The contractions were also stronger to a given preload radius.
However, the acid infusion did not change the total tonic
tension, the passive tension and the active tonic tensions
(Figure 4). Hence, the hyper-reactivity only accounts for
phasic contractions, not for tone in the esophageal body.
Previously, Sifrim et al.[49], showed that acid reflux into the
esophagus stimulated tone in the esophageal body. However,
simultaneous distension seemed to inhibit the acid induced
tone. These issues obviously need further investigations.
The preload radius where contractions were evoked by
the painful stimuli (VAS = 5 and higher) did not change
after acid (vertical line in Figure 2). This corresponds with
the “strain theory”, i.e., that the mechanoreceptors are
activated by circumferential stretch independent of the
contractile state of the muscles [12,13,15,50]. The receptors
encoding distension of the gut are mainly believed to be
localized in the muscle and nerve layers, where they are not
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exposed to acid[33,43]. Hence, the contractions are probably
initiated by reflex loops between strain-sensitive
mechanosensitive afferents localized in the muscle layers
and the smooth muscle cells. Whether such reflexes are
local or mediated via central (vagal and/or spinal) afferents
cannot be concluded from the current data[40,42,43]. We believe,
however, that a central component is important as the
contractions were more powerful after perfusion with acid.
The acid perfusion may thus result in sensitization of
mucosal afferents as well as central hyperexcitability[8,43,48].
As the enteric nervous system is partly under inhibitory
central control[51], the sensitization may result in dampening
of the central control. This mechanism is expedient as such
reflexes will tend to move acid from reflux towards the
stomach where it is harmless.
Modeling diseases of the esophagus
Sensation and pain detection thresholds to distension,
electrical and acid stimuli of the esophagus were found to
be lower in patients with non-cardiac chest pain compared
to healthy subjects[6,7,52,53]. Such hypersensitivity can be
mimicked in the current model. Furthermore, the muscles
of the esophagus are hyper-reactive in patients with
unexplained chest pain[19,54-56]. In the present model the acid
perfusion evoked an increased number of contractions,
which were characterized by a higher force. Thus diseases
characterized by primary and secondary motor disorders
can also be mimicked experimentally, and in patients the
preload-afterload plots will be valuable for description of
the aberrant motor function. The model can therefore be
used to study abnormal sensory-motor mechanisms in
visceral organs, and may also prove useful in pharmacological
studies with drugs targeted to treat patients with unexplained
chest pain and motor disorders of the esophagus.
Appendix
The preload is considered in this study to be initial muscle
length (radius) preceding the contraction during the
distension, whereas the afterload is evaluated as the active
tension during the contraction. In cardiac physiology the
preload is usually considered to be the end-diastolic pressure
or radius and the afterload is considered to be the arterial
pressure during the systole. The explanation of the FrankStarling mechanism is that when an extra amount of blood
flows into the ventricles, the cardiac muscle itself is stretched
to greater length. This in turn causes the muscle to contract
with increased force because the actin and myosin filaments
then are brought to a more nearly optimal degree of
interdigitation for force generation. In cardiac physiology
the importance of the concept of preload and afterload is
that in many abnormal functional states of the heart and
circulation, the pressure during filling of the ventricle or
the arterial pressure against which the ventricle must
contract, or both, are severely altered from the normal.
The Frank-Starling mechanism has been important in the
understanding of drugs with effect on the myocardial
function, and transferring this concept to esophageal
physiology, the development in the current model will have
interest for evaluation of normal esophageal physiology
and in the pathophysiology of esophageal disorders.
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Abstract
AIM: Delayed gastric emptying and an enlarged fasting
gastric antrum are common findings in functional dyspepsia
but their relationship with gastrointestinal (GI), and the
frequently associated extra-GI symptoms remains unclear.
This study evaluated the relationship between GI and
extra-GI symptoms, fasting antral volume and delayed
gastric emptying in functional dyspepsia.
METHODS: In 108 functional dyspeptic patients antral
volume and gastric emptying were assessed with ultrasonography (US). Symptoms were assessed with standardized
questionnaire. The association of symptoms and fasting
antral volume with delayed gastric emptying was estimated
with logistic regression analysis.
RESULTS: Delayed gastric emptying was detected in
39.8% of the patients. Postprandial drowsiness (AOR
11.25; 95%CI 2.75-45.93), nausea (AOR 3.51; 95%CI
1.19-10.32), fasting antral volume (AOR 1.93; 95%CI
1.22-3.05), were significantly associated with delayed
gastric emptying. Symptoms, mainly the extra-GI ones
as postprandial drowsiness and nausea, combined with
fasting antral volume predicted the modality of gastric
emptying with a sensitivity and specificity of 78%.
CONCLUSION: In functional dyspeptic patients, (1) an
analysis of fasting antral volume and of symptoms can
offer valuable indication on the modality of gastric emptying,
and (2) it seems appropriate to inquire on postprandial
drowsiness that showed the best correlation with delayed
gastric emptying.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The term dyspepsia is widely used in clinical practice to
describe symptoms arising from the upper abdomen and,
depending on the definition, its prevalence has been reported
to vary from 20% to 40%[1-3] in the adult population. Although
dyspeptic symptoms may arise from several pathological
conditions, more than 70% [4-8] of patients, do not have
definite structural or biochemical alterations[9-11] and, based
on the Rome Diagnostic Criteria functional dyspepsia (FD)
is made[12,13]. In the assumption that symptoms may predict
specific underlying pathophysiology of FD it has been
suggested that patients be subdivided in accordance with
symptom clusters[12] such as ulcer-like and dysmotility-like
dyspepsia or, more recently, with the predominant symptom[13].
Several studies have looked for possible correlation between
symptoms and pathophysiological abnormalities such as
Helicobacter pylori infection, visceral hypersensitivity and
abnormal motor function of the stomach. Up to 40% of
patients with FD evaluated in referral centers have delayed
gastric emptying[14] and 40% impaired postprandial relaxation
of the proximal stomach[15]. So far however, there is little
evidence [16] that gastric motor abnormalities correlate
unequivocally with different symptom clusters[17-19] and not
even in those patients with dysmotility-like dyspepsia,
referring symptoms suggestive of an abnormal motor
function of the stomach such as postprandial fullness, nausea,
early satiety and vomiting. Female gender, and, severe and
predominant, postprandial fullness and vomiting have been
reported to be associated with delayed gastric emptying[20],
a finding not confirmed in a subsequent study[21] performed
in a large cohort of patients with dysmotility-functional
and organic (i.e., diabetic) dyspepsia. Drowsiness is a
subjective experience often reported after food ingestion
and it has been shown that solid meal results in a decreased
sleep onset latency in healthy volunteers[22].
Patients with functional dyspepsia complain of several
gastrointestinal (GI) and extra-GI symptoms[23], some of
the latter like drowsiness[24,25] and headache[24] are related to
meal ingestion. It is not known, however, whether postprandial drowsiness and other extra-GI symptoms have any
relationship with gastric functions.
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An enlarged fasting antral volume assessed by
ultrasonography (US)[26,27] is an additional finding in patients
with FD but its relationship, if any, with delayed gastric
emptying is not known.
We, therefore aimed to evaluate in functional dyspeptic
patients whether and which symptoms either GI or extra-GI
are related to, and might predict, delayed gastric emptying
of a regular meal. Additional aim was to assess whether the
US measurement of basal antral volume may predict the
modality of gastric emptying.

MA
TERIALS AND METHODS
MATERIALS
Two hundred and ten consecutive patients referring
symptoms of dyspepsia (140 F; age 42.8±12.5 years,
mean±SD) referred to the gastroenterology outpatient clinic
were assessed. Functional dyspepsia was defined as persistent
or recurrent pain or discomfort centered in the upper
abdomen for at least 3 mo in the preceding 12 mo, in the
absence of any known organic disease that is likely to explain
the symptoms[12,13] and no evidence that dyspeptic symptoms
were exclusively relieved by defecation or associated with
the onset of a change in stool frequency or stool form[13].
Organic abnormalities, psychiatric illnesses, history of
alcohol abuse, use of NSAIDs, steroids or drugs affecting
gastric functions, previous surgery of the GI tract (except
appendectomy and cholecystectomy) and systemic disorders
were ruled out by history, clinical examination, biochemical
investigations, upper GI endoscopy, and transabdominal US.
Dyspeptic patients with Rome diagnostic criteria of irritable
bowel syndrome (IBS) and/or referring heartburn and/or
regurgitation as predominant or frequent symptoms, were
excluded from the study.
Epigastric pain and upper abdominal discomfort were
graded 0-4 according to its influence on patient’s daily
activities: 0, absent; 1, mild (present but easily bearable if
distracted by usual activities); 2, moderate (bearable but
not influencing usual activities); 3, relevant (influencing usual
activities); 4, severe (interruption of usual activities).
Patients were enrolled into the study if symptomatic at
the time of evaluation with a symptom score value of 2
for epigastric pain or discomfort.
Overall 102 patients (67 F, age 46±13.2 years, mean±SD)
were excluded from the study because of the following
diagnosis: gastroesophageal reflux disease, 52; IBS, 15; peptic
ulcer, 14; migraine, 16; psychiatric disorders, 3; celiac disease, 2.
One hundred and eight patients with functional dyspepsia
entered the study (73 F, age 42±12.5 years, mean±SD).
Twenty-eight healthy asymptomatic volunteers (10 F, mean
age 31±5.5 years, mean±SD) were also investigated. None
of them had GI disorders or symptoms or were taking
medications of any kind. None had been previously
submitted to surgery of the GI tract.
Informed consent was obtained from each subject and the
study protocol was approved by the local ethics committee.
Analysis of symptoms
Consecutive patients were interviewed with a standardized
questionnaire[28] made of 50 items, inquiring on demography
(5 items), daily habits (10 items) that included meal timing

July 28, 2005

Volume 11

Number 28

and composition, alcohol consumption, smoking and sleep,
past medical history (3 items), GI symptoms (15 items),
gastroesophageal symptoms (4 items), bowel pattern (7 items),
and somatic extra-GI symptoms that included 5 items as
indicated in a previously published study[23]. Postprandial
drowsiness, defined as a state of impaired awareness
associated with a desire or inclination to sleep[29] was also
included in the questionnaire since this meal-related symptom
has been reported[2] and confirmed by personal observations,
to be bothersome in dyspeptic patients. Dyspeptic symptoms
were defined according to Rome criteria[12,13].
Frequency and time relationship with meal assumption
was assessed for each investigated symptom and, relationship
of drowsiness with sleep disturbances was specifically
looked for.
In addition patients were requested to refer any other
symptom they considered to be bothersome and relating to
meal ingestion.
Assessment of gastric emptying
Gastric emptying was evaluated with US according to
previously validated and standardized methods[30-34]. Gastric
antral volume was evaluated by US according to previously
published methods [33,34] with a 4 MHz linear probe and
3.5 MHz convex probe (Toshiba SAL 38B, Tosbee, Toshiba,
Japan).
All drugs affecting the GI tract were discontinued at
least 3 d before the gastric emptying studies. Subjects
refrained from smoking for a 12-h period preceding, and
during, the examination. After an overnight fast the subjects
ate an ordinary standard solid 1 050 kcal meal containing
140 g bread, 70 g cheese, 80 g ham, (50% carbohydrates,
25% lipids, 25% proteins), 3.5 g alimentary fibers, 250 mL
of water. The time of meal ingestion did not exceed 30 min
(range 15-30 min). Gastric antral US measurements were
performed by the same operator with the subjects standing
in the upright position, in fasting condition, immediately,
and at 30 and 60 min after the end of the meal ingestion,
and at 60-min intervals thereafter over a total period of
300 min. In the intervals between measurements subjects
could move freely.
Delayed gastric emptying was defined as the final antral
volume (i.e., gastric antral volume at 300 min after meal
ingestion) exceeding the mean value plus 2SDs of the 28
healthy volunteers (31 mL).
Statistical analysis
Descriptive statistics as median values and interquartile
ranges were calculated. Box-plots[35] were used for inter-group
comparison of antral volume distributions. The Mann-Whitney
test[35] was used to compare the median values of antral
volume between healthy controls, FD patients with delayed
and those with normal gastric emptying.
Sensitivity and specificity of each symptom for three
different threshold levels of fasting antral volume were
calculated. Odds ratios (OR) were also calculated as a
synthetic measure of both sensitivity and specificity[35].
Logistic regression analysis[36] was then applied to estimate
crude and adjusted odds-ratios (AOR) and 95% confidence
intervals (95%CI) of having delayed gastric emptying for
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each symptom, fasting antral volume, gender, age, and body
mass index (BMI). In addition, we reported results from
two multivariate logistic regression analyses, respectively,
without and with fasting antral volume, obtained through a
backward selection strategy having excluded factors with a
log-likelihood P-value >0.20[35]. Two-sided P values were
defined statistically significant when P<0.05, and marginally
significant when 0.05<P<0.2.
Estimated coefficients from multivariate logistic
regression were used to calculate the probability of having
(or not having) delayed gastric emptying. Through these
probabilities, it is possible to calculate sensitivity, specificity,
and the percentage of patients correctly classified[36]. All
the analyses were performed using STATA release 5.0[37].

RESUL
TS
RESULTS
Figure 1 shows antral volume values before, immediately,
and in the 300 min after meal ingestion in normal controls
and in functional dyspeptic patients with normal and delayed
gastric emptying.
In healthy volunteers, the mean gastric antral volume
was 13±5 mL in the fasting state and reached its maximal
value at the end of meal ingestion (67±24 mL), then
decreased almost linearly to reach 18±6.5 mL at the end
of the study. In FD patients, the mean fasting antral volume
was 14±8 mL (ns vs controls) and reached its maximal value
at the end of the meal (53±21 mL) (ns vs controls), then
decreased to reach the final value of 30±16 mL (P<0.0001
vs controls).
Gastric emptying was delayed in 43 (39.8%) patients
(28 F; mean age 41.4 years; range 23-64 years) and their
final AV was 46±11 mL (Figure 1). The mean fasting AV
(17±10 mL) was larger in patients with delayed gastric
emptying than in those with normal gastric emptying
(12±5 mL, P = 0.005, Figure 1). The mean delta variation
between fasting and final antral volume was 29±14 mL in
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dyspeptic patients with delayed gastric emptying and 7±8 mL
in those with normal gastric emptying (P<0.0001).
Frequency, as well as sensitivity, specificity, and
crude OR in predicting delayed gastric emptying of each
of the GI and extra-GI symptoms reported by at least eight
patients as well as fasting antral volume are reported in
Table 1. Delayed gastric emptying was not related to age
(OR = 1.03; P = 0.84), gender (OR = 0.7; P = 0.4), while
there was a marginally significant inverse association, with
BMI (OR = 0.89 per 1 kg/m2 increase; P = 0.06, data not
shown in Table 1).
None of the patients with post-prandial drowsiness
complained of sleeplessness.
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Figure 1 Box-and-whiskers plots of gastric antral volume before (fasting),
immediately (0) at 30- and 60-min intervals, after the end of the ingestion of a
standard meal, in controls (left) and in dyspeptic patients with normal (middle) and
delayed (right) gastric emptying. The boxes at each time unit extend from the 25th
percentile (x[25]) to the 75th percentile [x[75], i.e., the interquartile range (IQ)]; the lines
inside the boxes represent the median values. The line emerging from the boxes
(i.e., the “whiskers”) extend to the upper and lower adjacent values. The upper
adjacent value is defined as the largest data point x[75]+1.5 X IQ, and the lower
adjacent value is defined as the smallest data point x[25]-1.5 X IQ. Observed
values more extreme than the adjacent values, if any, are individually plotted
(circles). The widths of the boxes are proportional to the number of observations
available at each time unit.

Table 1 Prevalence, sensitivity and specificity and crude OR for delayed gastric emptying of symptoms and of fasting antral volume at three
cut-off levels
Prevalence %

Sensitivity %

Specificity %

OR

Pain centered in the upper abdomen

45.4

58.1

63.1

2.37

Discomfort centered in the upper abdomen

79.6

81.4

21.5

1.20

Upper abdominal bloating

84.3

88.4

18.5

1.72

Fullness

68.5

62.8

27.7

0.64

Early satiety

45.4

48.8

56.9

1.26

Nausea

42.6

53.5

64.6

2.10

Heartburn

26.9

34.9

78.5

1.95

Epigastric burning

11.1

9.3

87.7

0.73

Belching

74

74.4

26.1

1.03

Vomiting

27.8

20.9

67.7

0.55

Acid regurgitation

19.4

23.3

83

1.48

Drowsiness

16.7

32.6

93.9

7.36

Headache

41.7

46.5

61.5

1.39

Palpitation

7.4

6.9

92.3

0.90

Fasting antral volume (mL)
<10 mL (reference group)

33.3

18.6

43

1.09

10–14 mL

34.3

39.5

30.8

2.97

>15 mL

32.4

41.9

26.2

3.71
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Table 2 AOR with 95%CI of having delayed gastric emptying on the basis of symptoms and fasting antral volume (FAV)
Without FAV and BMI
AOR

With FAV and BMI
95%CI

AOR

95%CI

Pain centered in the upper abdomen

3.74

1.34-10.41

2.78

0.92-8.41

Nausea
Postprandial fullness

2.92
0.41

1.15-7.44
0.14-1.14

3.51
0.27

1.19-10.32
0.08-0.84

Discomfort centered in the upper abdomen
Vomiting

3.42
0.44

0.88-13.25
0.15-1.31

4.59
0.32

0.99-21.20
0.09-1.11

Heartburn
Drowsiness

9.37

2.47-35.45

2.31
11.25

0.80-6.71
2.75-45.93

0.89
1.93

0.77-1.02
1.22-3.05

BMI
Fasting antral volume1

-

-

FAV: Fasting antral volume; AOR: adjusted odds-ratio. 1AOR estimated per 5 mL increase (e.g., a FAV of 20 mL vs 15 mL).

The AOR for symptoms with or without fasting antral
volume and BMI included in the multivariate analyses are
shown in Table 2. Not taking into consideration fasting antral
volume and BMI in the multivariate analyses, upper
abdominal pain, nausea, and drowsiness showed a statistically
significant association, whereas upper discomfort showed
only a marginally significant association with delayed gastric
emptying. Post-prandial fullness or vomiting showed a
marginally significant association with normal gastric
emptying. Including fasting antral volume and BMI in the
multivariate analyses, nausea and drowsiness were highly
significantly associated with delayed gastric emptying, while
upper abdominal pain, upper abdominal discomfort, and
heartburn were only marginally significantly associated with
delayed gastric emptying. Post-prandial fullness showed a
highly significant, and vomiting a marginally significantly,
association with normal gastric emptying. Fasting antral
volume was significantly associated with delayed gastric
emptying increasing the OR of 93% for any additional
volume increase of 5 mL. BMI showed a marginally
o

Sensitivity

o

Specificity

Sensitivity/specificity

1.00
0.75
0.50
0.25
0.00
0.00

0.25
0.50
0.75
Probability cut-off

1.00

Figure 2 Proportion of patients with delayed and normal gastric emptying who
where correctly classified on the basis of their predicted probabilities obtained
from the estimated coefficients of the second model reported in Table 2 (i.e.,
sensitivity and specificity, respectively). These proportions are plotted with cutoff levels varying between 0 and 1 (see “lsens” function in Ref. [37]). As expected,
when the cut-off value is close to zero all individuals with an actual delayed
gastric emptying will be correctly classified and thus having a very high
sensitivity. In contrast, with very low cut-off values also those having a normal
gastric emptying will be classified as “delayed” by the model and thus having
a very low specificity. As the cut-off value used for classification increases, the
model will provide the worst performances for the sensitivity and the best
performances for the specificity. Circles identify sensitivity and squares specificity.
Arrow indicates the probability cut-off value of 0.398, i.e., the estimated prevalence
of delayed gastric emptying in this sample.

significant inverse association with delayed gastric emptying
with an OR decrease of 11% for any 1 kg/m2 increase.
Using other two different cut-points (29 and 33 mL),
instead of 31 mL, as discriminant final antral volume for
normal and delayed gastric emptying, all the results of
univariate and multivariate analyses did not vary.
Furthermore probabilities of having delayed gastric
emptying were assessed with the selected symptoms, fasting
antral volume, and BMI as reported from the second model
(Table 2 and Figure 2). Sensitivity and specificity of the
applied model are plotted for different values of estimated
prevalence of delayed gastric emptying ranging from 0 to 1.
At the cut-off value of 0.398, i.e., the estimated prevalence
of delayed gastric emptying in this sample, sensitivity and
specificity were about 78% with a correct classification of
73.3% of the patients. Applying a model based on selected
symptoms only, the estimated sensitivity and specificity were
negligibly lower, than those obtained with the model
including fasting antral volume and BMI, with a correct
classification of 68.1% of the patients at the cut-off value
of 0.398 (data not shown).

DISCUSSION
In the attempt to clarify the pathophysiology of symptoms
in functional dyspepsia it has been proposed to classify
patients with functional dyspepsia into clinically distinct
subgroups on the basis of symptom clusters[12]. Thus the
presence of the variable combination of upper abdominal
bloating, upper abdominal fullness, early satiety, nausea,
belching, retching, and vomiting have been regarded as
suggestive of impaired gastric motor activity[38-40]. However
several studies[16-19] have so far failed to demonstrate in this
subgroup of patients a close correlation between symptoms
and disturbances of motor function. More recently[13] it
has been proposed to classify dyspeptic subgroup on the
basis of the predominant symptom. Nevertheless two
studies[15,20] in the attempt to assess the relationship between
predominant symptoms and gastric dysfunction reported
non-univocal results in populations that did not exclude
patients with IBS and gastroesophageal reflux disease
(GERD). Delayed gastric emptying was independently
associated with severe post-prandial fullness and severe
vomiting in the first study[20] and with severe nausea in the
second one[15] that also reported early satiety as specifically
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associated with impaired gastric accommodation to a meal.
In both studies, however, the association between the
mentioned symptoms and the altered gastric function was
not a universal finding but limited to a subgroup of patients.
The uncertainty of the matter is further illustrated by a
third study[21] that failed to find an association between any
of the dyspeptic symptoms, as well as their severity, and
delayed gastric emptying.
Although reported in previous studies[23-25] and frequently
referred by dyspeptic patients little attention has been paid
to other symptoms not referable to the GI tract. The present
study aimed to assess whether single GI or extra-GI
symptoms and the simple non-invasive US measure of the
gastric antral volume in fasting condition could predict the
presence of delayed gastric emptying, in a group of
dyspeptic patients in whom symptoms of IBS and GERD
were excluded.
The present study differs from the previous ones also
for other aspects. A meal having the same composition of
a normal everyday lunch was used in the present study
whereas unusual experimental and/or low caloric meals
( 700 kcal)[17-19] used previously might have not sufficiently
challenged the upper GI function. Most of the previously
published studies evaluated gastric emptying with the
scintigraphic technique that, differently from the US
technique, assesses the emptying of the radiolabeled
component of the meal rather than of the entire postcibal
gastric contents. In addition previous scintigraphic studies
have assessed the gastric emptying rate or t 1/2 gastric
emptying time extrapolated from a limited observation period
after meal ingestion, two variables that had been shown to
be unable to express final gastric emptying time in functional
dyspeptic patients[41]. The serial US measurements of the
antral volume enables to assess two relevant aspects of the
gastric function, i.e., the antral volume, which is the
expression of antral distension and the final gastric emptying
time. The former cannot be assessed with scintigraphy and
the latter has been shown to be the variable that best
correlates with the scintigraphic method and to discriminate
patients with delayed gastric emptying from controls[30-32,42].
In the present study extra-GI symptoms were reported by
53.7% of the patients. Of relevance is that of all investigated
symptoms, including GI symptoms usually regarded
characteristic of dyspepsia, post-prandial drowsiness is the
one that most correlates with, and is the best predictor of,
delayed gastric emptying. Also nausea and pain centered in
the upper abdomen, albeit to a lesser degree than post-prandial
drowsiness, showed a statistical correlation with delayed
gastric emptying. Differently from typical abdominal
dyspeptic symptoms, drowsiness showed a high specificity
in predicting delayed gastric emptying. The other most
frequently referred extra-GI symptoms such as headache
and palpitation were not statistically related with delayed
gastric emptying. Drowsiness can occur in several
neurological conditions, including autonomic failure and
truncal vagotomy. In none of the investigated patients
drowsiness could be explained with any detectable disorders.
In healthy subjects it has been shown that in comparison
with an equal volume of water and equicaloric liquid meal,
solid meal results in a decreased sleep onset latencies[22].
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Furthermore it has been reported a transient decrease in
sleep latency after consuming a meal compared to sham
feeding[43]. These results together with the observation of a
increased feeling of drowsiness after intravenous injection
of CCK administration[44], support the hypothesis of a GI
effect on postprandial sleepiness. It is conceivable that meal
ingestion may release CCK and other neuroendocrine
substances, such as serotonin, or activate nervous afferences,
that affect the state of consciousness and delay gastric
emptying. Alternatively prolonged postprandial antral
distension may participate via vagal afferences in the
activation of central nervous network regulating the state
of consciousness. The sensation of drowsiness may vary
from slight to severe and be related to sleep disturbances.
Postprandial drowsiness reported in the present investigation
refers to a sensation regarded to be bothersome enough to
interfere with the daily activities and it was not related to
sleeplessness.
In addition this study shows that the fasting antral volume
of 15 mL is the cut-off value that may be used to predict
delayed gastric emptying. Adjusting data for fasting antral
volume and BMI, the following symptoms: nausea and
drowsiness appear to be significant independent predictors
of delayed gastric emptying.
None of the symptoms conventionally considered to
be manifestation of dyspepsia was of value to discriminate
between patients with normal and delayed gastric emptying.
The different results of the present study from previously
mentioned scintigraphy-based studies, may be due to the
use of a different technique and/or the different selection
of the patients and/or the different assessment of patient’s
symptoms[20].
Alternatively, the different results may express a different
underlying dysfunction for some of the dyspeptic symptoms.
So it may be hypothesized that in patients with functional
dyspepsia early satiety [15] is mainly related to impaired
relaxation of the proximal stomach; postprandial fullness
and vomiting to a reduced rate of gastric emptying [20];
post-prandial drowsiness, nausea, to a delayed final gastric
emptying.
This study confirms [26,27] the frequent occurrence in
patients with FD of an abnormally distended antral volume
during fasting. Whether increased antral volumes may reflect
hypotonia of the antral muscular wall or intraluminal
distension secondary to gastric retention could not be
addressed in the present study.
An increased final antral volume does not necessarily
indicate delayed gastric emptying as it may coexist with a
normal gastric emptying rate if the fasting antral volume is
increased. In the present study, however, the mean final
antral volume of dyspeptic patients with delayed gastric
emptying exceeded the fasting antral volume of 28 mL
indicating the presence of a genuine slowing of the gastric
emptying rate.
To identify the cut-off level of 31 mL to discriminate
normal and delayed gastric emptying we used data from a
control group of healthy people. Similar results were
obtained with additional assessments based on other cut-off
levels chosen below and above 31 mL. Compared to our
patients the control group had a lower percentage of women
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and a younger age. However, these differences did not
affect the results because these two factors (age and gender)
did not have, in the multivariate analysis, any relationship
with the gastric emptying. This study confirms previous
observations of a statistical correlation between BMI and
delayed gastric emptying [20] . This relationship may be
interpreted as an effect of gastric dysfunction often
associated with symptoms, such as nausea or pain that limit
food ingestion. Patients with eating disorders may be
underweight and show abnormal gastric function. In the
present study patients with such disorders were excluded
and the finding of equally delayed gastric emptying in both
genders would support that eating disorders were not present.
We did not routinely test for H pylori in this study, but there
is no evidence that Hp infection has any relationship with
symptoms and delayed gastric emptying in functional
dyspepsia[45-49]. Thus, it seems unlikely that knowledge of
the Hp status would have altered the conclusions of the
present study.
In conclusion, the presence or, alternatively, the absence
of nausea and post-prandial drowsiness, appear to be
indicative of delayed or, respectively, normal gastric
emptying in functional dyspeptic patients.
Interestingly, despite that the symptom of post-prandial
drowsiness is often reported by dyspeptic patients and in
some of them it may be the predominant disturbance, it
has not been considered part of the definition of dyspepsia.
This study shows that post-prandial drowsiness is the
symptom that most correlates with delayed gastric emptying
and would suggest including it in the clinical definition of
functional dyspepsia.
Although it would appear that in FD patients an analysis
of dyspeptic symptoms and fasting antral volume can offer
valuable indication on the modality of gastric emptying,
their ability, either alone or in combination, of correctly
classifying individuals with or without delayed gastric
emptying was not greater than 73%.
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with epithelial cells in bile ductules. ICAM-1 expression at
protein level was confirmed by Western blot. In situ
hybridization demonstrated ICAM-1 mRNA expression in
bile ductules and LFA-1 mRNA in lymphocytes infiltrating
the bile ductules. By immunoelectron microscopy, ICAM1 was demonstrated on the basal surface of epithelial cells
in bile ductules and on the luminal surfaces of cholangiocytes
in damaged CoH. Cells with intermediate morphology
resembling progenitor cells in CoH were not labeled with
ICAM-1 and LFA-1.
CONCLUSION: De novo expression of ICAM-1 both on
mature cholangiocytes in CoH and epithelial cells in bile
ductules in PBC implies that lymphocyte-induced destruction
through adhesion by ICAM-1 and binding of LFA-1-expressing
activated lymphocytes takes place not only in bile ductules
but also in the CoH.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: To examine the expression of intercellular adhesion
molecule-1 (ICAM-1) and lymphocyte function-associated
antigen-1 (LFA-1) expression on canals of Hering (CoH)
and bile ductules associated with the autoimmune process
of bile duct destruction in primary biliary cirrhosis (PBC).
METHODS: Ten wedged liver biopsies of PBC (five cases
each of stages 2 and 3) were studied. The liver specimens
were processed for transmission electron microscopy.
Immunohistochemistry was performed using anti-ICAM1 and anti-LFA-1 mouse mAbs. In situ hybridization was
done to examine the messenger RNA expression of ICAM1 in formalin-fixed, paraffin-embedded sections using
peptide nucleic acid probes and the catalyzed signal
amplification (CSA) technique. Immunogold-silver staining
for electron microscopy was performed using anti-ICAM
and anti-LFA-1 mouse mAbs. The immunogold particles
on epithelial cells of bile ductules and cholangiocytes of
CoH cells were counted and analyzed semi-quantitatively.
Western blotting was performed to confirm ICAM-1 protein
expression.
RESULTS: In liver tissues of PBC patients, immunohistochemistry showed aberrant ICAM-1 expression on the
plasma membrane of epithelial cells lining bile ductules,
and also on mature cholangiocytes but not on hepatocytes
in CoH. LFA-1-positive lymphocytes were closely associated

Key words: Primary biliary cirrhosis; Canal of Hering; Small
bile ductile; ICAM-1; LFA-1; Immunohistochemistry; Western
blot; Immunogold electron microscopy
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INTRODUCTION
The canal of Hering (CoH) is named after Hering who in
1855 described the structure as a link between the hepatocyte
canalicular system and biliary tree[1]. Under the electron
microscope, the small cells of CoH have a basement
membrane like the more distal portions of the biliary tree
but an apical surface that appears similar to hepatic canalicular
membrane[2]. Functionally, bile canalicular contraction is
involved in the canalicular bile flow as demonstrated by an
inverted microscope linked to a SIT camera, and disturbance
of canalicular contraction would lead to intrahepatic
cholestasis[3]. Moreover, contraction of the CoH has been
demonstrated, and the interval between contractions was
approximately five times longer than that seen in canaliculi[4].
Hepatic cholestasis and hepatic injury are accompanied with
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striking morphologic changes. Examination of periportal
changes in the liver of graft-vs-host disease mice shows that
hepatocytes in close contact with lymphocytes had minor
degenerative changes, whereas periportal bile ductules and
CoH are constantly injured by inflammatory cells[5]. Study
of the three-dimensional structure of ductular reactions in
massive necrosis suggests that cytokeratin 19-positive reactions
are in fact proliferations of the cells lining the CoH[6].
Primary biliary cirrhosis (PBC) is a chronic, progressive
cholestatic liver disease characterized by inflammatory
obliteration of the intrahepatic bile ducts, leading to fibrosis
and ultimately to cirrhosis complicated by liver failure or
hypertention[7,8]. Although the pathogenesis of bile duct
destruction in PBC remains unknown, increasing evidence has
suggested that it is related to autoimmune abnormalities[8-10].
Immunohistochemical analysis of the lymphocytes infiltrating
the portal tracts including the bile duct lesions indicates that
activated T lymphocyte subsets may play an important role
in bile duct destruction[11]. Therefore bile ducts (centrally
located, accompanied by a hepatic arterial branch) are the
prime targets for immune-mediated damages in PBC and
are reduced in number as the disease progresses. Bile ductules
(peripherally located, usually without a conspicuous lumen)
increase in number in response to bile duct damage (ductular
reaction). Bile ductules are frequently associated with a mixed
population of inflammatory cells. However, there is no clear
evidence that these inflammatory cells are associated with
bile ductular destruction[12]. Recent studies have demonstrated
increased expression of intercellular adhesion molecule
(ICAM)-1 on the bile duct epithelium in PBC[13,14], suggesting
that the activated T lymphocytes may specifically react with
the bile duct epithelial cells through these adhesion molecules.
Expression of intracellular adhesion molecules and their
specific ligands are essential for cell-to-cell interactions in
autoimmune mechanism[15]. In PBC, ICAM-1 is expressed on
plasma membrane of epithelial cell in bile ducts characterized
by chronic non-suppurative destructive cholangitis (CNSDC)
and on the sinusoidal endothelial cells[16,17]. While immunohistochemical findings of ICAM-1 and lymphocyte functionassociated antigen (LFA)-1 expression in PBC tissue have
been reported[17], no studies have correlated protein expression
of the antigens on CoH by examining serial sections using
immunoelectron microscopy. The aim of the present study
was to clarify the roles of ICAM-1 and LFA-1 expression
on the bile ductule and CoH in PBC. The aim of the present
study was to clarify ICAM-1 and LFA-1 expression on the
bile ductule and CoH in PBC. We conducted immunohistochemistry, in situ hybridization and immunoelectron
microscopy on liver biopsy specimens from PBC patients.

MA
TERIALS AND METHODS
MATERIALS
Materials
Surgical liver biopsy specimens were obtained from 10 patients
(all female, mean age 55.9 years, range 48-65 years) with
PBC (five cases each of Scheuer’s stages 2 and 3). PBC
was diagnosed clinically and histologically according to the
criteria proposed by the Japanese Joint Research Group
for Autoi-mmune Hepatitis[18]. As controls, wedge biopsy
specimens from normal portions of the liver were obtained
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from five patients (four male and one female; aged from 54
to 71 years with a mean of 62.6 years) who underwent
surgical resection for metastatic liver carcinoma (four colonic
carcinomas).
Electron microscopy
The liver specimens were cut into small blocks (approximately
1 mm×1 mm×1 mm). The blocks were fixed in fresh 2.5%
glutaraldehyde solution for 1 h at 4 , followed by postfixation in 2% osmium tetroxide with 0.1 mol/L cacodylate
buffer (pH 7.4), and then dehydrated in a graded series of
ethanol solutions. For transmission electron microscopy, the
liver tissue blocks were embedded in Epon after dehydration.
Ultrathin sections were cut with a diamond knife on a LKB
ultramicrotome (Bromma), stained with uranyl acetate and
lead citrate and observed under a transmission electron
microscope (JEM-1200 EX, JEOL, Tokyo, Japan) with a
80-kV acceleration voltage.
Immunohistochemical staining
Liver tissues (approximately 5 mm×5 mm×5 mm) were fixed
in periodate-lysine-parafomaldehyde[19], rinsed in 0.01 mol/L
phosphate buffer (pH 7.4) containing 15-30% sucrose,
embedded in Tissue-Tek OCT-compound (Miles Inc., Elkhart.
Inc., Germany) and frozen at -80 until use. The tissue was
incubated overnight at 4 with anti-ICAM-1 mouse mAb
(CD54; DAKO, Glostrup, Denmark) diluted at 1:50 or antiLFA-1 mouse mAb (CD11a; DAKO, Glostrup, Denmark)
diluted at 1:20, and then incubated with horseradish peroxidaseconjugated anti-mouse IgG goat antibody (Cosmo Bio Inc.,
Tokyo, Japan) diluted 1:100. After repeated washes with
PBS, the sections were reacted with diaminobenzidine
solution containing 0.01% H2O2, and counterstained with
hematoxylin for light-microscopic study.
In situ hybridization technique
Messenger RNA of ICAM-1 was detected in formalin-fixed,
paraffin-embedded sections by in situ hybridization using
peptide nucleic acid (PNA) probes[20] and the catalyzed signal
amplification (CSA) technique. Liver tissues were cut into 4
µm-thick sections and adhered to silanated RNAse-free glass
for 30 min).
slides (prepared by heating in an oven at 60
The sections were dewaxed in xylene (for 15 min, each
twice), treated with a graded ethanol series, rehydrated in
RNAse-free distilled water, and incubated for 30 min in
target retrieval buffer (DAKO Japan, Kyoto, Japan)
preheated and maintained at 95 . The slides were allowed
to cool at room temperature for 20 min and then digested
with 20 µg/mL proteinase K (DAKO) at room temperature
for 30 min. The slides were rinsed in distilled water and
rapidly air dried. The air-dried sections were covered with
approximately 15 mL of hybridization solution containing
100 g/L dextran sulfate, 10 mmol/L NaCl, 300 mL/L
for mamide, 1 g/L sodium pyrophosphate, 2 g/L
polyvinylpyrrolidone, 2 g/L Ficoll, 5 mmol/L Na2EDTA,
50 mmol/L Tris-HCl, pH 7.5, and 1 µg/mL PNA probe.
Probes were constructed according to the sequence information
of ICAM-1 and LFA-1[21,22]. The following probes were used:
ICAM-1 antisense (FITC-ATTATGACTGCGGCTGC),
ICAM-1 sense (FITC-GCAGCCGCAGTCATAAT),
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LFA-1 antisense (FITC-CATCCAGCTGCAGAGTGT), and
LFA-1 sense (FITC-ACACTCTGCAGCTGGATG). The
slides were evenly covered with the hybridization solution
for 90 min.
and incubated in a moist chamber at 43
Following hybridization, the cover slips were removed, and
the slides were transferred to pre-warmed TBS in a water
and washed for 30 min with gentle shaking
bath at 49
(PNA Hybridization Kit; DAKO, Tokyo, Japan). A nonisotopic, colorimetric signal amplification system (GenPoint
kit, DAKO Japan) was used to visualize specific hybridization
signals. Briefly, tissue sections were incubated with a FITC–
horseradish peroxidase reagent for 15 min, washed thrice
with TBST (150 mmol/L NaCl, 10 mmol/L Tris; pH 7.5,
11 mL/L Tween 20), incubated with a solution containing
H2O2 and biotinyl tyramide for 15 min, and washed thrice
with TBST[23]. This step resulted in CSA by additional deposition
of biotin at the site of probe hybridization. The sections
were then incubated in streptavidin-horseradish peroxidase
for 15 min, and washed thrice in TBST. Colorimetric signals
were developed by incubation in diaminobenzidine solution
containing 0.01% H2O2, and counterstained with hematoxylin
for light microscopic examination.
Immunogold-silver staining method for electron microscopy
For light microscopy, the sections were immersed in three
changes of 0.01% PBS (pH 7.4) for 15 min, and then
with antiincubated overnight in a moist chamber at 4
ICAM-1 mouse mAb at 1:50 dilution and anti-LFA-1 mouse
mAb at 1:20 dilution. After washing thrice with PBS for
15 min, the sections were incubated for 40 min with 10-nm
colloidal gold-conjugated anti-mouse IgG antibody (Cosmo
Bio Co., Tokyo, Japan) diluted at 1:100. The slides were
developed with a developing solution described below for
in a dark room. After having washed in
50 min at 20
running water, the sections were briefly counterstained with
0.1% nuclear fast red in 5% aluminum sulfate aqueous
solution, dehydrated, cleared and mounted on Biolet. The
developing solution had two components. Solution A
contained 45 mL of 20% gum arabic aqueous solution
(Kanto Chemical Co., Tokyo, Japan) and 1 mL of 10%
silver nitrate solution. The gum arabic solution was prepared
by centrifuging a 20% suspension at 18 000 g for 30 min at
and separating the supernatant for use. Solution B
0
contained 200 mg of hydroquinone (Kanto Chemical Co.,
Tokyo, Japan) and 300 mg of citric acid monohydrate
(Kanto Chemical Co., Tokyo, Japan) in 10 mL of distilled
water. The working developing solution was prepared by
mixing solutions A and B in a dark room under illumination
of a photographic safety lamp[24].
For electron microscopy, the tissue specimens processed
for light microscopy as above were treated thrice, with PBS
for 15 min, and fixed for 1 h at 4 in 1.2% glutaraldehyde
buffered with 0.01% phosphate buffer (pH 7.4), followed
by a graded series of ethanol solutions. After postfixation
with 1% osmium tetroxide in 0.01% phosphate buffer (pH
7.4), the liver tissues were embedded in Epon. Ultrathin
sections cut with a diamond knife on a LKB ultramicrotome
were stained with uranyl acetate and observed under a
transmission electron microscope (JEM-1200 EX, Tokyo,
Japan) operated at an acceleration voltage of 80 kV.
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Western blotting
Western blotting was conducted using fresh control and PBC
liver tissues. Briefly, liver tissues were homogenized in 10
volumes of homogenization buffer (20 mmol/L Tris-HCl;
pH 7.5, 5 mmol/L MgCl2, 0.1 mmol/L PMSF, 20 µmol/L
pepstatin A, and 20 µmol/L leupeptin) using a polytron
homogenizer at setting 7 for 90 s. The homogenates were
centrifuged at 100 000 g for 45 min. The membranes were
washed thrice, resuspended in 10 volumes of homogenization
buffer, homogenized using a Teflon/glass homogenizer, and
centrifuged. The membrane proteins thus obtained were
used for immunoblotting. Proteins were separated on
SDS/PAGE (4-20% gel, Daiichi-Ikagaku, Tokyo, Japan)
and transferred onto polyvinylidene difluoride (PVDF)
membranes (Millipore, Bedford, MA). The blots were blocked
with 50 g/L dried milk in PBS for 30 min, incubated with 20
µg/mL anti-ICAM-1 (G-5; Santa Cruz Bio., Santa Cruz,
CA, USA), washed in 0.1% Tween 20 in PBS, and transferred
onto PVDF membranes (NTN Life Science Products). The
blots were blocked with 50 g/L dried milk in PBS for 30
min, incubated with anti-mouse goat IgG conjugated with
horseradish peroxidase (Amershampharmacia) in 0.1%
Tween 20 in PBS, and then processed by the Vectastain
ABC system (Vector laboratories, Inc., Burlingame, CA,
USA). The immunoreactive bands were visualized with
diaminobenzidine solution containing 0.01% H2O2.
Semi-quantitative analysis
The immunogold particles on epithelial cells of bile ductules
and cholangiocytes of CoH cells were counted. Photographs
from 10 fields between the bile ductules and canal of Hering
were investigated. The magnification was ×2 000.

RESUL
TS
RESULTS
Electron microscopic finding
Electron microscopic observation of the PBC liver specimens
revealed lymphocytes associated with the bile ductular
membrane in bile ductules (Figure 1A). Lymphocytes
frequently migrated into the epithelial layer of CoH through
their basement membrane (Figure 1B).
Immunohistochemical finding
We examined the immunohistochemical reactions of both
ICAM-1 and LFA-1 in serial sections. In control liver
specimens, ICAM-1 protein was expressed on sinusoidal
lining cells but no specific immunoreactivity was observed
on bile duct epithelial cells (Figure 2A). Immunostaining
for LFA-1 appears to be present in portal lymphoid cells.
Interlobular bile ducts appear to be negative for LFA-1,
although there was sparse expression in bile duct epithelial
cells (Figure 2B). In PBC liver tissue, de novo expression of
ICAM-1 was found on the plasma membrane on the luminal
side of epithelial cells in bile ductules and on some
lymphocytes infiltrating small bile ductules or possibly small
blood vessels. ICAM-1 immunoreactivity was also seen on
the sinusoidal endothelial cells (Figure 2C). LFA-1 protein
was expressed mainly in lymphocytes around and among
the proliferated bile ductules (Figure 2D). Immunostaining
of ICAM-1 and LFA-1 in CoH was less clearly depicted by
immunostaining examined under a light microscope.
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Figure 1 Electron microscopic finding in small bile ductule and CoH in liver
specimen of PHC. A: Interaction of lymphocytes appear to interact with the bile
ductule. Lymphocytes frequently migrate into the epithelial layer of small bile
duct through the basement membrane. BD: bile ductule, ly: lymphocyte; B:
Association of lymphocytes with the cholangiocytes of the CoH. CoH: canal of
Hering. S: sinusoid, H: hepatocytes, Ly: lymphocytes, Bar: 5 µm.

Western blot
To confirm the immunohistochemical results, we investigated
ICAM-1 protein expression by Western blotting. Samples
containing 20 µg of protein were subjected to SDS/PAGE
(4-20% gel) and analyzed by blotting with anti-ICAM-1
antibody. A band around 110 ku indicating ICAM-1 was
found in abundance in PBC liver tissue (Figure 3).
In situ hybridization
Next, we investigated the expression of ICAM-1 and LFA1 at mRNA level in PBC liver samples using in situ
hybridization with PNA probes (Figure 4). Signals showing
ICAM-1 mRNA were typically localized in bile ductular

epithelial cells surrounding the CNSDC lesions (Figures 4A
and B). Interestingly, signals showing LFA-1 were localized
in lymphocytes inside the bile ductules of CNSDC lesions
(Figures 4C and D).
Immuoelectron microscopy
Light microscopic examination of PBC liver samples
depicted the localization of ICAM-1 and LFA-1 in bile
ductules, but the localization in the CoH was less clear.
We therefore conducted immunoelectron microscopic
examin-ation. By immunogold electron microscopy,
g o l d - labeled ICAM-1 particles were obser ved on
cholangiocytes, distributing on the luminal surfaces of
small bile ductules. ICAM-1 immunoreactivity was also
observed on small portal or peripheral blood vessels and
sinusoidal endothelial cells (Figure 5A). In the canal of
Hering, gold-labeled ICAM-1 particles were observed on
the luminal surfaces of cholangiocytes and hepatocytes
(Figure 5C). LFA-1 labeling was concentrated on
lymphocytes that were found around bile ductules
(Figure 5B) and also around cholangiocytes of CoH
(Figure 5D). Immature cells resembling progenitor cells
were observed in CoH, and these cells did not show
ICAM-1 immunoreactivity (Figure 5E). Around these cells,
infiltration of lymphocytes was also absent (Figure 5F).
In the semi-quantitative analysis, immunogold–silver
complex particles on epithelial cells of bile ductules and
cholangiocytes of CoH were enumerated on immunoelectron
micrographs (Figure 6). ICAM-1 immunoreactivity was
found in CoH in 4 of the 10 PBC cases and in bile ductules

A

B

C

D

Figure 2 Immunohistochemical distributions of ICAM-1 (A and C) and LFA-1 (B
and D) in control liver tissue (A and D) and liver tissue of PHC (C and D). A:
ICAM-1 protein expression on sinusoidal lining cells but no specific immunoreactivity
on bile duct epithelial cells in control liver specimens; B: LFA-1 immunoreactivity
in portal lymphoid cells, negative in interlobular bile ducts and sparse expression
in bile duct epithelial cells; C: Marked ICAM-1 immunoreactivity on the plasma
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membrane on the luminal side of bile ductules or possibly small blood vessels.
Some lymphocytes around the bile ducts were also positive for ICAM-1.
Arrowheads denote localization of ICAM-1 (arrows); D: LFA-1 immunoreactivity
in lymphocytes around and among damaged bile ducts (arrowheads). Original
magnification; ×400, hematoxylin counterstained.
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Figure 3 Western blot analysis of expression of ICAM-1 protein in human
control and PBC liver tissue. Samples containing 20 µg protein were subjected
to SDS/PAGE (4-20% gel) and analyzed by blotting. ICAM-1 was found in
abundance in PBC liver tissues. Lanes 2 and 3: PBC liver tissue, lane 1: control
liver tissue. Positions of molecular mass markers are shown (ku).

in 8 of the 10 cases. LFA-1 immunoreactivity was found in
CoH in 4 of the 10 PBC cases and in bile ductules in 7 of
the 10 cases. The extent of immunoreactivity (number of
immunogold particles per unit CoH or bile ductule) was
also stronger in bile ductules than in CoH. No immunogold–
silver complex particles for ICAM-1 and LFA-1 were found
in bile ductules and CoH of control liver tissues.
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DISCUSSION
Bile duct inflammation and destruction are the fundamental
lesions of PBC[25]. Interlobular bile ducts with external
diameters of 30-100 µm are selectively affected, displaying
variable necrotic and proliferative changes of biliary epithelial
cells, as well as periductal lymphoplasmacytic infiltration.
These findings are also frequently noted around damaged
bile ducts, especially in the early histologic stages of the
disease[25]. In our immunohistochemical study, ICAM-1 was
strongly expressed on damaged bile ducts and infiltrating
inflammatory cells, while LFA-1 was expressed on infiltrating
lymphocytes. The presence of ICAM-1/LFA-1 linkage has
been reported in CNSDC in PBC[16,17].
In our previous study, we correlated protein and mRNA
expression of ICAM-1 and LFA-1 by conducting immunohistochemical and in situ hybridization studies on serial
sections of CNSDC lesions[26]. We demonstrated abundant
protein and mRNA expression of ICAM-1 on damaged
biliary epithelial cells and LFA-1 on lymphocytes in CNSDC
lesions, strongly suggesting the ICAM-1/LFA-1 linkage[26].

A

B

C

D

E

F

Figure 4 Localization of ICAM-1 (A and B) and LFA-1 (C and D) mRNA at bile
ductules in PBC liver tissue by in situ hybridization with CSA. A: ICAM-1
mRNA was expressed in a cytoplasmic pattern on epithelial cells of bile ductile.
(A: ×100 and B: ×300) Arrowhead denotes reaction product; C: LFA-1 mRNA is
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expressed in a cytoplasmic pattern in lymphocytes around bile ductile. (C: ×100
and D: ×300). Negative controls: E: ICAM-1 sense probe, F: LFA-1 sense
probe. All panels: color was developed by DAB chromogen and hematoxylin
counterstained. Arrowhead denotes reaction product.
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Figure 5 Immunoelectron microscopic findings of ICAM-1 (A, C, and E) and
LFA-1 (B, D, and F) in periportal small bile ductule and canal of Hering in PBC
liver. A: Gold-labeled ICAM-1 particles on the surface of cholangiocytes
(arrowhead) facing the lumen of small bile ductule, a small portal or peripheral
blood vessel, and also on sinusoidal endothelial cells (arrowheads). BD denotes
bile ductule; B: Lymphocytes with dense labeling of LFA-1 (arrowhead) around
small ductule; C: Gold-labeled ICAM-1 particles on the luminal surfaces of

hepatocytes and cholangiocytes of CoH, on bile canaliculus and also on sinusoidal
endothelial cells (arrows); D: Lymphocytes densely labeled with LFA-1 (arrows)
on the basolateral membrane of cholangiocytes of the CoH; E: No ICAM-1
immunoreactivity show immature cells resembling progenitor cells (asterisk) in
CoH, and these cells; F: No infiltration of lymphocytes is observed around the
progenitor-like cells (asterisk). Bar, 5 µm; BD, bile ductile; Ly, lymphocyte;
CoH, canal of Hering; H. hepatocyte. Uranyl acetate stain.

Frequent and variable infiltration of lymphocytes, mainly
T cells, and other inflammatory cells of the biliary epithelium
has been reported in PBC[27]. Some lymphocytes infiltrate

by crossing the basement membrane of bile ducts. These changes
appear as necro-inflammatory lesions inside the basement
membrane of bile ducts and ductules.
Our immunoelectron microscopic study has confirmed
for the first time the ultrastructural localization of ICAM-1
on cholangiocytes and LFA-1 on infiltrating inflammatory cell
in damaged CoH. The lymphocytes and other inflammatory
cells then penetrated the peribiliary vascular plexus and portal
venules, and migrated into perivenular tissue toward the
bile ducts[12]. When early stage PBC specimens were immunostained for cytokeratin 19 and HLA-DR, the CoH were
found mostly around portal tracts in stages 2 and 3 PBC,
but they were destroyed in concert with the destruction of
bile ductules [28]. Therefore, CoH in PBC specimens are
difficult to be depicted by immunohistochemistry using light
microscopy. Our immunoelectron microscopic study
successfully demonstrated the ultrastructural localization of
ICAM-1 and LFA-1 on CoH.
Previous studies of cell adhesion molecules, especially ICAM,
in PBC have reported conflicting results. Adams et al.[14],
reported a series of 13 patients with PBC studied at liver
transplantation and found that ICAM was expressed on
interlobular bile ducts and proliferating bile ductules. In
contrast, Broome et al.[29], found ICAM in 3 of 10 patients
with PBC while almost all patients expressed HLA-DR on
biliary epithelium. Bloom et al.[30] found ICAM-1 expression
on bile ducts in two of seven cases of early disease and in
only one of five patients with stage three or four disease.
According to these reports, ICAM-1 expression in PBC is
not very common and not clearly associated with a particular

ICAM-1

b

Number of particles per
unit CoH/BD

30

20

10

0
BD

CoH

Number of particles per
unit CoH/BD

30

LFA-1
a

Mann-whitny U-test
n = 10

20

10

0

CoH

BD

Figure 6 Semi-quantitative analysis of immunogold-silver complex particles on
epithelial cells of bile ductules and cholangiocytes of CoH enumerated on immunoelectron
micrographs (expressed in number of particles per unit CoH or small bile ductule).
Immunoreactivity was significantly greater on bile ductules (Mann-Whitney test).
BD, bile ductile; CoH, canal of Hering. aP<0.05, bP<0.01 vs CoH.
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disorder. Using immunoelectron microscopy, we found that
8 of 10 PBC patients expressed ICAM-1 and 7 of 10 patients
expressed IFA-1 on bile ductules. The higher rate probably
reflects the higher sensitivity of our method.
In this study, we observed membranous staining of
hepatocytes and bile ductules with different intensity with
ICAM-1 antibodies (Figure 1C) in PBC. However, ICAM1 expression on hepatocytes is indefinite or only faint in
normal livers. These findings may suggest the involvement
of immune-mediated hepatocytolysis related to expression
and presentation of target antigens[12].
Bile duct loss can be evaluated semi-quantitatively by
calculating the ratio of portal tracts devoid of interlobular
bile ducts and also the proportion of hepatic arterial branches
without parallel running interlobular bile ducts[12]. Regrowth
of bile ducts has been reported, and a ductular reaction
precedes the reappearance of neo-bile ducts. In this process,
hepatic stem cells or progenitor cells migrate from the
periportal area into the biliary tree[31]. On the other hand, in
rat liver injury, the role of ICAM-1 is to adhere to neutrophils,
and excessive parenchymal apoptosis may be a signal for
this neutrophil-induced inflammatory and necrotic reaction[32].
Apoptosis of bile ductules could be one of the processes
that explain the reduced proliferation of bile ductules[33].
Therefore, strong expression of ICAM-1 on bile ductules
may be a cause of the reduction in proliferation of bile
ductules[25,33].
Our semi-quantitative study of immunogold-silver
complex in bile ductile epithelium and cholangiocytes in CoH
of PBC liver revealed that the rate and intensity of ICAM1 and IFA-1 expression were higher in the bile ductules
than in the upstream CoH. The reason is that there are less
mature cholangiocytes in the CoH. We observed cells with
intermediate morphology in CoH, which may be progenitor
cells labeled with ICAM-1 and LFA-1. Since the adhesion
molecules appear to be expressed only on the mature
cholangiocytes, this implies that the mature cholangiocytes
are targeted for autoimmune destruction in PBC. Destruction
in the CoH upstream of bile ductules also occurs because
of the presence of mature cholangiocytes. Recently, a human
bipotent liver progenitor cell line has been established, which
shows comparable immunophenotype restricted to bile
neoductules[34]. The mechanisms of how progenitor cells
are protected from destruction by the host immune system
should be studied.
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Abstract
AIM: To study whether severe acute respiratory syndrome
coronavirus (SARS-CoV) could be excreted from digestive
system.
METHODS: Cell culture and semi-nested RT-PCR were used
to detect SARS-CoV and its RNA from 21 stool and urine
samples, and a kind of electropositive filter media particles
was used to concentrate the virus in 10 sewage samples
from two hospitals receiving SARS patients in Beijing in China.
RESULTS: It was demonstrated that there was no live
SARS-CoV in all samples collected, but the RNA of SARSCoV could be detected in seven stool samples from SARS
patients with any one of the symptoms of fever, malaise,
cough, or dyspnea, in 10 sewage samples before disinfection
and 3 samples after disinfection from the two hospitals.
The RNA could not be detected in urine and stool samples
from patients recovered from SARS.
CONCLUSION: Nucleic acid of SARS-CoV can be excreted
through the stool of patients into sewage system, and the
possibility of SARS-CoV transmitting through digestive
system cannot be excluded.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
By the end of 2002, there were reports from Guangdong
Province in southern China of cases of severe acute respiratory
syndrome (SARS). Over 8 439 SARS cases and 812 SARSrelated deaths were reported to WHO from 32 countries
around the world till 5th July, 2003[1,2]. In response to this
outbreak, WHO coordinated an international collaboration
that included clinical, epidemiological, laboratory investigations,
and initiated efforts to control the spread of SARS. Attempts
to identify the etiology of SARS outbreak were successful
during the 3rd wk of March 2003, when laboratories in the
USA, Canada, Germany, Hong Kong, and China isolated a
novel coronavirus from SARS patients[3-6]. Unlike other human
coronaviruses, it was possible to isolate the novel coronavirus
in Vero cells. Evidence of the coronavirus infection was
documented in SARS patients throughout the world. The
coronavirus RNA was frequently detected in respiratory
specimens, and convalescent-phase serum specimens from
SARS patients containing antibodies that reacted with the
coronavirus. There was a strong evidence that this new virus
was etiologically linked to the outbreak of SARS[5-8].
Investigations of the global outbreak of SARS have shown
that the major mode of transmission of SARS virus was through
close personal contact, in particular exposure to droplets of
respiratory secretions from an infected person[1,9-14]. While in
a cluster of SARS cases in an apartment block in Hong Kong,
sewage was believed to have played a role through droplets
containing coronavirus from the sewage system[11,12]. However,
there is no direct evidence to prove that the coronavirus exists
in sewage system and is contagious.
In order to confirm whether the digestive system was
a possible major transmission way of SARS-CoV, cell
culture and the semi-nested RT-PCR were used to directly
detect SARS-CoV and its RNA. A kind of electropositive
filter media particle[15] was used to concentrate the SARSCoV from the sewage of hospitals receiving SARS patients
in Beijing of China, and then the virus and its RNA were
detected.
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MA
TERIALS AND METHODS
MATERIALS
Viruses and culture methods
To identify viruses that existed in stools, urine samples, and
sewage system, we inoculated a variety of specimens onto
Vero E6. Because of the toxicity of sewage concentrates,
all cell cultures were inoculated in the presence of growth
medium for 1 h at 37 . This procedure virtually eliminated
problems with the toxicity of sewage concentrates. Medium
was replaced after 1-2 d of incubation. Culture was terminated
7 d after inoculation, and the culture was observed daily for
cytopathic effects. Cultures exhibiting identifiable cytopathic
effects were subjected to several procedures to identify the
cause of the effect[16-18]. If there was no cytopathic effect
on the cell culture, the supernate was harvested and added
into additional flasks to isolate viruses. The cultures were
then used until three generations without cytopathic effects.
Stools and urine samples of SARS patients
Twenty-one stool and urine samples were collected from
the Xiao Tang Shan Hospital and 309 Hospital of PLA,
which were specially assigned to receive SARS patients in
Beijing in 2003, among which 11 samples were collected
from the SARS patients with any one of the symptoms of
fever, malaise, cough, or dyspnea, and 10 samples were
from recovered patients.
Sewage and disinfection
Ten sewage samples were collected at 7 o’clock in the morning
from Xiao Tang Shan Hospital and 309 Hospital of PLA
for 7 d. Two thousand and five hundred milliliters of sewage
before disinfection or 25 000-50 000 mL after disinfection
by chlorine was collected.
Electropositive filter media particle
The positively charged filter media particles, which were
used to concentrate SARS-CoV from sewage, were prepared
as previously described[15].
Detection of residual chlorine
The residual chlorine in sewage was determined by the N,
N, diethyl-p-phenyldiamine colorimetric method[19].
Concentration of SARS-CoV from sewage
Two thousand and five hundred milliliters and 25 000 mL
`sewage from the hospitals before or after disinfection by
chlorine were placed in a 25-L capacity plastic bucket, and
10 mL Na2S2O3 (100 g/L) was added to neutralize the residual
chlorine. Five hundred or 820 g filter media was packed in
a polymethyl methacrylate column (89 or 130 mm i.d.). The
filter media bed height was 14 cm. The flow rate was kept
at 10 mL/min per cm2 of the filter surface area. The adsorbed
viruses were eluted from filter media with 700 or 900 mL
6× nutrient broth (pH 7.2). The collected eluates were
reconc-entrated by PEG precipitation and centrifugation.
The pellets were resuspended in 40 mL PBS and assayed.
RNA extraction
Virus RNA extracting kit (TRIzol Reagent) made by
InvitrogenTM Life Technologies for extraction of exceedingly
pure viral RNA was utilized in our experiment to extract
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virus RNA, and all procedures were strictly implemented in
accordance with the reagent instruction manual.
Primer design for assay of SARS-CoV nucleic acid
Three sets of primers from WHO Network Laboratories[20]
were used to detect the SARS-CoV RNA: Cor-p-F2 (+)
5’-CTAACATGCTTAGGATAATGG-3’, Cor-p-F3 (+)
5’-GCCTCTCTTGTTCTTGCTCGC-3’, and Cor-p-R1 (-)
5’-CAGGTAAGCGTAAAACTCATC-3’. Cor-p-F2/Cor-p-R1
gave a 368-bp product, and Cor-p-F3/Cor-p-R1 yielded a
348-bp segment.
Primer design for assay of enterovirus nucleic acid
A pair of consensus primers of enteroviruses was from the
5’ non-coding region because of their presence in many
enterovirus serotypes. The sequences of primers were as
follows: E1 5’-ATTGTCACCATAAGCAGCCA-3’, E2 5’CCAGCACTTCTGTTTCCCCGG-3’, and the product size
was 440 bp[21].
Detection of SARS-CoV by semi-nested RT-PCR
Two microliters of RNA solution was analyzed with RTPCR assay. The KaTaRa one step RNA PCR kit (KaTaRa
Biotechnology, Dalian) was used for the reaction (20 µL
total volume). Positive and negative RT-PCR controls were
included in each run. Reactions contained 10 µL of buffer
concentrate, 2 mmol/L of magnesium sulfate, 0.8 µL of
enzyme mixture, and 1.9 µmol/L of each of Cor-p-F2 and
Cor-p-R1 primers. Thermal cycling comprised 42
for
30 min, 95
for 3 min; 10 cycles of 95
for 10 s, 55
for 15 s (decreasing by 1
per cycle), 72
for 40 s; 40
cycles of 95
for 10 s, 56
for 10 s, and 72
for 40 s.
To confirm the PCR products, a semi-nested PCR was
developed. The template was the first PCR product, and
the primers were Cor-p-F3 and Cor-p-R1, and yielded a
348-bp product. The amplification efficiency of the primers
was confirmed by SARS-CoV of BJ-01 isolated from a
SARS patient in Guangzhou city, China (Figure 2).
Detection of enteroviruses by RT-PCR
As most of enteroviruses can also grow on the Vero cells,
and yield cytopathic effects, enteroviruses should be detected
by the specific primers[21]. The RT-PCR method was similar
to that for SARS-CoV.
Detection of PCR products
PCR products were analyzed by electrophoresis with 15 g/L
agarose gels containing 0.5 µg of ethidium bromide per mL,
and visualized with UV illumination and photographed. DNA
molecular size standards (100-bp ladder, Gibco/BRL) were
included in each run of agarose gel electrophoresis.
In view of the serious nature of SARS and the personto-person transmission, all clinical specimens were treated
in a biosafety level 3 environment. All divisions into aliquots,
pipetting, concentration for small sewage and culture attempts
were performed in laminar-flow safety cabinets. A similar
environment was used when specimens from which nucleic
acid was to be extracted and placed in a buffer solution.
Nucleotide sequence analysis
The PCR products from four different samples were purified
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with the QIAquick PCR purification kit (QIANEN, Inc.)
and sequenced with the ABI PRISM dye terminator cycle
sequencing ready reaction kit with AmpliTaq DNA
polymerase FS (Perkin-Elmer, Applied Biosystem) following
the manufacturer’s instructions. The sequences were compared
with the genome of SARS-CoV in the GenBank and EMBL
databases by using the FASTA program of the GCG.

RESUL
TS
RESULTS
Detection of SARS-CoV by the semi-nested RT-PCR
The detection specificity and sensitivity of semi-nested RTPCR were confirmed by the isolated SARS-CoV (BJ-01)
from Institute of Microbiology and Epidemiology, Academy
of Military Medical Sciences, Beijing, China. It was shown
that two amplicons were yielded, which were in agreement
with the information on the designed primers (Figure 1).
The minimum amount of SARS-CoV RNA detected by
semi-nested PCR was equivalent to 10 TCID50 (Figure 2).

N

M

A

B

bp

489
404
331
242
110

462
368
348

Figure 1 Amplification of SARS-CoV RNA BJ-01 by semi-nested RT-PCR.
M: DNA marker (pUC19 DNA/MSP I marker); lane A: 348 bp; lane B: 368 bp;
lane C: positive RT-PCR control, 462 bp; lane N: negative RT-PCR control.

A

B

C

D

E

F

G

2

3

4

5

6

7

8

Number 28

9 10 11

348 bp

Figure 3 Amplification of SARS-CoV RNA from stool samples. M: DNA marker
(pUC19 DNA/MSP I marker); lanes 1-11: samples from different SARS patients;
N: negative control; P was the positive RT-PCR control from the RNA of SARSCoV BJ-01.

Isolation of SARS-CoV and detection of SARS-CoV RNA from
urine samples of patients
All the 21 urine samples tested for the presence of infectious
SARS-CoV in cell culture were also negative. SARS-CoV RNA
could not be detected from the samples or the supernate
of cell cultures by semi-nested RT-PCR.
Concentration and detection of SARS-CoV from sewage before
disinfection
All sewage samples tested for the presence of infectious SARSCoV in cell culture were negative. SARS-CoV RNA could
be found in the concentrates of sewage from the two hospitals
by semi-nested PCR, and in the inoculated cells of the sewage
concentrates from 309 Hospital but not from Xiao Tang Shan
Hospital. However, SARS-CoV RNA copies in the samples
were too low to be detected by the first amplification reaction,
the semi-nested RT-PCR in which the products of first
amplification reaction were the template of the second PCR,
gave the positive amplification results (Tables 1 and 2).

Table 1 Concentration and detection of SARS-CoV in 2 500-mL
sewage before disinfection in Xiao Tang Shan Hospital1

H

Date

bp
489
404
331
242
110

1

Volume 11

C

bp

M

P N M

July 28, 2005

348 bp

Figure 2 Sensitivity of semi-nested RT-PCR for SARS-CoV. M: DNA marker
(pUC19 DNA/MSP I marker); lane A-G: virus concentration was 106-10 10 TCID50,
lane H: negative control.

10 June
11 June
12 June
13 June
14 June
15 June

Cell
cult2

Concentrate
+PCR3

Inoculated
cells+PCR4

Entero.5
PCR

-

+
+
+
+
+
+

-

-

1
Glass column diameter: 19 mm, bed height: 14 cm, eluate volume: 500 mL; 2Cell
culture was maintained for 14 d to observe the cytopathic effect; 3PCR template
was from the concentrates; 4PCR template was from the cultured cells;
5
Enteroviruses were detected by general primer RT-PCR for enteroviruses.

Table 2 Concentration and detection of SARS-CoV in 2 500-mL
sewage before disinfection in 309 Hospital of PLA1

Isolation of SARS-CoV and detection of SARS-CoV RNA from
stool samples of patients
All the 21 stool samples tested for the presence of
infectious SARS-CoV in cell culture were negative. SARSCoV RNA could be detected in 7 of 11 stool samples
from patients with symptoms by semi-nested RT-PCR
(Figure 3). However, SARS-CoV RNA could not be detected
from the samples of patients who recovered.

Date
11 June
12 June
13 June
14 June
15 June
16 June
1

Cell
cult

Concentrate
+PCR

Inoculated
cells+PCR

Entero.
PCR

-

+
+
+
+
+
+

-

-

All explanatory notes are same as in Table 1.
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Concentration and detection of SARS-CoV from sewage after
disinfection
The samples (25 000 or 50 000 mL ) from the two hospitals
were all negative by the infectivity methods. SARS-CoV
RNA was detected from the concentrates and inoculated
cells in three samples (June 11, 13, and 15) from 309 Hospital
by semi-nested RT-PCR, while the other samples were
negative (Tables 3 and 4).

Table 3 Concentration and detection of SARS-CoV in 25 000- or
50 000-mL sewage after disinfection in Xiao Tang Shan Hospital1
Date

Cell
culture

Concentrate
+PCR

Inoculated
cells+PCR

Enterovirus
PCR

11 June
12 June

-

-

-

-

13 June
14 June

-

-

-

-

15 June

-

-

-

-

1

All explanatory notes are same as in Table 1.

Table 4 Concentration and detection of SARS-CoV in 25 000-mL
sewage after disinfection in 309 Hospital of PLA 1
Date

Cell
culture

Concentrate
+PCR

Inoculated
cells+PCR

Enterovirus
PCR

11 June
12 June

-

+
-

+
-

-

13 June
14 June

-

+
-

+
-

-

15 June

-

+-

+

-

1

All explanatory notes are same as in Table 1.

Result of nucleotide sequence analysis
The PCR products from the sewage samples of the two hospitals
were sequenced, and submitted to GenBank. The accession
numbers are bankit579728 and bankit579738, respectively.
Comparison of the nucleotide sequences of PCR products
with data from GenBank revealed that the sequences of the
PCR products were close to those of SARS-COV genomes,
showing about 99% nucleotide homolog.

DISCUSSION
Most SARS cases to date have occurred in young adults.
The health care workers in hospitals, patient family members
and international travelers were the commonly infected
people[22,23].
The isolation of a novel coronavirus was obtained from
the respiratory secretions of patients with SARS, and points
to the etiologic association with SARS[3-6,8,24-26].
The mechanism of transmission of SARS-CoV is not yet
understood completely. However, the fact that transmission
has been limited to close contacts with patients, such as
household members, health care workers, or other patients
who were not protected with contact or respiratory precautions,
suggests that either droplet secretions or direct or indirect
contact probably has a role[1,10-14,27].
On 15th April, 2003, health authorities reported a total
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of 321 individuals infected with SARS virus who were
residents in Amoy Gardens. A large proportion of cases were
concentrated in vertically linked flats in a single building,
Block E. On April 17, the Hong Kong Government announced
that not one single factor could account for the outbreak in
Block E of Amoy Gardens, and attention was focused on
possible transmission via the sewage system because laboratory
studies showed that patients with the disease excreted
coronaviruses in their stools and these viruses were able to
survive much longer in feces than on ordinary surfaces, and
noted a swab sample taken from the toilet of an infected
resident showed a positive test for the coronavirus’ genetic
material, and about 60% of patients in Amoy Gardens had
diarrhea during their illness, and probably would have discharged
a large amount of viruses into the soil stacks. Finally, the virus
would spread with water droplets through the U-traps of the
floor drains, which were dried up in many cases[11,24,28,29].
The elevated levels of aspartate aminotransferase and
lactate dehydrogenase indeed suggest that SARS-CoV was
also replicating outside the respiratory tract[1]. Electron microscopic examination showed that virus-like particles with 100150 nm in diameter were found in cytoplasm and dilated
reticular endoplasm of the infected alveolar epithelial cells
and endothelial cells[6,26,30,31]. Shedding of the virus in feces
might be an additional source of spreading, provided the
virus was stable in this environment[8].
Tsang et al., reported that there were three nurses who
worked at Hospital B, where a patient was admitted and
remained for 6 d for treatment of pneumonia before he
was transferred to Hospital C. During this period, the nurses
spent five 8-h shifts stationed on the general ward where
the patient was hospitalized. The three nurses recalled close
encounter with the patient during which they cleaned him
when he had fecal incontinence after an episode of diarrhea
on March 3, 2003. The nurses did not wear masks or gowns
during their routine nursing care of any patients on the
ward and finally were all infected[1].
The detection of SARS-CoV in fecal and serum samples
from patients, as well as in respiratory specimens, suggested
that this virus, like many animal coronaviruses, might spread
both by fecal contamination and by respiratory droplets[4].
Zhang reviewed the data of SARS transmission and
believed that, as previously described, most coronaviruses
could cause either a respiratory or an enteric disease, which
is also transmitted by the fecal-oral route. During this outbreak
of SARS, symptoms of the gastrointestinal tract in patients
were noticed. Many investigators[1,10,32] found that gastrointestinal symptoms, including diarrhea (19-50%), nausea
and vomiting (19.6%), and abdominal pain (13%) were
common in SARS patients.
All the above reports suggested that stools of SARS
patients or sewage containing stools of SARS patients would
transmit the coronavirus. However, except that the positive
PCR results were obtained in some patient stools, there
were no reports that live viruses were present in patient stool
or sewage.
In this study, we isolated and detected the SARS-CoV in
stools, urine samples, and sewage from hospitals which were
assigned specially to receive SARS patients in Beijing of
China. Just as expected, SARS-CoV RNA was detected from
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stools of patients, but no live viruses were isolated from
stool samples, and no SARS-CoV RNA was found in all
stools from patients who recovered. It is suggested that the
nucleic acid of SARS-CoV could be really excreted from
stools of patients, but infectious SARS-CoV could not be
confirmed to excrete through the digestive system. No live
virus and its RNA were isolated from the urine samples of
patients. It is suggested that SARS-CoV and its RNA could
not be excreted from the urinary system.
In order to explore the growth and decline of SARS-CoV
and its RNA in environment, SARS-CoV and its RNA were isolated from sewage of hospitals. Although the concen-tration
method of SARS-CoV from sewage has not been reported
yet, the concentration of enteroviruses from water using
different methods was reported, and the electropositive filters
have been considered as the most promising method[34,35].
We developed a simple method for concentration of
entero-viruses from water with electropositive particles, the
adsorption of bacteriophage f2 was reliable and efficient,
not affected by the pH value, temperature, turbidity, and
organic materials in water, and gave a recovery of 88.7%
for poliovirus I and a comparable recovery of HAV, CoxB3,
and Echo 7 from 100 L of tap water[15].
We attempted to concentrate SARS-CoV in sewage from
Xiao Tang Shan Hospital and 309 Hospital in Beijing by
the electropositive particle adsorption method. The sewage
systems in these two hospitals were similar, i.e. the sewage
was collected from each isolation ward and converged into
the reaction sedimentation basin, and disinfectant (chlorine)
was added to inactivate SARS-CoV and other pathogenic
microorganisms; finally, the sewage was discharged from
the reaction sedimentation basin after a 60-min reaction.
Results of testing for the presence of SARS-CoV in the
sewage indicated that no infectious SARS-CoV or live virus
could be recovered in these two hospitals. The nucleic acid
of SARS-CoV was found in the sewage before disinfection
from both hospitals by semi-nested RT-PCR, while after
disinfection of sewage by chlorine, SARS-CoV RNA could
only be detected in the samples taken on 11th, 13th, and 15th
June, 2003 from 309 Hospital.
Cell culture is a very demanding test. However, negative
cell culture results or RT-PCR results could not exclude the
presence of SARS-CoV. The detection of SARS-CoV from
SARS patients could be negative for the following reasons
[17]
. Patients were not infected with SARS coronavirus, the
illness was due to another infectious agent (virus, bacterium,
fungus) or a non-infectious cause. The test results were
incorrect. Current tests need to be further developed to
improve their sensitivity. SARS-CoV was so susceptible to
environments that it was inactivated quickly out of the body.
SARS-CoV might have been inactivated or eliminated by
immunoglobulins (antibody) from the recovered patients
before excretion, or in the sewage. Palmer et al.[35], reported
that human imm-unoglobulins were used to eliminate the
enteroviruses in concentrated sewage when they evaluated
the immunodeficiency virus (HIV) in sewage effluent by
infectivity assay and RT-PCR.
Hong Kong Government explained the reasons of a
cluster of SARS cases in Amoy Gardens and believed that
there was a combination of factors, including the presence
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of an index patient who caused the first batch of infections,
person-to-person spread, transmission via the sewage system,
and environmental contamination[11,29]. This study demonstrated that SARS-CoV RNA could be excreted through the
feces or/and urine samples of patients into sewage system.
In conclusion, this study demonstrated that there was
SARS-CoV RNA in stool samples of patients with symptoms
and in sewage of hospitals though there was no live SARSCoV isolated from all samples. It provides evidence that
the nucleic acid of SARS-CoV can be excreted through the
stools of patients into sewage system, but cannot exclude
the possibility of SARS-CoV transmitting through the
digestive system. Much attention should be paid to the treatment of stools of patients and the sewage of hospitals receiving
SARS patients.

ACKNOWLEDGEMENTS
The authors thank Dr. Da-Sheng Zhao, De-Xue Li, JianZhong Sun, Zhong-Hou Huo and Yun-Bo Li from the P3
Laboratory Center for Microorganism Detection, China for
supporting of this project; Dr. Fu-Yu Wang, Ying-Kai Li,
Meng-Fu Zhu, Jian-Yong Su, Cheng-Yuan Gong, Wu-Chun
Chao, Tai-Thi Gong, Bing-Yin Si and Bao-Zhong Guo for
providing many reagents, helpful guidance and discussion;
Drs. Hong-Wei Zhao, Xin-An Du, Zong-Ze Wang, Ling-Jia
Qian, Qing-Yu Zhu, Xiao-Jun Zhang, Tao-Xing Shi, Fei Yu,
Jian-Zhong Man, Fan-Rong Zeng, Bang-Rong Han, Yue
Jiang, Zhu-Ge Xi, Zhi-Peng Ju and Hua-Shan Zhang for
advice and organizing the experiments; the Center for
Logistics, Xiao-Tang Shan Hospital for technical support
and cooperation. We are also indebted to Professor Su-Qi
Cheng for English revision.
REFERENCES
1

2

3

4
5

6

Tsang KW, Ho PL, Ooi GC, Yee WK, Wang T, Chan-Yeung
M, Lam WK, Seto WH, Yam LY, Cheung TM, Wong PC, Lam
B, Ip MS, Chan J, Yuen KY, Lai KN. A cluster of cases of
Severe acute respiratory syndrome in Hong Kong. N Engl J
Med 2003; 348: 1977-1985
World Health Organization. SARS: breaking the chains of
transmission. Available from:URL: http://www.who.int/
features/2003/07/en
Rota PA, Oberste MS, Monroe SS, Nix WA, Campagnoli R,
Icenogle JP, Penaranda S, Bankamp B, Maher K, Chen MH,
Tong S, Tamin A, Lowe L, Frace M, DeRisi JL, Chen Q, Wang
D, Erdman DD, Peret TC, Burns C, Ksiazek TG, Rollin PE,
Sanchez A, Liffick S, Holloway B, Limor J, McCaustland K,
Olsen-Rasmussen M, Fouchier R, Gunther S, Osterhaus AD,
Drosten C, Pallansch MA, Anderson LJ, Bellini WJ. Characterization of a novel coronavirus associated with severe acute
respiratory syndrome. Science 2003; 300: 1394-1399
Holmes KV. SARS-associated coronavirus. N Engl J Med
2003; 348: 1948-1951
Fouchier RA, Kuiken T, Schutten M, Van Amerongren G,
Van Doorrum GJ, Van Den Hoogen BG, Peiris M, Lim W,
Stohr K, Osterhaus AD. Aetiology: Koch’s postulates fulfilled for SARS virus. Nature 2003; 423: 240
Ksiazek TG, Erdman D, Goldsmith CS, Zaki SR, Peret T,
Emery S, Tong S, Urbani C, Comer JA, Lim W, Rollin PE,
Dowell SF, Ling AE, Humphrey CD, Shieh WJ, Guarner J, Paddock CD, Rota P, Fields B, DeRisi J, Yang JY, Cox N, Hughes
JM, LeDuc JW, Bellini WJ, Anderson LJ. A Novel coronavirus
associated with severe acute respiratory syndrome. N Engl J
Med 2003; 348: 1953-1966

Wang XW et al. Detection of SARS-CoV and its RNA
7

8

9
10

11

12
13

14

15

16

17

18

19

20

21

4395

Marra MA, Jones SJ, Astell CR, Holt RA, Brooks-Wilson A,
Butterfield YS, Khattra J, Asano JK, Barber SA, Chan SY,
Cloutier A, Coughlin SM, Freeman D, Girn N, Griffith OL,
Leach SR, Mayo M, McDonald H, Montgomery SB, Pandoh
PK, Petrescu AS, Robertson AG, Schein JE, Siddiqui A, Smailus
DE, Stott JM, Yang GS, Plummer F, Andonov A, Artsob H,
Bastien N, Bernard K, Booth TF, Bowness D, Czub M, Drebot
M, Fernando L, Flick R, Garbutt M, Gray M, Grolla A, Jones S,
Feldmann H, Meyers A, Kabani A, Li Y, Normand S, Stroher
U, Tipples GA, Tyler S, Vogrig R, Ward D, Watson B, Brunham
RC, Krajden M, Petric M, Skowronski DM, Upton C, Roper
RL. The Genome sequence of the SARS-associated coronavirus.
Science 2003; 300: 1399-1404
Qin ED, Zhu QY, Peng WM, Jiang T, Fan BC, Chang GH, Yu
M, Si BY, Liu BH, Deng YQ, Liu H, Zhang Y. Determination of
the partial polymerase gene sequence of novel coronavirus isolated from lung tissue of SARS patients. Junshi Yixue Kexueyuan
Yuankan 2003; 27: 81-83
Enserink M, Vogel G. Infectious diseases. Hungry for details,
scientists zoom in on SARS genomes. Science 2003; 300: 715-716
Lee N, Hui D, Wu A, Chan P, Cameron P, Joynt GM, Ahuja
A, Yung MY, Leung CB, To KF, Lui SF, Szeto CC, Chung S,
Sung JJ. A major outbreak of severe acute respiratory syndrome in Hong Kong. N Engl J Med 2003; 348: 1986-1994
World Health Organization. Amoy Gardens investigation findings make public. Available from:URL: http://www.who.
int/csr/sars/en (17 April,2003)
Cyranoski D, Abbott A. Apartment complex holds clues to
pandemic potential of SARS. Nature 2003; 423: 3-4
Poutanen SM, Low DE, Henry B, Finkelstein S, Rose D, Gree
K, Tellier R, Draker R, Adachi D, Ayers M, Chan AK,
Skowronski DM, Salit I, Simor AE, Slutsky AS, Doyle PW,
Krajden M, Petric M, Brunham RC, McGeer AJ. Identification
of severe acute respiratory syndrome in canada. N Engl J Med
2003; 348: 1995-2005
Donnelly CA, Ghani AC, Leung GM, Hedley AJ, Fraser C,
Rileya S, Abu-Raddad LJ, Hob LM, Thach TQ, Chau P, Chan
KP, Lam TH, Tsec LY, Tsang T, Liu SH, Kong JH, Lau EM,
Ferguson NM, Anderson RM. Epidemiological determinants
of spread of causal agent of severe acute respiratory syndrome in Hong Kong. Lancet 2003; 361: 1761-1766
Li JW, Wang XW, Rui QY, Song N, Zhang FG, Ou YC, Chao
FH. A new and simple method for concentration of enteric
viruses from water. J Virol Methods 1998; 74: 99-108
World Health Organization. Recommendations for laboratories testing by PCR for presence of SARS coronavirus–RNA.
Available from: URL: http://www.who.int/csr/sars/
coronarecommendation/en
World Health Organization. Severe Acute Respiratory Syndrome (SARS): Laboratory diagnostic tests. Available from:
URL: http://www.who.int/csr/sars/diagnostictests/en
World Health Organization. Use of laboratory methods for
SARS diagnosis. Available from: URL: http://www.who.int/
csr/sars/labmethods/en
Olivieri VP, Snead MC, Kruse CW, Kawata K. Stability and
effectiveness of chlorine disinfectants in water distribution
systems. Environ Health Perspect 1986; 69: 15-29
World Health Organization. PCR primers for SARS developed by WHO Network Laboratories. Available from: URL:
http://www.who.int/csr/sars/primers/en
Zoll GJ, Melchers WJ, Kopecka H, Jambroes G, van der Poel
HJ, Galama JM. General primer-mediated polymerase chain

22

23

24

25

26

27

28

29
30

31

32

33

34

35

reaction for detection of enteroviruses: application for diagnostic routine and persistent infections. J Clin Microbiol 1992;
30: 160-165
World Health Organization. Update 58 - First global consultation on SARS epidemiology, travel recommendations for
Hebei Province (China), situation in Singapore. Available from:
URL: http://www.who.int/csr/sars/archive/2003_05_17/en/
World Health Organization. SARS epidemiology to date.
Available from: URL: http://www.who.int/csr/sars/
epi2003_04_11/en/
Peiris JS, Lai ST, Poon LL, Guan Y, Yam LY, Lim W, Nichollsa
J, Yee WK, Yan WW, Cheung MT, Cheng VC, Chan KH, Tsang
DN, Yungd RW, Ng TK, Yuen KY. Coronavirus as a possible
cause of severe acute respiratory syndrome. Lancet 2003; 361:
1319-1325
World Health Organization. Update 31 - Coronavirus never
before seen in humans is the cause of SARS. Available from:
URL: http://www.who.int/csr/sars/archive/2003_04_16/en
Drosten C, Gunther S, Preiser W, van der Werf S, Brodt HR,
Becker S, Rabenau H, Panning M, Kolesnikova L, Fouchier
RAM, Berger A, Burguiere AM, Cinatl J, Eickmann M, Escriou
N, Grywna K, Kramme S, Manuguerra JC, Müller S, Rickerts
V, Sturmer M, Vieth S, Klenk HD, Osterhaus AD, Schmitz H,
Doerr HW. Identification of a novel coronavirus in patients
with severe acute respiratory syndrome. N Engl J Med 2003;
348: 1967-1976
Seto WH, Tsang D, Yung RW, Ching TY, Ng TK, Ho M, Ho
LM, Peiris JS. Effectiveness of precautions against droplets
and contact in prevention of nosocomial transmission of severe acute respiratory syndrome (SARS). Lancet 2003; 361:
1519-1520
World Health Organization. Update 32-Situation in China
and Hong Kong, status of diagnostic tests. Available from:
URL: http://www.who.int/csr/sarsarchive/2003_04_17/en
Amoy Gardens investigation findings make public. Available
from: URL: http://www.info.gov/csr/sars/labmethods/en
Wang CE, Qin ED, Gan YH, Li YC, Wu XH, Cao JT, Yu M, Si
BY, Yan G, Li JF, Zhu QY. Pathological observation on sucking mice and Vero E6 cells inoculated with SARS samples.
Jiefangjun Yixue Zazhi 2003; 28: 383-384
Hong T, Wang JW, Sun YL, Duan SM, Chen LB, Qu JG, Ni
AP, Liang GD, Ren LL, Yang RQ, Guo L, Zhou WM, Chen J, Li
DX, Wen XB, Xu H, Guo YJ, Dai SL, Bi SL, Dong XP, Ruan L.
Chlamydia-like and coronavirus-like agents found in dead
cases of atypical pneumonia by electron microscopy. Zhonghua
Yixue Zazhi 2003; 83: 632-636
Riley S, Fraser C, Donnelly CA, Ghani AC, Abu-Raddad LJ,
Hedley AJ, Leung GM, Ho LM, Lam TH, Thach TQ, Chau P,
Chan KP, Lo SV, Leung PY, Tsang T, Ho W, Lee KH, Lau EM,
Ferguson NM, Anderson RM. Transmission dynamics of the
etiological agent of SARS in Hong Kong: impact of public
health interventions. Science 2003; 300: 1961-1966
Sobsey MD, Jones BL. Concentration of Poliovirus from tap
water using positively charged microporous filters. Appl
Environ Microbiol 1979; 37: 588-595
Sobsey MD, Glass JS. Poliovirus concentration from tap water with electropositive adsorbent filters. Appl Environ Microbiol
1980; 40: 201-210
Palmer CJ, Lee MH, Bonilla GF, Javier BJ, Siwak EB, Tsai YL.
Analysis of sewage effluent for human immunodeficiency
virus (HIV) using infectivity assay and reverse transcriptase
polymerase chain reaction. Can J Microbiol 1995; 41: 809-815

Science Editor Zhang JZ and Wang XL Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(28):4396-4399
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Effects of iron manipulation on trace elements level in a model of
colitis in rats
M Barollo, R D’Incà, M Scarpa, V Medici, R Cardin, M Bortolami, C Ruffolo, I Angriman, GC Sturniolo
M Barollo, R D’Incà, M Scarpa, V Medici, R Cardin, M Bortolami,
C Ruffolo, I Angriman, GC Sturniolo, Department of Surgical
and Gastroenterological Sciences, University of Padua, Italy
Supported by the MIUR 60% 2000
Correspondence to: GC Sturniolo, Divisione di Gastroenterologia,
Via Giustiniani 2, Padova 35128, Italy. gc.sturniolo@unipd.it
Telephone: +39-49-821-8726 Fax: +39-49-876-0820
Received: 2004-05-25 Accepted: 2004-08-22

Abstract
AIM: Trace elements (TE) metabolism is altered in
inflammatory bowel diseases. TE (zinc and copper) are
constituents of antioxidant enzymes. Iron is involved in
the pathogenesis of chronic inflammation. The aim was
to evaluate zinc and copper status and the effects of iron
manipulation in experimental colitis.
METHODS: Twenty-four male Sprague-Dawley rats were
divided into four groups: standard diet, iron-deprived diet,
iron-supplemented diet, and sham-treated controls.
Macroscopic damage was scored. DNA adducts were
measured in the colon. Liver and colonic concentration of
TE were measured.
RESULTS: Macroscopic damage was reduced in irondeprived groups and increased in iron-supplemented rats.
Damage to the DNA was reduced in iron-deprived groups
and increased in iron-supplemented groups. Liver and
colonic iron concentrations were reduced in iron-deprived
and increased in iron-supplemented rats. Liver zinc
concentration was reduced after supplementation
whereas colonic levels were similar in controls and
treated rats. Liver copper concentration was reduced in
all the colitic groups except in the iron-supplemented
group whereas colonic concentration was increased in
iron-deprived rats.
CONCLUSION: Iron deprivation diminishes the severity
of DNBS colitis while supplementation worsens colitis. Zinc
and copper status are modified by iron manipulation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Trace elements such as zinc and copper are essential for human
health[1]. Zinc is required for cell membrane integrity, cell
proliferation, and immune function. Several zinc-dependent
antioxidant enzyme such as superoxide dismutase and
metallothionein can neutralize free radicals production.
Copper is necessary for the function of many enzymes
involved in cell respiration and in cellular iron metabolism.
Copper and zinc are both components of antioxidant
enzymes such as superoxide dismutase. On the other hand,
copper excess increases free radical levels thus enhancing
the biological damage free radicals mediated[2].
In inflammatory conditions large amounts of reactive
oxygen species are produced and this contributes with
different mechanisms to damage tissue proteins, DNA
chains and lipids[3]. Iron is a major peroxidative agent and
animal studies demonstrated increased oxidative stress and
intestinal inflammation after iron supplementation[4]. As
previously reported by Kato et al., in Long Evans Cinammon
rats, a model of copper liver toxicity, increased iron level is
associated to copper excess and iron-deprived diet reduced
mortality and fulminant hepatitis [5]. Trace elements
homeostasis is altered both in human and animal models
of inflammatory bowel diseases with possible implication
for disease activity and carcinogenesis[6-8].
We previously demonstrated that dietary iron deprivation
is effective in reducing DNA damage and improves the
outcome of colitis. The aim of this study was to evaluate
the effects of iron supplementation compared to deprivation
on disease activity, on trace elements status and on colonic
DNA oxidative damage in a model of experimental colitis.
MA
TERIALS AND METHODS
MATERIALS
Experimental protocol
Twenty-four male Sprague-Dawley rats weighing 200 g
were divided into four groups; one group was fed with
standard diet containing 200 mg/kg of iron and given
drinking water ad libitum. The second group was fed with
an iron-controlled diet (50 mg/kg) and allowed to drink
iron-free water for 5 wk and the third with an ironsupplemented diet (1 700 mg/kg) for 5 wk. The fourth
group was fed with a standard diet (200 mg/kg of iron) and
at the time of colitis induction was sham treated with saline.
Colitis was induced by the intrarectal instillation of
58 mg dinitro-benzene-sulfonic acid (DNBS) dissolved in
50% ethanol. The rats were anesthetized with ether and a
silicone catheter was introduced intrarectally to 5 cm.
Animals were kept in the Trendelemburg position for 10 min
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to avoid the rapid evacuation of the enema. On d 8, 1 wk
after colitis induction, the animals were weighed and
anesthetized with intraperitoneal chloral hydrate (400 mg/kg)
after which the abdomen was opened with a midline incision
and exsanguination was performed. The colon was removed,
opened along the antimesenteric border, rinsed with
iron-free water and weighed.
The damage was assessed by scoring the number and
extension of ulcers, adhesions, and thickness of the colonic
wall according to Morris et al.[9].
Operators were unaware of the treatment of each
group. Colonic tissue samples were obtained and processed
for myeloperoxidase and 8-hydroxydeoxyguanosine (8-OHdG)
determination and for measuring iron, zinc, and copper
concentrations. Similarly liver samples were obtained for
the determination of iron, zinc, and copper concentrations.
Iron, zinc, and copper determination
Trace elements concentrations were measured using atomic
absorption spectrophotometry. Intestinal and liver tissues,
for 24 h. The dried
obtained from rats, were dried at 42
samples were weighed on an analytical balance, transferred
into element-free tubes and then dissolved using 4.5 mL of
300 mL/L nitric acid solution. The tubes were incubated at
for 24 h. Iron, copper, and zinc standard solutions
42
(0.05, 0.10, 0.20, 0.50, and 1 µg/mL) were prepared by dilution
of concentrated stock solution (Titrisol, Merck Darmstadt,
Germany) in deionized water. A Perkin Elmer 3100 atomic
absorption spectrophotometer operated with an acetylene
air mixture. A lean blue (oxidizing) flame was used with a
cathode lamp current of 15 mA, a monochromator
wavelength of 248.3 nm, and a slit width of 0.2 nm for Fe;
lamp current of 25 mA, a wavelength of 213.9, and a slit
width of 0.7 nm for Zn; lamp current of 15 mA, a
wavelength of 324.8 nm, and a slit width of 0.7 mm for Cu.
Samples were aspirated directly and the concentration
of the element of interest was determined from appropriate
standard curves. Standard controls (Bovine liver, Trimital,
Magenta, Milan, Italy) were prepared using the same
extraction procedure used for sample preparation.
Results were expressed taking into account the dry
weight and the dilution factor of the samples.
Myeloperoxidase
MPO activity was assessed following previously described
methods[10]. Briefly colonic tissue samples were minced in
1 mL of 50 mmol/L potassium phosphate buffer (pH 6.0)
containing 14 mmol/L hexadecyltrimethylammonium
bromide (Fluka), homogenized and sonicated. The lysates
have tol be frozen and thawed thrice, then centrifuged for
2 min in cold at 15 000 g. Aliquots of the supernatants
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were mixed with potassium phosphate buffer containing
o-dianisidine-HCl (Sigma-Aldrich, St. Louis, MO, USA) and
0.0005% H2O2. MPO activity was expressed as units/g of
wet tissue. The enzyme unit was defined as the conversion
of 1 moL of H2O2 per minute at 25 .
8-OHdG
Oxidative DNA damage was assessed following previously
described methods [11]. Briefly colonic biopsy specimens
were thawed, homogenized in a separation buffer and
approximately 20 µg of purified DNA per sample was
injected in the HPLC (Shimadzu, Kyoto, Japan). The 8-OHdG
was detected using an electrochemical detector (ESA
Coulochem II 5200A, Bedford, MA, USA). The levels of
8-OHdG were expressed as the number of 8-OHdG
adducts per 105 dG bases. The coefficient of variation was
<10%; 100 µg of DNA were required for the determination.
Statistical analysis
Data are expressed as mean +/- standard error. Statistical
data were analyzed with Mann-Whitney U test for
comparison of the four groups and Spearman’s rank
correlation test to evidence any relation between the
evaluated parameters. P values less than 0.05 were considered
significant.

RESUL
TS
RESULTS
Before colitis was induced body weight was similar in all
groups of animals. The colon weight, a rough measure of
edema and inflammation, was significantly increased in colitic
animals with respect to controls (P<0.05), while iron-deprived
rats had colonic weights similar to controls. The macroscopic
damage score was significantly lower in the group receiving
iron-deprived diet than in the colitis groups. MPO activity
was significantly increased in iron-supplemented rats. Iron
deprivation was associated with significantly higher MPO
levels than controls.
Clinical and biochemical aspects of colitis in all rat groups
are summarized in Table 1.
Dietary iron deprivation significantly decreased hepatic
and colonic iron concentrations. Iron supplementation
increases the iron concentration in liver and colon compared
to healthy controls. Iron concentration was increased in the
liver and colon of rats with colitis (Fe, 200 mg/kg) whereas
supplementation did not affect hepatic iron concentration
(Figure 1). There was a significant correlation between
hepatic and colonic iron concentrations (R = 0.567, P<0.002).
Inflammation significantly increased hepatic zinc
concentration but neither iron deprivation or supplementation
modified zinc concentration in the liver. Although no

Table 1 Clinical and biochemical aspects of colitis
Controls

Standard diet (Fe, 200 mg/kg)

Iron-supplemented diet (1 700 mg/kg)

Iron-deprived diet (45 mg/kg)

Colon wet weight (g)
Macroscopic damage score

2.2±0.2
0±0

4.0±0.9
8.75±2.5

3.8±0.8
7.4±1.4

2.1±0.4c
3.6±1.1c

Myeloperoxidase U/mg

3.5±0.6

19.4±5.2

61.4±7.9b

24.5±7.1

a

a

P<0.05 vs controls; bP<0.01 vs standard diet; cP<0.05 vs standard diet.

4398

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

significant change was revealed in any of the treatments
the more the colon was damaged the lower was the colonic
zinc concentration (R = -0.460, P = 0.02).
Hepatic copper concentration was reduced in all colitic
groups with respect to controls except in the iron-supplemented
group. On the other hand, copper colonic concentration was
increased in the iron-deprived diet group irrespective of
treatment and inflammatory status (Table 2). Hepatic copper
concentration correlated with colonic copper (R = 0.39,
P<0.04).
Colonic DNA adducts were significantly reduced in rats
fed with an iron-deprived diet for 5 wk (Figure 2). Colonic
DNA adducts significantly correlated with iron colonic
concentration (R = 0.44, P<0.02).

A

600

a

a

500
Ugr/gr

400
c

300
200
100
0

B

1 200
b

Ugr/gr

1 000
800
600
a

400

c

200
0
Controls

Standard diet Iron-supplemented Iron-deprived
200 mg/kg
diet 1 700 mg/kg diet 45 mg/kg

Figure 1 Liver (A) and colonic (B) iron concentrations. aP<0.05, bP<0.01 vs
controls; cP<0.05 vs standard diet.

8-OHdG x 105 dG

140
120

a
a

100
80
60
40

b

20
0

Controls Standard diet Iron-supplemented Iron-deprived
200 mg/kg diet 1 700 mg/kg diet 45 mg/kg

Figure 2 Colonic DNA adducts. aP<0.05 vs controls; bP<0.01 vs standard diet.

DISCUSSION
Iron has a major role in chronic inflammatory diseases. Lin
et al., demonstrated in vitro that iron chelation effectively
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Table 2 Hepatic and colonic zinc and copper concentrations in
controls and colitis
Zinc µg/g
Hepatic
Controls
Standard diet
Iron-supplemented diet
Iron-deprived diet

99.8±2.1
140.2±6.2a
92.6±5b
117.2±4.4

Colonic
133.4±6.1
113.9±5.8
132.2±10.2
101.6±5.1

Copper µg/g
Hepatic

Colonic

54.4±1.6
20.8±0.7d
44.2±3.9
19.7±0.8d

18.6±0.9
18.6±0.9
21±2.1
36.2±5.9c

a
P<0.05 vs controls; bP<0.01 vs standard diet; cP<0.05 vs controls and standard
diet; dP<0.001 vs controls.

blocks NF-kappa B activation and upregulates TNF-α and
IL-6 genes in a model of cholestatic liver injury, suggesting
a basic role for iron in the activation of the inflammatory
process[12]. In patients with Crohn’s disease and anemia,
treatment with oral ferrous fumarate decreased cysteine
and glutathione peroxidase with consequent altered plasma
antioxidant status[13]. Moreover, oxidative stress is increased
in vitro cell lines from patients with ulcerative colitis treated
with iron[14].
Recent evidence showed that iron dietary deprivation is
a reasonable approach to many diseases with a free radical
component [15]. It is known that Deferoxamine, an iron
chelating agent, effectively reduces mucosal oxidant activity
by decreasing the luminol-amplified chemiluminescence
in vitro by 44% in active ulcerative colitis biopsies[16]. This
effect was attributed more to iron chelation than to a direct
antioxidant activity.
We observed that iron deprivation was associated with
less macroscopic colonic mucosal damage while iron
supplementation worsened colitis. Iron and inflammation
seem to have a synergic action since MPO levels were
greatly increased in the iron-supplemented group. Our
observations suggest that iron manipulation may modulate
inflammatory damage.
The results of this study confirm that dietary iron
deprivation reduces inflammation and oxidative DNA
damage in the rat model of DNBS-induced colitis while
iron supplementation worsens colitis as we previously
reported (in press)[17]. These results further reinforce our
previous findings on the role of iron deprivation in DNBS
colitis. Carrier et al., recently reported that oral iron
supplementation may aggravate inflammation and oxidative
stress in dextran sulfate sodium-induced colitis[18]. Oxidative
damage, expressed by DNA adducts level, was decreased
in iron-deprived rats. According to Seril et al., reactive
oxygen species, produced in abundance in the presence of
iron during inflammation, can directly mediate DNA damage
thus leading to alterations, which cause loss of suppressor
genes and gain of oncogenes function[19].
Trace elements are altered during inflammation and their
status is critical for normal cell and enzymes function.
Many enzymes, involved in DNA repair mechanisms, are
zinc-dependent thus trace elements alteration could
contribute to DNA damage[20]. Several human and animal
studies have demonstrated altered trace elements status
during inflammation. Al Awadi et al., reported a significant
reduction of colonic zinc level in experimental colitis while
copper and manganese remained unaltered[8]. Zinc and
copper serum levels were altered in well-nourished patients
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with ulcerative colitis and correlated with hematological
parameters of disease activity suggesting their role in
inflammation [21]. We previously demonstrated that zinc
supplementation regulates tight junction permeability in
experimental colitis with possible implication on mucosal
healing[22]. Several studies have pointed out that zinc, copper,
and iron may affect the progression of colonic tumors in
experimental model of preneoplastic lesions[23]. Moreover,
Ames has recently reported that zinc and other micronutrient
deficiencies mimic the effect of radiation on DNA chain
with strong implication for carcinogenesis[24].
Hepatic zinc concentration is significantly reduced during
iron dietary deprivation. Colonic zinc concentration is similar
to controls in all treated groups and it is independent from
iron metabolism. The inverse correlation with macroscopic
score and colonic weight may suggest the relevant effect
of zinc on mucosa healing. In fact as recently reported by
Kruidenier superoxide dismutase Zn/Cu dependent is
decreased in colonic mucosa of IBD patients with active
inflammation[25].
Colonic copper is increased during iron dietary deprivation.
Iron supplementation does not seem to affect copper absorption
as recently demonstrated in ileostomy subjects[26]. Colonic
copper alterations seem therefore a consequence of local
inflammation. On the other hand our data showed that
inflammation decreased copper concentration in the liver
except in the presence of iron supplementation. This is in
agreement with the results reported in Long Evans
Cinammon rats, in which an iron deprived diet reduced
mortality and fulminant hepatitis[5].
In conclusion, we pointed out that iron manipulation
affects the severity of experimental colitis. Iron manipulation
results in changes of zinc and copper status which may,
after a chemical insult, alter the natural course of intestinal
inflammation and may have important implications for the
development of antioxidant treatment of IBD patients.
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Abstract
AIM: To investigate β-catenin expression in patients with
intestinal metaplasia, and to look for a possible relationship
between β-catenin expression and either epithelial proliferation
values or Helicobacter pylori (H pylori) infection.
METHODS: Twenty patients with complete type intestinal
metaplasia were studied. β-Catenin expression and
epithelial cell proliferation in antral mucosa were assessed
using an immunohistochemical analysis. H pylori infection
was detected by histology and a rapid urease test.
RESULTS: Reduced β-catenin expression on the surface
of metaplastic cells was detected in 13 (65%) out of 20
patients. Moreover, in eight (40%) patients intranuclear
expression of β-catenin was found. When patients were
analyzed according to H pylori infection, the prevalence
of both β-catenin reduction at the cell surface and its
intranuclear localization did not significantly differ between
infected and uninfected patients. Cell proliferation was
higher in patients with intranuclear β-catenin expression
as compared to the remaining patients, although the
difference failed to reach the statistical significance (36±8.9
vs 27.2±11.4, P = 0.06). On the contrary, a similar cell
proliferation value was observed between patients with
reduced expression of β-catenin on cell surface and those
with a normal expression (28.1±11.8 vs 26.1±8.8, P = 0.7).
H pylori infection significantly increased cell proliferation
(33.3±10.2% vs 24.6±7.4%, respectively, P = 0.04).
CONCLUSION: Both cell surface reduction and intranuclear
accumulation of β-catenin were detected in intestinal
metaplasia. The intranuclear localization of β-catenin

INTRODUCTION
Catenins are a family of transmembrane proteins, which
play a pivotal role in epithelial intercellular adhesion [1].
Moreover, β-catenin participates in the regulation of cell
proliferation, being a critical component of the surface-tonucleus WNT signal transduction pathways[2,3]. Alterations
of β-catenin expression have been shown to be involved in
cancer development[4]. Indeed, such alterations have been
detected in gastric cancer, showing a correlation with tumor
type, degree of differentiation, and poor survival of
patients [5-9]. On the other hand, scanty data are available
regarding β-catenin expression in precancerous conditions.
Although alterations of some adhesion molecules have been
detected in patients with intestinal metaplasia[10], no significant
remarks emerged from the studies regarding β-catenin
expression in these patients[10,11]. However, such studies were
based on gastrectomy specimens of patients with gastric
cancer and, therefore, only an advanced step of the
carcinogenic process was evaluated.
Gastric carcinogenesis is a multistep process consisting
of a cascade of alterations starting with chronic active
gastritis and progressing to atrophy, metaplasia, and
dysplasia [12]. In particular, intestinal metaplasia is widely
recognized as being the most prevalent precursor of intestinal
type gastric carcinoma[13]. Among environmental factors
involved in carcinogenesis of the stomach, Helicobacter pylori
(H pylori) infection appears to play an important role. Indeed,
epidemiological studies have clearly demonstrated a
significant association between this infection and gastric
cancer development. Moreover, several changes involved in
gastric carcinogenesis such as epithelial cell hyperproliferation,
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free oxygen radical formation, ascorbic acid reduction,
genetic alterations have been described in the gastric mucosa
of infected patients[14-16].
The present study was designed in order to assess β-catenin
expression in patients with intestinal metaplasia but with
neither dysplasia nor gastric cancer, and to look for a possible
relationship between β-catenin expression and either
epithelial proliferation index of gastric mucosa or H pylori
infection status.

MA
TERIALS AND METHODS
MATERIALS
Patients
Patients with dyspeptic symptoms consecutively referred
for upper endoscopy with presence of histology of intestinal
metaplasia in the antrum and without concomitant evidence
of either dysplasia in the stomach or neoplastic lesions in
the upper gastrointestinal tract were selected. Patients were
enrolled irrespectively of H pylori status. Patients who
received proton pump inhibitors, H2-receptor antagonists,
antibiotics or NSAIDs in the 4 wk preceding the study as
well as those previously treated for H pylori infection were
excluded from the study. Patients with either liver impairment
or kidney failure were also excluded.
Endoscopic procedure
After overnight fasting, all patients underwent upper
endoscopy and three biopsies were taken from the antrum
and three from the gastric body. Two biopsies from the
antrum and two from the gastric body were used for
histological assessment. Biopsy specimens of the antrum
were also used for immunohistochemical analysis. The
remaining two biopsies (one each from the antrum and gastric
body) were used to carry out a rapid urease test (CP-test,
Yamanouchi, Milan, Italy). H pylori infection was considered
to be present when both the histological assessment on
Giemsa staining revealed the presence of bacteria and rapid
urease test was positive, as suggested in current guidelines[17].
Immunohistochemical analysis
For β-catenin and proliferation assessment, immunohistochemistry was carried out by the avidin-biotinperoxidase method. Briefly the sections were deparaffinized
in xylene and rehydrated through a graded alcohol series
to distillated water. Antigen retrieval was performed by
immersing the slides in 10 mol/L citrate buffer (pH 6.0)
and heating them in a microwave for 3 cycles, 5 min each,
at 750 W. Endogenous peroxidase activity and non-specific
bindings were blocked by incubation with 3% hydrogen
peroxide and nonimmune serum, respectively. Sections
were then incubated with mAbs against β-catenin (Clone
14, 1:500 dilution; Transduction Laboratories, Lexington,
KY, USA) and mAbs against Ki-67 (Clone MIB-1, 1:100
dilution YLEM, Italy) for 1 h at room temperature.
Immunoreactivity was revealed with the chromogen DAB
test and the sections were counterstained with Mayer
hematoxylin solution for 7 min. Negative control sections
were prepared by substituting primary antibody with
buffered saline.
A semiquantitative approach was used for scoring the
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β-catenin expression according to the method previously
described by Mingchao[10]. Briefly, the staining pattern of
the intestinal metaplastic areas was compared with that of
the adjacent normal gastric mucosa. Expression of β-catenin
in metaplastic areas was considered ‘normal’ when both the
intensity and the frequency of the cell membrane stains
were equivalent to those found on the bordering nonmetaplastic
gastric mucosa, ‘reduced’ when the staining was less than
the adjacent mucosa, and ‘negative’ in the absence of staining.
In addition, when β-catenin stained clearly in the nuclei of
more than 10% of gastric epithelial cells, expression was
judged to be positive for nuclear staining.
A quantitative approach was used instead for scoring
the Ki67 expression. The number of cells was determined
by counting the positively-stained nuclei on 10-20 randomly
selected fields at 400×.
All immunostaining evaluations were performed blindly
and by two independent observers. All sections for which
the two observers disagreed were re-evaluated and, after
opportune discussion, a final agreement was achieved.
Statistical analysis
Data between patient subgroups were compared using the
Student’s t-test for unpaired data, and the Fisher’s exact
test with Yate’s correction for small numbers. A P value
less than 0.05 was considered statistically significant.

RESUL
TS
RESULTS
Overall, 20 consecutive patients (9 male and 11 female;
mean age: 60.8±8.4 years) were enrolled. At endoscopy, no
macroscopic alterations of the gastric mucosa were detected,
whilst two patients showed erosions in the duodenal bulb.
H pylori infection was present in 13 (65%) patients and absent
at both rapid urease test and histology in the seven remaining
patients. Intestinal metaplasia was graded as complete type
in all cases.
β-catenin expression in gastric mucosa
No case of completely negative β-catenin immunostaining
was observed. A reduced expression of β-catenin on the
surface of metaplastic cells as compared to adjacent normal
glands was detected in 13 (65%) out of 20 patients.
Moreover, in eight (40%) patients an intranuclear expression
of β-catenin was detected. Among this group, six (75%)
patients also showed reduced β-catenin expression. When
patients were analyzed according to H pylori infection,
β-catenin expression was decreased in 8 out of 13 infected
patients as well as in 5 out of 7 uninfected cases (P = 0.5).
Similarly, the prevalence of intranuclear localization of
β-catenin expression did not significantly differ between
infected and uninfected patients (4/13 vs 4/7, respectively;
P = 0.2).
Cell proliferation in gastric mucosa
The mean value of Ki67 labeling index proved to be
distinctly higher in eight patients with intranuclear β-catenin
expression as compared to the remaining 13 patients,
although the difference failed to reach statistical significance
(36±8.9 vs 27.2±11.4, P = 0.06). On the contrary, by
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excluding those patients with intranuclear localization of
β-catenin, a similar cell proliferation value was observed
between the seven patients with reduced membranous
expression of β-catenin and the five patients with normal
expression (28.1±11.8 vs 26.1±8.8, P = 0.7). As far the role
of H pylori infection is concerned, data found that patients
with infection had a significantly increased cell proliferation
value than that of uninfected patients (33.3±10.2% vs
24.6±7.4%, respectively, P = 0.04).

DISCUSSION
The integrity of the function of adhesion molecules, such
as E-cadherin and α, β, γ-catenins, allows the maintenance
of normal interactions between cells necessary during
embryogenesis, cell growth, and differentiation[1-3,18]. Loss
of intercellular adhesiveness plays a role in the early steps
of neoplastic transformation, and it is implicated in invasive
growth and metastasization[5-9,19]. β-catenin participates in
the adhesion process by binding the cytoplasmic domain of
E-cadherin and it has been involved in the surface-to-nucleus
WNT signal transduction pathways. Its translocation into
the nucleus may contribute to accelerated cell proliferation[3].
β-catenin mutations in exon 3, interfering with the GSK-3β
phosphorylation domain and leading to intranuclear
accumulation of the protein, have been reported in intestinal
gastric carcinoma as well as in colorectal cancer [20-23].
Moreover reduced β-catenin expression was recorded both
in intestinal type of gastric cancer[5,6,24] and in intestinal
metaplasia surrounding cancer lesions[25], although data are
controversial[10,11,24]. In order to determine whether β-catenin
alterations could be detected early in gastric carcinogenesis,
the present study focused on β-catenin expression in intestinal
metaplasia not associated with gastric cancer. Unlike previous
study [26], in our series a reduction of β-catenin on the
epithelial surface was observed in more than half of the
patients. Intriguingly, a nuclear accumulation of β-catenin
expression in 40% of patients with intestinal metaplasia was
also found, and it was associated with reduced immunostaining
at the intercellular boundaries in 75% of these cases. A
previous study reported a nuclear accumulation of β-catenin
in about 10% of 401 gastric carcinomas, all but one
exhibiting reduced membranous staining[24]. Similarly, an
inverse correlation between decreased membranous and
increased nuclear staining of β-catenin was also observed
in colorectal cancer[27,28]. Interestingly, we observed that
patients with intranuclear β-catenin expression showed higher
values of cell proliferation in the gastric mucosa as compared
to those without it. This is a noteworthy remark in keeping
with previously reported studies focused on the role of
nuclear localization of β-catenin[3]. Indeed, in an experimental
model, colonocyte hyperproliferation was associated with
immunohistochemical alterations in subcellular distribution
of β-catenin and with accumulation of the protein in the
nuclear compartment[29]. This finding, however, has been
not observed in gastric cancer[23,24]. Therefore, it could be
hypothesized that the nuclear β-catenin expression may be
linked to the early stage of carcinogenesis, as seen in
colorectal polyps [30]. Conversely, loss of membranous
expression could allow regenerating cells to dedifferentiate
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and lose cell-cell cohesiveness, properties that would
facilitate the process of epithelial regeneration, as reported
for E-cadherin expression during the reparative process of
peptic ulcer[31]. Similarly, in endometrial glandular cells in
the mid-to-late proliferative phase, nuclear accumulation
of β-catenin was described, suggesting that it could play a
physiological role in the rapid turnover of the cell cycle
without gene mutation[32].
As far the role of H pylori infection is concerned, we
failed to observe a significant difference in β-catenin
expression between infected and uninfected patients,
suggesting that this infection is not directly implicated in
this phenomenon. On the contrary, in agreement with the
results of several studies[14,16], a significant increase in the
epithelial cell proliferation index was detected in H pyloripositive patients as compared to uninfected patients.
In conclusion, in the present immunohistochemical
study, we described alterations in β-catenin expression in
the gastric mucosa with intestinal metaplasia not associated
to other more advanced histological lesions. β-catenin
alterations consisted of both a weakness of membrane
staining and in an intranuclear accumulation of the protein.
Moreover, we observed a distinct increase in cell proliferation
in those patients with intranuclear localization of β-catenin
expression. H pylori infection does not seem to play a role in
β-catenin alterations, whilst it significantly increases cell
proliferation in gastric mucosa with intestinal metaplasia.
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Abstract
AIM: To investigate the possible role of c-erbB-2 and
glutathione S-transferase (GST-Pi) in primary hepatocellular
carcinogenesis and the relationship between liver hyperplastic nodule (LHN), liver cirrhosis (LC), and hepatocellular
carcinoma (HCC).
METHODS: The expression of c-erbB-2 and GST-Pi was
detected immunohistochemically in 41 tissue specimens
of HCC and 77 specimens of its adjacent tissue.
RESULTS: The positive expression of c-erbB-2 in LHN
(28.6%) was significantly higher than that in LC (0%)
(P = 0.032<0.05), but no significant difference was seen
between HCC and LHN or LC (P>0.05, χ2 = 0.002, 3.447).
The positive expression of GST-Pi in HCC (89.6%) or
LHN (71.1%) was significantly higher than that in LC
(22.9%, P<0.001, χ 2 = 49.91, 16.96). There was a
significant difference between HCC and LHN (P<0.05,
χ2 = 6.353).
CONCLUSION: The c-erbB-2 expression is an early event
in the pathogenesis of HCC. GST-Pi may be a marker
enzyme for immunohistochemical detection of human HCC
and its preneoplastic lesions. LHN seems to be a preneoplastic
lesion related to hepatocarcinogenesis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Primary hepatocellular carcinoma (HCC) is one of the most
common malignant tumors in Asia, and the incidence and
mortality of HCC show a tendency to rise year by year.
Therefore, the detection of preneoplastic lesions of HCC
is crucial for the analysis of carcinogenic processes and
developing strategies for prevention and treatment. For many
years, liver hyperplastic nodule (LHN) has been considered
as a preneoplastic lesion. Our previous studies have also
confirmed that LHN is closely related to human HCC.
In the present study, the immunohistochemical LSAB
method was used to detect the expression of c-erbB-2
oncogene and glutathione S-transferase-pi (GST-pi) in HCC
and pericarcinomatous tissues, in order to investigate the
possible roles of these genes in the HCC carcinogenesis, and
to find out the relationship between LHN, liver cirrhosis
(LC), and HCC.
MA
TERIALS AND METHODS
MATERIALS
Materials
HCC specimens from 100 patients were selected during
surgical resections or biopsies performed at the Affiliated
Hospital of Medical College of Qingdao University, China.
Of these patients, 76 were males and 24 females with an
average age of 50.4 years. None of the patients received
chemo- or radiotherapy before resection. We randomly
selected 41 and 77 cases of HCC to detect the expression
of c-erbB-2 and GST-pi, respectively. The same specimens
from 16 cases were detected for both c-erbB-2 and GSTpi, which were too few to be analyzed in terms of the
correlation between them in the present study. Forty-one
specimens for detecting c-erbB-2 oncogene contained 18
pericarcinomatous tissues, including 14 LHN, 17 LC.
Seventy-seven specimens for detecting GST-pi contained
40 pericarcinomatous tissues, including 38 LHN, and 35 LC.
Methods
All specimens were routinely processed, alcohol-fixed and
paraffin-embedded. Serial paraffin sections of 4 µm
thickness were cut and used for hematoxylin and eosin and
immunohistochemical staining. Immunohistochemical LSAB
method was used to detect c-erbB-2 and GST-pi. Anti-cerbB-2 multiple clonal antibody, anti-GST-pi multiple clonal
antibody and LSAB kits were purchased from Dako Co.
Before staining, the sections were microwave heated in
0.05 mol citric acid solution for antigen retrieval. In each
staining run, a known c-erbB-2 or GST-pi positive section
was added as positive control, PBS was used as substitutes
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of the first antibodies for negative control.
Analysis of immunohistochemical staining
When brown granules were found on cell membrane of
liver cells and cancer cells, c-erbB-2 was identified positive.
When only cytoplasm was stained brown, c-erbB-2 was
identified negative. The c-erbB-2 expression was graded semiquantitatively according to the intensity and the percentage
of positivity into negative (-): no positive cells or a weak
staining of c-erbB-2 with positive cells<5%; positive (+): cerbB-2 expression was relatively stronger with the positive
cells>5%. For GST-pi, cells with brown granules in
cytoplasm were regarded as positive. The criteria of the
evaluation of GST-pi expression in this study were as follows.
The positive number was semiquantitatively evaluated by
counting that in 5-10 randomly chosen medium power (×100
magnification), and the three grades for GST-pi were
considered as negative (-): no positive cells; positive (+): the
positive reaction being brown and the positive cells <30%;
strong positive (++): the positive reaction being brown and
the positive cells>30% according to the intensity and extent
of GST-pi staining.
Statistical analysis
Results were analyzed by χ 2-test and direct probability
calculation. P<0.05 was considered statistically significant.

RESUL
TS
RESULTS
Expression of c-erbB-2 oncogene in HCC and its adjacent
tissue
The positive staining for c-erbB-2 in cancer cells was
exclusively located in cell membrane stained brown, the
expression of c-erbB-2 was observed in both cell membrane
and cytoplasm in one of four cases of LHN expressing c-
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erbB-2 (Figure 1A). The c-erbB-2 positive rate was significantly
higher in LHN (28.6%) than that in LC (0%, P value
0.032, direct probability calculation, P<0.05), but no
significant difference was seen between HCC (Figure 1B)
and LHN or LC (χ2 values 0.002, 3.447, P>0.05, Table 1).

Table 1 Expression of c-erbB-2 oncogene in HCC and its adjacent
tissue
Histological
type

Expression of c-erbB-2 oncogene
-

+

Positive rate
(%)

HCC

41

31

10

24.4a

LHN
LC

14
17

10
17

4
0

28.6a
0

a

P<0.05 vs LC.

Expression of GST-pi in HCC and its adjacent tissue
The positive staining for GST-pi appeared as brown granules,
which was predominantly located in the cytoplasm, and the
staining of the nuclei was seen in part of the cancer cells.
There was strong staining of GST-pi in bile duct epithelial
cells. A weak staining of GST-pi was observed in LC with a
positive rate of 22.9% (8/35). GST-pi expression was
markedly stronger in HCC or LHN (Figure 1C). The rates
of positivity were 89.6% (69/77) and 71.1% (27/38),
respectively, and significantly higher than that in LC (χ2
values 49.91, 16.96, P<0.001). There was also a significant
difference between HCC (Figure 1D) and LHN (χ2 value
6.353, P<0.05, Table 2).

DISCUSSION
The c-erbB-2/neu is a transforming proto-oncogene encoding

A

B

C

D

Figure 1 Positive expression of c-erbB-2 and GST-pi in LHN (A,C) and HCC

Case

(B,D), LSAB ×200.
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Table 2 Expression of GST-pi in HCC and its adjacent tissue
Histological
type

Case

HCC

77

LHN
LC

38
35

Expression of GST-pi
- (%)

+ (%)

++ (%)

8 (10.4) 55 (71.4) 14 (18.2)
11 (28.9) 25 (65.8)
27 (77.1) 8 (22.9)

2 (5.3)
0

Positive rate
(%)
89.6
71.1a
22.9b

P<0.05, χ2 = 6.353 vs HCC; bP<0.001, χ2 = 16.96, 49.91 vs LHN and HCC.

a

a transmembrane glycoprotein of 185 ku (P185) with
tyrosine kinase activity and extensive sequence homology
to epidermal growth factor receptor. The c-erbB-2 is in a
state of inactivation under normal condition, and is involved
in regulating cell growth and proliferation[1]. Having been
affected by some endogenous or extraneous carcinogens,
its structure or expression is dysregulated, thus being
activated, and c-erbB-2 becomes oncogene with tumor
transformation activity. In human malignancies, the activation
of c-erbB-2 is most frequently caused by gene amplification,
there is extremely high concordance between copy number
of gene amplification and protein overexpression[2,3]. The
c-erbB-2 is frequently overexpressed in different tumors in
humans, and the activation of c-erbB-2 appears to be an
early event in tumorigenesis for some cancers[4-7]. However,
there seems to be conflicting reports concerning the role
of c-erbB-2 oncogene in carcinogenesis of HCC. Some
studies reported that c-erbB-2 does not play a role in
tumorigenesis of HCC[7], whereas others reported that the
overexpression of c-erbB-2 is found in the middle stage of
hepatocarcinogenesis, and might only have promoting effects
during the development of this lesion[8]. In the present study,
c-erbB-2 overexpression was observed in 24.4% (n = 41)
of HCC tissue specimens and 22.2% (n = 18) of its adjacent
tissue specimens, suggesting that the overexpression of cerbB-2 oncogene plays an initial role in hepatocarcinogeneis,
and is an early molecule change in the carcinogenesis of
HCC. In addition, the expression of c-erbB-2 did not
decrease in the transition from pericarcinomatous tissues
into HCC in the present study, indicating that c-erbB-2 expression
also occurs later in the process of hepatocarcinogeneis and
maintains the transformed hepatocyte phenotype. Apparently,
c-erbB-2 expression can contribute to the initiation and
progression of HCC.
Many studies have demonstrated that c-erbB-2 gene
product not only contributes to the development and
maintenance of malignant phenotype, but also plays a pivotal
role in transformation and tumorigenesis[4,5,9], because 3T3
cells or immortalized cells transfected with c-erbB-2
oncogene show a highly transformed and tumorigenic
phenotype[10,11]. It can be inferred from these studies that
those cells overexpressing c-erbB-2 oncogene are either
cancerous or have malignant phenotype. In the present
study, all four cases overexpressing c-erbB-2 oncogene in
pericarcinomatous tissues were LHN, thus, the positive
expression rate of c-erbB-2 in LHN was 28.6% (n = 14),
and similar to that of HCC, suggesting that those cells
overexpressing c-erbB-2 oncogene in LHN have at least
acquired the malignant phenotype, which may reflect the
alterations in different biologic state of LHN. Some studies
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reported that the increased oncogene expression brings cells
into a state of active proliferation that results in an increased
frequency of mutation[12]. Therefore, it is reasonable to
postulate that the overexpression of c-erbB-2 oncogene may
make LHN transform malignantly, and parts of LHN are
actually in the preneoplastic state or might be cancerous. In
contrast to LHN, the expression of c-erbB-2 oncogene is
negative in LC, implying that there is no activation of cerbB-2 in LC, i.e., it is impossible in this situation for
malignant transformation. There is also no mutation of
p53 in LC, consequently, LC does not necessarily link with
hepatocarcinogenesis. Our findings further confirm the
notion that it is not LC but LHN, is a preneoplastic lesion
for the occurrence of HCC in humans.
GSTs play an important role in protecting cells against
cytotoxic and carcinogenic agents. GST-pi is an acid GST,
isolated and purified from human term placenta, which
possesses catalytic and ligand-binding properties, and is
regarded as a new marker enzyme for tumors. Some studies
reported that GST-pi or GST-pi mRNA is hardly detectable
in normal liver, but markedly increases in preneoplastic
hepatic lesions such as hyperplastic nodules and in HCC by
immunohistochemical staining or in situ hybridization[13-16],
suggesting that GST-pi is a sensitive marker enzyme for
preneoplastic lesions and neoplastic cells, not only at the
protein level but also at the mRNA level, throughout the
hepatocarcinogenesis in rat liver. In addition, other studies
reported that single cells immunohistochemically positive
for GST-pi induced in the rat liver carcinogenesis by chemical
carcinogens are precursor-initiated cells of preneoplastic
foci, GST-pi content in the single cells is higher than that in
preneoplastic foci, and GST-pi is a more sensitive marker
for detection of HCC than γ-GT or AFP[17-20]. Therefore,
it has been generally considered that GST-pi is the most
accurate marker enzyme for detection of the very early
“initiated cells” in chemically induced hepatocarcinogenesis
in rats. It is known that human GST-pi has highly immunological
cross-reaction with rat GST-pi, and the alteration of GSTpi precedes that of cell morphology. Studies in human HCC
are not as advanced as in rats but have revealed close
similarities. To investigate the relationship between GST-pi
and HCC and its preneoplastic lesions, accordingly, may
offer an important enzyme for the early diagnosis of HCC.
The expression of GST-pi might increase abnormally in
the course of the carcinogenesis of many tumors, and it has
been associated with preneoplastic and neoplastic changes[21,22].
Recently, many researches demonstrated that loss of
transcription activity of GST-pi gene promoter in human
malignancies appears to be the result of CpG island DNA
methylation, and this phenomenon is most frequent in breast
and renal carcinomas, and might contribute to the carcinogenetic process in these two carcinomas, while other tumor
types show GST-pi promoter methylation only rarely or
not at all[21-23]. However, some studies reported that GST-pi
promoter hypermethylation changes occur frequently in
human HCC, suggesting that somatic GST-pi inactivation
via CpG island hypermethylation might contribute to the
pathogenesis of HCC[24-27]. When cells display complete
GST-pi hypermethylation in the CpG island, and they fail
to express GST-pi mRNA and the corresponding protein
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product, which is different from our findings. GST-pi
expression was present in 89.6% of HCC and in 71.1% of
LHN in the present study. There are several possibilities
for this (1) There is rare or no GST-pi promoter hypermethylation in pathogenesis of HCC. (2) There is GST-pi
promoter hypermethylation, but loss of GST-pi promoter
hypermethylation in HCC may be due to the emergence of
tumor subclones unmethylated at the GST-pi promoter
during HCC transformation. Such subclones may gain
additional genetic lesions that rendered GST-pi inactivation
no longer necessary for neoplastic cell survival. (3) There is
GST-pi promoter hypermethylation, but it is not responsible
for GST-pi expression, it is the p53 gene mutation existing
in LHN and HCC that activates GST-pi. p53 mutation is
frequently observed in Asian HCC, but it is not a common
event in Western HCC, thus, it is not difficult to interpret
the reason why GST-pi is overexpressed in some studies
whereas GST-pi is absent in other studies though GST-pi
promoter hypermethylation may exist in pathogenesis of
HCC. (4) GST-pi promoter hypermethylation is not a
frequent event in pathogenesis of HCC, it may relate to the
different etiologies of HCC in different geographical areas.
Markedly increased GST-pi content has been found in HCC
investigated, indicating that HCC cells have characteristics
of some fetal cells, as GST-pi content in fetal cells is noticeably
higher than that in adult cells. It can be preliminarily inferred
that GST-pi has relevance to detoxification of liver in
pathogenesis of HCC. Meanwhile, the high expression of
GST-pi in HCC might be associated with the resistance to
anticancer drugs and might protect the tumor cells
themselves against the cytotoxic effects of free radicals, as
described in other tumors[28-31]. It is well-known that GSTpi can detoxify not only electrophiles derived from
xenobiotics, but also endogenous electrophiles usually with
the consequence of free radical damage. These data indicate
that the overexpression of GST-pi may impart a proliferative
advantage in HCC cells due to induction of resistance to
several different cytotoxic mechanisms. In the present study,
the positive rate of GST-pi in HCC was higher than that in
pericarcinomatous tissues, and was significantly higher in
LHN than in LC, showing that GST-pi is activated during
initiation stage or much earlier stage of cell transformation
induced by chemical carcinogens, and may be acquired in
increased amounts during malignant progression. Therefore,
the data obtained in the present study suggest that GST-pi
may be an effective marker enzyme for HCC and its
preneoplastic lesions.
As an important enzyme of detoxification, GST-pi
protects cells against the influence of carcinogenic materials.
However, GST-pi is taken as a double-edged sword in
tumorigenesis, namely, GST-pi protects all cells expressing
it, including normal cells, cells with malignant phenotype,
and tumor cells as well. Many cells in LHN are in a state of
active proliferation, and have acquired the malignant
phenotype, thus GST-pi evolves specifically to protect these
proliferating cells, and these cells inevitably proliferate
rapidly, presenting a clonal expansion. Our findings suggest
that cells overexpressing GST-pi in LHN may relate to the
carcinogenesis of LHN, and some cells in LHN are altered
hepatocytes, which should be treated as preneoplastic cells
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of HCC. In contrast to LHN, the cells in LC appear to
represent quiescent phenotypes unlikely to progress into
HCC.
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Abstract
AIM: To investigate IL-1β+3 594 in the 5th intron, IL-101 082 and CD14-159 polymorphisms in patients with acute
pancreatitis (AP) and septic shock.
METHODS: The study included 215 patients (109 with acute
severe pancreatitis (SAP), 106 with acute mild pancreatitis
(MAP)) and 116 healthy volunteers. Genomic DNA was
prepared from peripheral blood leukocytes. Genotypes and
allele frequencies were determined in patients and healthy
controls using restriction fragment length polymorphism
analysis of PCR products.
RESULTS: The frequencies of IL-1β+3 594T, IL-10-1082G
and CD14-159T allele were similar in patients with mild or
severe pancreatitis and in controls. Within SAP patients, no
significant differences were found in the allele distribution
examined when etiology was studied again. Patients with
septic shock showed a significantly higher prevalence of
IL-10-1082G allele than those without shock (χ2 = 5.921,
P = 0.015).
CONCLUSION: IL-10-1082G plays an important role in
the susceptibility of SAP patients to septic shock. Genetic
factors are not important in determination of disease
severity or susceptibility to AP.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Acute pancreatitis (AP) is a common disease that normally
runs a benign course in the majority of patients. However,
in up to 20% of individuals the disease is severe and may
have a mortality close to 20%[1]. Two weeks after the onset
of acute severe pancreatitis (SAP), sepsis-related complications
resulting from systemic inflammatory response syndrome
(SIRS) or infection of pancreatic necrosis or bacteria
translocation often occur. There is evidence that the
production of tumor necrosis factor-α, interleukin (IL)1β, IL-6, and IL-8 may play a vital role in AP. In addition,
anti-inflammatory response, especially IL-10, plays an
important role in determining prognosis of AP[2]. Several
methods for estimating the complications are widely used
in clinic, such as Atlanta classification, Acute Physiology
and Chronic Health Evaluation II, Imrie and Ranson scores,
Balthazar computed tomographic scoring system, and Creactive protein. However, these methods have little value
in predicting which patients will develop pancreatic infection
and SAP-associated septic shock.
It has been hypothesized that there is a correlation between
polymorphisms in TNF-α, IL-1β, and IL-10 genes and
differential production of respective cytokines[3]. Some of
these polymorphisms affect clinical outcome in inflammatory
diseases including AP[3-5]. IL-10 is an anti-inflammatory
cytokine and plays an important role in downregulating
cell-mediated inflammatory responses. Human IL-10 gene
is located on chromosome 1 and has been mapped to the
junction between 1q31 and 1q32. Three single base pair
(bp) substitutions in IL-10 gene promoter at positions -1
082G-A, -819T-C, and -592A-C from the transcriptional
start site have been identified. At position -1 082 bp from
the transcriptional start site, the presence of G is associated
with higher and A with lower production of IL-10 by PBMC
cultures[6]. In contrast, IL-1β is a potent proinflammatory
cytokine released by macrophages in systemic inflammatory
responses. It not only has important biologic effect but also
regulates inflammatory reaction and immune response by
promoting expression of other cytokines, such as IL-6 and
IL-12. IL-1β gene located on chromosome 2 is 7 kb, and
has seven exons and six introns. A polymorphism is found
at position +3 954 located in the 5th intron of IL-1β gene
with a T substitution of C. In vitro study demonstrated that
IL-1β+3 594 at the 5th exon significantly influences the
production of IL-1β[7]. Their polymorphisms may have some
association with the development of severe AP and septic
shock.
CD14, a 55 ku membrane-anchored protein, is a
pattern-recognition receptor for several microbial products,
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such as lipopolysaccharide (LPS). It can be expressed on
neutrophils, monocytes/macrophages, and fibroblasts, all of
which can produce cytokines such as IL-1 and TNF-α in
response to LPS stimulation[9]. Recently, a-159 G/A polymorphism in the promoter region of CD14 gene involves a
C>T substitution at bp -159 of the 5’ flanking region of
CD14 gene. Genotypes include CC, CT, and TT alleles.
Subjects carrying the T allele have been shown to have
significantly higher sCD14 levels than those carrying the C
allele[8,9]. Therefore, CD14 polymorphism could be a genetic
factor responsible for interindividual differences in the
susceptibility to bacterial infection. However, to the best of
our knowledge, there were no reports on the linkage of
CD14 and pancreatitis.
Our previous studies have shown that some polymorphisms
in TNF gene correlate with severe sepsis or SAP-associated
septic shock, although no association has been found
between TNF gene polymorphisms and SAP [4,5,10]. The
purpose of this study was to test the hypothesis that IL and
CD14 gene polymorphisms have some correlation with the
development of SAP and septic shock.

MA
TERIALS AND METHODS
MATERIALS
Subjects
Patients with a first attack of unequivocal AP from July
2001 to December 2003 were prospectively considered.
The diagnosis of AP was based on an increased-amylase
activity (enzymatic colorimetric test) in serum and CT
verification of pancreatitis. Etiology of AP was gallstones
found in radiological and endoscopic retrograde cholangiopancreatography findings, alcoholic if patients were heavy
consumers of alcohol (more than 80 g of alcohol per day
for over 6 mo)[11], and idiopathic if no other identifiable
cause could be discovered. Pancreatitis was classified as
severe when APACHE II score 8[12] and CT severity index
4[13]. Septic shock was defined according to ACCP/SCCM
consensus conference criteria[14]. The control group consisted
of 116 healthy volunteers. All subjects gave written informed
consent, and the protocol was approved by the local ethics
committee.
In order to be eligible for the enrollment, all the subjects
from the two groups were yellow Chinese Han. The exclusion
criteria were defined as follows: age>75 years, cardiac failure
(class>III), liver insufficiency (Child C), patients with
evidence suggestive of a diagnosis of chronic pancreatitis
and consanguineous mating.
DNA extraction
Genomic DNA was purified from 5 mL of peripheral blood
samples using Wizard genomic DNA purification kit
(Promega) according to the manufacturer’s instructions.
IL-10-1082 G to A substitution
PCR was used to amplify a 377-bp fragment of the IL-10
genomic sequence using primers: upstream, 5’-CCAAGACAACACTACTAAGGCTCCTTT-3; downstream, 5’GCTTCTTATATGCTAGTCAGGTA-3’[15] (Nanjing Bio
for 2 min, 35
Eng Co.). The PCR conditions were at 95
cycles of 95 for 40 s, 56 for 40 s, 72 for 40 s, 72
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for 7 min using reagents purchased from Promega on a
gene cycler (BIO-RAD, Japan). The PCR products were
digested directly with 2 U XagI restriction enzyme (Promega)
for 6 h. Digested DNA was analyzed on 5%
at 37
polyacrylamide gels. Ethidium bromide staining of the gel
demonstrated three fragments of 253, 97, and 27 bp for
G/G, four fragments of 280, 253, 97, and 27 bp for G/A,
two fragments of 280 and 97 bp for A/A.
IL-1β polymorphism
A 249-bp fragment of the IL-1β genomic sequence including
the polymorphic TaqI site was amplified using PCR. The
following nucleotide sequences were used for PCR
amplification: 5’-GTTGTCATCAGACTTTGACC-3’, 5’TTCAGTTCATATGGACCAGA-3’[16] (Nanjing Bio Eng
for 2 min, 35
Co.). The PCR conditions were at 97
for 40 s, 55
for 40 s, 74
for 30 s,
cycles of 95
72 for 7 min using reagents purchased from Promega on
a gene cycler (BIO-RAD, Japan). The PCR products were
digested directly with 2 U TaqI restriction enzyme (Promega)
for 4 h. Digested DNA was analyzed on 5%
at 37
polyacrylamide gels. Ethidium bromide staining of the gel
demonstrated the original 249 bp fragment for T/T, two
fragments of 135 and 114 bp for C/C, three fragments of
249, 135, and 114 bp for C/T.
CD14-159 C/T polymorphism
PCR was used to amplify a 166-bp fragment of the CD14
genomic sequence using primers: upstream, 5’-TGCCAGGAGACACAGAACCC-3’; downstream, 5’-TGTCATTCAGTTCCCTCCTG-3’[9] (Nanjing Bio Eng Co.). The PCR
for 2 min, 35 cycles of 96
for
conditions were at 96
for 40 s, 72
for 30 s, and 72
for 7 min
40 s, 54
using reagents purchased from Promega on a gene cycler
(BIO-RAD, Japan). The PCR products were digested directly
for
with 2 U HaeIII restriction enzyme (Promega) at 37
4 h. Digested DNA was analyzed on 5% polyacrylamide
gels. Ethidium bromide staining of the gel demonstrated
the original 166-bp fragment for T/T, two fragments of
86 and 80 bp for C/C, three fragments of 86, 80, and 166 bp
for C/T.
In addition, 30% of samples were randomly selected to
be genotyped a second time to ensure reproducibility.
Genotyping for all subjects was performed with no
knowledge of clinical status.
Statistical analysis
Allelic frequencies were determined for statistical significance
by χ2 test. Analysis was made by SPSS 11.0, and P<0.05
was considered statistically significant.

RESUL
TS
RESULTS
Characteristics of the patients
On the basis of the selection criteria, 109 patients (59
females and 50 males) with SAP were studied. Thirty-three
developed septic shock (septic shock group), and 76 did
not develop septic shock (nonseptic shock group). The
APACHE II and CT scores at the time of admission were
similar in both septic shock group and nonseptic group.

Zhang DL et al. IL and CD14 genes polymorphisms and ASP

This study was undertaken in selected patients with acute
mild pancreatitis (MAP) (n = 106) as defined by CT severity
index and APACHE II score, and matched with SAP for
age, sex, and cause of pancreatitis. Patients with MAP had
an uneventful recovery. The control group included 116
healthy volunteers (65 females and 51 males).
Polymorphisms of two IL genes
The distribution of IL-10-1 082 and IL-1β polymorphisms
in different groups is shown in Tables 1 and 2. The overall
IL-10-1 082G and IL-1β+3 594T allele frequencies were
similar in patients with mild or severe pancreatitis. Further,
no significant difference in allele frequencies studied was
noted between patients with AP and control subjects.
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pancreatitis. No significant difference in CD14-159T allele
frequency was noted between patients with AP and control
subjects.
Comparison of CD14-159 allele frequency between
septic shock group and nonseptic shock group is shown in
Table 3. No significant difference was found in the allele
frequency between septic shock patients and nonseptic shock
patients.
Comparisons of polymorphisms in different etiologies of SAP
No significant differences were found in the distribution
of allele frequency between any two groups (Table 4).

Table 3 Comparison of allele frequency between septic shock and
nonseptic shock groups
Table 1 Comparison of allele frequency between MAP group and
SAP group

IL-1β
+3 594

IL-10
-1 082

CD-14
-159

MAP (n = 106)

SAP (n = 109)

94
12

95
14

0
12 (5.7)

0
14 (6.4)

0
75

0
81

31
31 (14.6)

28
28 (12.8)

62
14

66
14

30
58 (27.4)

29
57 (26.1)

CC
CT
TT
T allele
GG
AA
GA
G allele
CC
TT
CT
T allele

P
IL-1β
+3 594

0.740

-1 082

0.592

IL-1β
+3 594

IL-10
-1 082

CD-14
-159

CC
CT
TT
T allele
GG
AA
GA
G allele
CC
TT
CT
T allele

Controls (n = 116)

189
26

98
18

0
26 (6.0)

0
18 (7.8)

0
156

0
79

59
59 (13.7)

37
37 (15.9)

128
28

71
13

59
115 (26.7)

32
58 (25.0)

CD-14
-159

Nonseptic shock
(n = 76)

27
6

68
8

0
6 (9.1)

0
8 (5.3)

0
19

0
62

14
14 (21.2)

14
14 (9.2)

19
5

47
9

9
19 (28.8)

20
38 (25.0)

CC
CT
TT
T allele
GG
AA
GA
G allele
CC
TT
CT
T allele

P

0.289

0.015

0.559

0.777

Table 2 Comparison of allele frequency between AP and controls
AP (n = 215)

IL-10

Septic shock
(n = 33)

P

Table 4 Comparison of allele frequency based on different etiologies of SAP (n)%
Allele

Alcoholic
SAP (n = 23)

Gallstone
SAP (n = 49)

Idiopathic
SAP (n = 34)

P

IL-1β+3 594 T

3 (6.5)

6 (6.1)

5 (7.4)

0.952

IL-10-1 082 G
CD-14-159 T

7 (15.2)
11 (23.9)

12 (12.2)
25 (25.5)

9 (13.2)
21 (30.9)

0.886
0.653

0.399

0.437

0.626

The distribution of IL-10-1082G and IL-1β allele
frequencies between septic shock group and nonseptic shock
group is shown in Table 3. Patients with septic shock showed
a significantly higher prevalence of the IL-10-1082G than
those without septic shock (χ2 = 5.921, P = 0.015). No
significant difference in IL-1β+3594T allele frequency was
found between septic shock patients and nonseptic shock
patients.
CD14-159 C/T polymorphism
The distribution of CD14-159 polymorphism in different
groups is shown in Tables 1 and 2. The CD14-159T allele
frequency was similar in patients with mild or severe

DISCUSSION
In humans, there is increasing evidence that the host’s
cytokine response is genetically determined[17]. Polymorphic
gene sequences of certain cytokines may be potential
markers of susceptibility and clinical outcome in different
human infectious diseases. In our study, the frequency of
well-described variants in IL-1β+3 594 at the 5th exon, IL10-1 082, and CD14-159 was examined. Our results
demonstrated that IL-1β+3594T, IL-10-1082G, and
CD14-159T had no correlation with the occurrence or
severity of AP. However, the distribution of IL-10-1082G
in SAP patients varied, and IL-10-1082G allele was found
to be more frequent in septic sock patients than in nonseptic
shock patients (P<0.05). The association between septic
shock patients and IL-10 polymorphism was restricted to
the IL-10-1082G, no such a correlation was seen to either
IL-1β+3 594 at the 5th exon or CD14-159 variant.
Before evaluating the role of a cytokine polymorphism
played in any disease, three questions need to be answered[18,19].
First, are the subjects homogeneous? To avoid artifact in
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population admixture, we selected only Chinese Han people
in China. In addition, the consanguineous mating subjects
were precluded from our study. Second, does the product of
the studied gene play an important role in the pathogenesis
of the disease? The central role of IL-1β, IL-10, and CD14
in the occurrence or severity of AP and septic shock has
been clearly demonstrated by many studies[20-23]. Third, does
the gene polymorphism produce a relevant alteration in the
level or function of the gene product? In vitro, the TaqI
polymorphism in human IL-β gene correlates with IL-β
secretion[10]. In vitro and in vivo studies showed that IL-10-1 082
variant significantly influences the secretion of IL-10[24-27].
With regard to CD14-159 polymorphism, there is mounting
evidence that the SNP in CD14 genome significantly
influences the production of CD14[9].
IL-1 and TNF-α are the most prominent inflammatory
mediators and regarded as the “first-line” cytokines.
Administration of IL-1β to human beings results in
inflammation, tissue injury, and septic shock-like syndrome.
Different polymorphisms of the IL-1β gene have been
described[7,10], and at least two of them could influence the
protein production. One is located within the promoter
region, and the other is located in exon 5. In our present
study, we examined the frequency of IL-1βA TaqI RFLP
at the 5th exon and found that it was comparable in patients
with mild or severe pancreatitis. Similarly, no significant
difference in the allele distribution was noted between
patients and controls. In addition, no significant difference
in the allele frequency was seen between septic shock patients
and nonseptic shock subjects. The results suggest that IL1βA may not play a principle role in the onset of SAP or
SAP-associated septic shock. Our results are in line with
the report by Powell et al.[28].
In the clinical setting, levels of IL-10 showed a steep
increase within the first 24 h from disease onset, and the
level of IL-10 on the first day was found to be higher in
patients with mild AP than in those with severe AP, suggesting
that at position-1082 bp from the transcriptional start site,
the presence of G is associated with higher and A with
lower production of IL-10[6]. Based on the observation, we
postulate that IL-10-1082 polymorphism may have some
association with the occurrence or the severity of AP. In
our study, no significant difference was found in the
frequency of IL-10-1082G between any two groups, but
significant difference was found in the distribution of
IL-10-1082G between septic shock patients and nonseptic
shock patients. The pathophysiology of septic shock is a
complex and multifactorial process, involving an imbalance
between proinflammatory and anti-inflammatory cytokine
release. Our results suggest that in the late stage of SAP,
anti-inflammatory cytokine polymorphism likely plays a
more important role in the pathopoiesis of septic shock
than proinflammatory cytokine polymorphism. The ability
to identify patients at high risk for developing septic shock
may be a critically important factor that will lead to
improvements in the management of septic shock.
CD14, a receptor of LPS, plays a vital role in the mechanism
of SIRS and sepsis. Because of the important role of CD14
with respect to LPS binding and signaling, we postulate that
the polymorphism in the promoter of CD14 gene might be
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an important factor in determining the susceptibility to or
the severity of AP. In our study, we failed to find an
association in CD14-159T frequency between controls and
AP or between AP and SAP, indicating that CD14-159T plays
no part in disease severity or susceptibility to AP. To the
best of our knowledge, there is no report on the association
between CD14-159 polymorphism and pancreatitis so far.
Our result did not show any difference between patients
and controls or between mild pancreatitis and severe
pancreatitis. Furthermore, no significant difference was
found between CD14-159T frequency and septic shock
secondary to severe pancreatitis, indicating that in the late
stage of the disease, CD14-159 polymorphism plays little
role in the onset of SAP-associated septic shock. This is in
line with previous studies[29,30].
Although SAP has many distinct etiologies, the immune
system response appears to be almost identical regardless
of the cause[1]. In our study, we divided SAP patients into
three groups: gallstone pancreatitis, alcohol pancreatitis, and
idiopathic pancreatitis according to the etiology of the
disease. The observed allele frequency of IL-1β+3594T,
IL-10-1082G and CD14-159T was comparable between
groups of different etiologies, suggesting that environmental
factors may play an important role in the occurrence of SAP.
In conclusion, gene polymorphisms have no association
with the occurrence or severity of AP. However, the IL10-1082G may play an important role in the susceptibility
of SAP patients to septic shock.
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honokiol on contractility of the smooth muscles of isolated
gastric fundus strips of rats and isolated ileum of guinea
pigs is associated with a calcium-antagonistic effect.
Magnolol and honokiol can improve the gastric emptying
of a semi-solid meal and intestinal propulsive activity in
mice.
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Abstract
AIM: To study the effects of magnolol and honokiol on
isolated smooth muscle of gastrointestinal tract and their
relationship with Ca2+, and on the gastric emptying and
the intestinal propulsive activity in mice.
METHODS: Routine experimental methods using isolated
gastric fundus strips of rats and isolated ileum segments of
guinea pigs were adopted to measure the smooth muscle
tension. The effects of magnolol 10-3, 10-4, 10-5 mol/L, and
honokiol 10-4, 10-5, 10-6 mol/L on the contractility of gastric
fundus strips of rats and ileum of guinea pigs induced by
acetylcholine (Ach) and 5-hydroxytryptamine (5-HT) was
assessed respectively. The method using nuclein and
pigment methylene blue was adopted to measure the
gastric retention rate of nuclein and the intestinal propulsive
ratio of a nutritional semi-solid meal for assessing the effect
of magnolol and honokiol (0.5, 2, 20 mg/kg) on gastric
emptying and intestinal propulsion.
RESULTS: Magnolol and honokiol significantly inhibited
the contractility of isolated gastric fundus strips of rats
treated with Ach or 5-HT and isolated ileum guinea pigs
treated with Ach or CaCl2, and both of them behaved as
non-competitive muscarinic antagonists. Magnolol and
honokiol inhibited the contraction induced by Ach in Ca2+free medium and extracellular Ca2+-dependent contraction
induced by Ach. Each group of magnolol and honokiol
experiments significantly decreased the residual rate of
nuclein in the stomach and increased the intestinal propulsive
ratio in mice.
CONCLUSION: The inhibitory effect of magnolol and

INTRODUCTION
Cortex Magnoliae officinalis is a traditional Chinese herb,
belonging to “prokinetic agent” of Chinese herbs. It can
improve the symptoms of abdominal distention, dyspepsia,
nausea, and vomiting, etc., in gastrointestinal diseases.
Magnolol and honokiol are the main components of
magnoliae bark. Both can relieve spasm of smooth muscle
and stop vomiting, etc. Magnolol also has an anti-allergic,
anti-asthma and anti-inflammatory effect[1], and honokiol
has an anxiolytic effect[2-4] and a cardiac muscle protective
effect[5]. We used the isolated gastric fundus strips of rats
and isolated ileum segments of guinea pigs to measure the
smooth muscle tension for assessing the effects of magnolol
and honokiol on the contractility of gastric fundus strips of
rats induced by acetylcholine (Ach) and 5-hydroxytryptamine
(5-HT), and ileum of guinea pigs induced by Ach and CaCl2.
Nuclein and pigment methylene blue were used to measure
the gastric retention rate of nuclein and the intestinal propulsive
ratio of a nutritional semi-solid meal for assessing the effect
of magnolol and honokiol on gastric emptying and intestinal
propulsion.
MA
TERIALS AND METHODS
MATERIALS
Preparation of magnolol and honokiol: Magnolia bark
(Magnolia officinalis Rehd. et Wils.) was purchased from
Shenyang Medicinal Material Company. The voucher specimens
of Magnolia officinalis Rehd. et Wils. was identified by
Professor Sun of Shenyang Pharmacy University. Magnolol
and honokiol were extracted in Shenyang Pharmacy University.
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Magnolol and honokiol were dissolved in a very small
amount of ethanol. In isolated and in vivo experiments the
resultant solution was diluted with a 10% aqueous solution
of Tween-80. Subsequently, the solution was diluted with
distilled water, so that the final concentration of both ethanol
and Tween-80 in the vehicle was 0.5%.
Propulsid (cisapride tablet, 5 mg/tablet) was produced
by Xi’an Pharmaceutical Company Ltd (batch number:
030815020). Cisapride was crushed and dissolved in distilled
water to make a 0.15 mg/mL cisapride solution.
Methylthioninium chloride injection (20 mg/2 mL) was
produced by Beijing Yongkang Pharmaceutical Company Ltd.
Preparation of a semi-solid nutritious meal[6]: Ten grams
of carboxymethylcellulose was added to 250 mL of distilled
water. After the mixture was agitated, 16 g of milk powder,
8 g of cane sugar and 8 g of cornstarch were added to the
mixture. The resulting mixture was a white semisolid paste.
Animals
Rats (200-300 g) and guinea pigs (200-300 g) of either sex
were raised in cages in groups of five male mice (18-22 g)
at a constant temperature (22±2 ) with free access to
food and water.
Method
Effects of magnolol and honokiol on contractility of
gastric fundus strips of rats induced by Ach and 5-HT
Isolated gastric fundus strips of rats were prepared and mounted
on an organ bath (Magnus’ bath) containing 30 mL of Kreb’s
solution bubbled with 95% O2+50 mL/L CO2 (pH 7.3-7.4 at
37 ) under a resting tension of 1 g. The muscular tension,
measured with a force transducer, was displayed on a MS302 biosignal recording and analyzing system. The
preparations were allowed to equilibrate for 50 min. After
equilibration, 3×10-3 mol/L Ach 0.1 mL or 3×10-6 mol/L
5-HT 0.2 mL was added in the bath to activate the gastric
fundus strips. When it reached its maximum contraction, it
was washed with Kreb’s solution to regain spontaneous
contraction. Then Ach or 5-HT was added to the bath from
low to high logarithmic doses to make the final respective
concentrations of 10-8, 3×10 -8, 10-7, 3×10-7, 10-6, 3×10 -6,
10 -5, 3×10 -5, 10 -4, 3×10 -4 mol/L, or 10 -10, 3×10 -10, 10 -9,
3×10-9, 10-8, 3×10-8, 10-7, 3×10-7, 10-6, 3×10-6 mol/L. The
accumulated concentration-efficacy curve was made. When
the curve reached its peak, the gastric fundus strips were
washed thrice at 5-min intervals with Kreb’s solution to
wash the Ach out. After 15-min equilibration the drugs were
added to the organ bath in respective doses (final
concentrations of magnolol were 10-5, 10-4 or 10-3 mol/L,
honokiol were 10-6, 10-5 or 10-4 mol/L). The accumulated
concentration-efficacy curve was made after 1 min.
We made the maximum efficacy (Emax) of Ach or 5-HT
as 100%, and calculated the effect percentage (E/Emax) of
each concentration of Ach or 5-HT. Then the cumulative
concentration-efficacy curves were drawn with E/Emax as
the ordinates and the negative logarithm of final concentration
of Ach or 5-HT (-log[A]) as the abscissae.
Effects of magnolol and honokiol on the contractility
of the ileum of guinea pigs induced by Ach Terminal
ileum segments from guinea pigs were prepared and
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suspended vertically in organ baths containing 30 mL of
Tyrode’s solution bubbled with 95% O 2+50 mL/L CO 2
(pH 7.3-7.4 at 37 ) under a resting tension of 1 g. The
spontaneous contractions were measured after equilibration
for 50 min, 3×10-3 mol/L. Ach 0.1 mL was added in the
bath to activate the ileum. When it reached its maximum
contraction, it was washed in Tyrode’s solution to regain
spontaneous contractions. The cumulative concentrationefficacy curves of Ach were made, then the curve was
remade after magnolol and honokiol were added in the
organ bath respectively (the final concentrations were the
same in method 1).
Effects of magnolol and honokiol on the contractility
of the ileum of guinea pigs induced by CaCl2 After
equilibration of guinea pig ileum segments in Ca2+-free
Tyrode’s solution (CaCl2 was omitted from normal Tyrode’s
solution) for 40 min they were changed with Ca2+-free high
K+-depolarized Tyrode’s solution. Ca2+-free Tyrode’s solution
was (the equal mole NaCl was replaced with 80 mmol/L
KCl in the Ca2+-free Tyrode’s solution) to make the smooth
muscle depolarization after 30 min, CaCl2 was added to the
bath from low to high logarithmic doses (final concentrations
were 10 -5 , 3×10 -5 , 10 -4 , 3×10 -4 , 10 -3 , 3×10 -3 , 10 -3 , and
3×10-3 mol/L respectively) and the cumulative concentrationefficacy curves were drawn. The ileum segments were
washed with the Ca2+-free Tyrode’s solution till the muscular
tension regained the normal contraction. After 30 min, Ca2+free Tyrode’s solution was changed with Ca2+-free high K+
Tyrode’s solution and magnolol and honokiol were added
respectively. After 30 min, the cumulative concentrationefficacy curves were drawn.
Effects of magnolol and honokiol on the two contractile
components of Ach After equilibration for 1 h in Tyrode’s
solution, guinea pigs ileum segments were washed with Ca2+free Tyrode’s solution thrice and incubated for 30 min, then
3×10-3 mol/L Ach 0.2 mL (2×10-5 mol/L) was added to the
solution and it produced a brief contraction (the first or
initial phasic contraction) that was induced by the release
of intracellular calcium. When the ileum segments reached
maximal contraction, CaCl2 0.2 mL (2×10-2 mol/L) was
added and caused an advanced contraction (the second
phasic contraction or sustained tonic component) induced
by the extracellular calcium influx evoked by Ach. The ileum
segments were washed with Ca2+-free Tyrode’s solution and
incubated in Ca2+-free Tyrode’s solution for 30 min; meanwhile
magnolol (final concentrations were 10-5, 10-4 or 10-3 mol/L)
or honokiol (final concentrations were 10-6, 10-5 or 10-4 mol/L)
was added respectively, then Ach and CaCl2 were added
successively. The guinea pig ileum segments produced the
first and second contractions respectively.
Effects of magnolol and honokiol on gastrointestinal
movement in mice Magnolol and honokiol were dispensed
as before to the concentrations of 0.5, 2.0, and 20 mg/L.
Mice were allocated randomly to a control group (administrated
orally with distilled water), a cisapride group, and experimental
groups. They were given orally either magnolol 0.5, 2.0,
and 20 mg/L, or honokiol 0.5, 2.0, and 20 mg/L, respectively.
Nuclide and pigment methylene blue were used to measure
the gastric retention rate of nuclide and intestinal propulsive
ratio of nutritious semi-solid meal. After having fasted for
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12 h, the mice were given orally either 0.2 mL/10 g of
each of the above substances or 0.2 mL/10 g of distilled
water. After 30 min, each mouse was given orally a semisolid nutritious meal containing 99mTc-DTPA 0.05 mCi/10 g
and a small quantity of methylthioninium chloride. The mice
were killed after 20 min, and dissected. Residual nuclide in
the gastrointestinal tract was measured by a radioactivity
monitor. The gastric residual nuclide rate (%) = (gastric
retention nuclide/total nuclide in gastrointestinal tract)
×100%. Intestinal propulsive ratio (%) = (distance from
sphincter of pylorus to the distal pigment methylene/
distance from sphincter of pylorus to the ileocecum)×100%.

rats induced by cumulative concentration of Ach, and the
effect increased with the increase of dosage. The PD2’ values
of magnolol and honokiol were 5.09 and 4.99 respectively.

Statistical analysis
Results were expressed as mean±SD. Comparisons between
groups of data were made by the Student’s t-test or t-test
of paired comparison.

Effects of magnolol and honokiol on the two contractile
components of Ach (Table 1)
Magnolol and honokiol inhibited the contraction of ileal
segments induced by Ach in Ca2+-free medium and the
extracellular Ca2+-dependent contraction induced by Ach.
Magnolol 10-5, 10 -4 or 10-3 mol/L and honokiol 10-6,
-5
10 or 10-4 mol/L inhibited significantly the two contractile
components induced by Ach.

RESUL
TS
RESULTS
Effects of magnolol and honokiol on the contractility of gastric
fundus strips of rats induced by Ach and 5-HT (Figure 1)
The data showed that magnolol and honokiol inhibited
incompetitively the contraction of gastric fundus strips of
rats induced by cumulative concentrations of Ach and 5HT, and the effect increased with the increase of dosage.
The antagonistic parameters (PD 2’) of magnolol and
honokiol were 3.66 and 4.31 for Ach, and 5.08 and 4.91 for
5-HT respectively.
Effects of magnolol and honokiol on the contractility of guinea
pig ileum induced by Ach (Figures 2A and B)
The data showed that magnolol and honokiol antagonized
incompetitively the contraction of gastric fundus strips of

Ach
Magnolol 10-3 mol/L
Magnolol 10-4 mol/L
Magnolol 10-5 mol/L

1.2
1.0
0.8

Table 1 Effects of magnolol and honokiol on the two contractile
components of Ach (%, mean±SD, n = 6)
Group (mol/L)
Magnolol 10

First phase

–3

89.08±7.32

Second phase

b

86.89±8.04b

Magnolol 10–4

83.80±11.18b

Magnolol 10–5

66.48±12.95b

75.39±10.53b

Honokiol 10–4

74.54±6.75b

91.11±3.89b

Honokiol 10–5

68.93±10.90b

82.11±5.51b

Honokiol 10
b

–6

45.68±4.92

92.97±4.70b

b

78.95±5.83b

P<0.01 vs others.

1.4
1.2
1.0

Ach
Honokiol 10-4 mol/L
Honokiol 10-5 mol/L
Honokiol 10-6 mol/L

0.8

0.6

0.6

0.4

0.4

0.2

0.2

0.0
-0.2

Effects of magnolol and honokiol on the contractility of ileum
segments of guinea pigs induced by CaCl2 (Figures 2C and D)
The data showed that magnolol and honokiol antagonized
incompetitively the contraction of gastric fundus strips of
rats induced by cumulative concentration of CaCl2, and
the effect increased with the increase of dosage. The PD2’
values of magnolol and honokiol were 4.34 and 4.84
respectively.

0.0
8.0 7.5

1.2
1.0
0.8
0.6
0.4
0.2
0.0
-0.2
-0.4 10.0 9.5

7.0

6.5

6.0

5.5

5.0

4.5

4.0

3.5

5-HT
Magnolol 10-3 mol/L
Magnolol 10-4 mol/L
Magnolol 10-5 mol/L

9.0

8.5

8.0

7.5

-0.2

8.0 7.5 7.0

6.5 6.0

5.5 5.0

4.5

4.0

3.5

6.5

6.0 5.5

5-HT
Honokiol 10-4 mol/L
Honokiol 10-5 mol/L
Honokiol 10-6 mol/L

7.0

6.5

6.0

5.5

Figure 1 Effect of magnolol and honokiol on the contractility of rat gastric
fundus strips induced by Ach and 5-HT. Magnolol effects on contractility of rat

1.2
1.0
0.8
0.6
0.4
0.2
0.0
-0.2 10.0 9.5 9.0

8.5

8.0 7.5 7.0

gastric fundus strips induced by Ach (A) and 5-HT (C); Honokiol effects on
contractility of rat gastric fundus strips induced by Ach (B) 5-HT (D) (n = 6).
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Effects of magnolol and honokiol on gastrointestinal movement
in mice (Table 2)
In the experimental groups of magnolol 0.5, 2.0, and 20 mg/L,
or honokiol 0.5, 2.0, and 20 mg/L, the gastric nuclide
retention rate was significantly lower and the intestinal
propulsive ratios were significantly higher than those in the
control group, indicating that magnolol and honokiol could
improve the gastric emptying of a semi-solid meal and
intestinal propulsion in mice.

Table 2 Effects of magnolol and honokiol on gastrointestinal movement in mice (mean±SD, n = 20)
Group (mg/kg)

Rate of gastric residual
nuclide (%)

Control
Cisapride
Magnolol 0.5
Magnolol 2
Magnolol 20
Honokiol 0.5
Honokiol 2
Honokiol 20

Intestinal propulsive
ratio (%)

50.05±12.74
22.26±9.17b
24.61±10.90 b
26.40±12.14 b
25.96±8.44b
24.91±11.30 b
34.11±12.25 b
33.22±13.64 b

47.92±8.49
61.92±11.77b
57.14±13.12b
55.46±11.26b
60.30±10.52b
53.57±9.54a
54.54±8.29b
53.53±9.90a

a

P<0.05, bP<0.01 vs control.

DISCUSSION
Magnolol and honokiol are neolignan-derivatives present
in Magnolia bark, which is used in the treatment of abdominal
distention and vomiting. The experimental results indicated
that magnolol and honokiol significantly inhibited the
contractility of isolated gastric fundus strips of rats treated
with Ach or 5-HT and isolated ileum of guinea pigs treated
with Ach or CaCl 2, and both of them behaved as non-

1.2
1.0
0.8
0.6
0.4
0.2
0.0
-0.2
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competitive muscarinic antagonists. Magnolol and honokiol
inhibited the ileal contraction induced by Ach in Ca2+-free
medium and extracellular Ca 2+-dependent contraction
induced by Ach.
The contraction of gastrointestinal smooth muscle
depends on the mediation of intracellular Ca2+, and is
accomplished by the process of excitation–contraction
coupling (E-C coupling). The free Ca2+ originated from the
release of intracellular calcium and the restoration of
extracellular calcium[7]. A high-K+ medium could depolarize
the cellular membrane of ileum longitudinal smooth muscle,
activate the potential-dependent calcium channel (PDC),
and result in the inflow of calcium and the contraction of
smooth muscles. Our experimental results indicated that
magnolol and honokiol could block the transmembrane
inflow of calcium through PDC, inhibit the contraction of
smooth muscle, and relieve the spasm of smooth muscles.
Physical active substances Ach and 5-HT can increase
the tension of gastrointestinal smooth muscle, and the agonist
Ca2+ is derived from various resources. The two components
of intracellular and extracellular calcium were involved in
the contraction of smooth muscles induced by Ach. The
first phasic contraction induced by Ach in Ca2+-free medium
depended on the release of intracellular calcium. The second
phasic contraction based on the first phase after the addition
of calcium was caused by Ach facilitating the inflow of
extracellular calcium through the receptor-operated calcium
channel (ROC). In this study, magnolol and honokiol
significantly inhibited the first and the second phasic contractions
of smooth muscles induced by Ach, indicating that the two
components of magnolia bark not only have an intracellular
point of action but also inhibit the contraction of smooth
muscles by blocking the inflow of calcium through ROC.
Normal gastric motility involves gastric fundus, corpus,

Ach

Ach
Magnolol 10-3 mol/L
Magnolol 10-4 mol/L
Magnolol 10-5 mol/L

Honokiol 10-4 mol/L
Honokiol 10-5 mol/L

1.2

Honokiol 10-6 mol/L

1.0
0.8
0.6
0.4
0.2
0.0

8.0

7.5

7.0

6.5

6.0

-0.2

8.0

CaCl 2

1.2
0.8

6.5

1.2

Honokiol 10-4 mol/L

1.0

Honokiol 10-5 mol/L

6.0

5.5

Honokiol 10-6 mol/L

0.8

0.6

0.6

0.4

0.4

0.2

0.2

0.0
-0.2

7.0

CaCl 2

Magnolol 10-3 mol/L
Magnolol 10-4 mol/L
Magnolol 10-5 mol/L

1.0

7.5

0.0
5.0

4.5

4.0

3.5

3.0

2.5

2.0

1.5

Figure 2 Effect of magnolol and honokiol on the contractility of guinea pig ileum
segments induced by Ach and CaCl 2. Magnolol effects on the contractility of

-0.2

5.0

4.5

4.0

3.5

3.0

2.5

2.0

1.5

guinea pig ileum induced by Ach (A) and CaCl2 (C); Honokiol effects on contractility
of guinea pig ileum segments induced by Ach (B) and CaCl2 (D) (n = 6).
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antrum, pylorus, and antroduodenal coordination. As food
is swallowed, the gastric fundus relaxes to accommodate
the incoming nutrients. This is termed receptive as relaxation,
which is coordinated by vagal efferent activity via nonadrenergic,
noncholinergic mechanisms. As swallowing during the meal
continues, the fundic filling and relaxation continue with
little increase in intraluminal pressure. Gastric distention
and activation of mechanoreceptor and stretch receptors
stimulate vagal afferent nerve activity, which in turn modifies
vagal efferent traffic.
The emptying of solid foods is accomplished by complex
interplays among intra-gastric pressure, gastric peristalses,
pyloroduodenal resistance, and neuroendocrine responses
elicited by the specific components of the particular meal.
In this study, magnolol and honokiol could significantly
decrease the residual rate of nuclein in stomach and increase
the intestinal propulsive ratio of semi-solid nutritious meal
in mice, and there was no significant difference between
them and cisapride. Combined with the study above, the
functions in improving the gastric emptying and intestinal
propulsive action may relate to their functions of relaxation
of gastrointestinal smooth muscles.
Disorders of stomach motility and intestinal propulsion
are involved in functional gastroenterological diseases such
as gastroesophageal reflux disease, functional dyspepsia,
irritable bowel syndrome, chronic constipation, etc. [8] ,
gastroparesis [9], postoperative gastrointestinal atony [10],
chronic intestinal pseudo-obstruction[11], and many other
diseases. Prokinetic agents such as domperidone and
cisapride are important therapeutic drugs [12,13] . But
domperidone and cisapride have some severe side-effects,
such as prolongation of the QT interval and cardiac
arrhythmias[14,15]. There are rich resources of natural herbs
in China, which may provide a valuable source of effective
prokinetic agents.

REFERENCES
1

Wang JP, Ho TF, Chang LC, Chen CC. Anti-inflammatory
effect of magnolol, isolated from Magnolia officinalis, on
A23187-induced pleurisy in mice. J Pharm Pharmacol 1995;

2

3

4

5

6

7

8

9

10

11
12

13
14

15

July 28, 2005

Volume 11

Number 28

47: 857-860
Kuribara H, Kishi E, Hattori N, Yuzurihara M, Mjaruyama
Y. Application of the elevated plus-maze test in mice for
evaluation of the content of honokiol in water extracts of
magnolia. Phytother Res 1999; 13: 593-596
Kuribara H, Stavinoha WB, Maruyama Y. Behavioural pharmacological characteristics of honokiol, an anxiolytic agent
present in extracts of magnolia bark, evaluated by an elevated
plus-maze test in mice. J Pharm Pharmacol 1998; 50: 819-826
Kuribara H, Kishi E, Hattori N, Okada M, Maruyama Y. The
anxiolytic effect of two oriental herbal drugs in Japan attributed to honokiol from magnolia bark. J Pharm Pharmacol 2000;
52: 1425-1429
Tsai SK, Huang SS, Hong CY. Myocardial protective effect of
honokiol: an active component in Magnolia officinalis. Planta
Med 1996; 62: 503-506
Francis J, Critchley D, Dourish CT, Cooper SJ. Comparisons
between the effects of 5-HT and DL-fenfluramine on food
intake and gastric emptying in the rat. Pharmacol Biochem
Behav 1995; 50: 581-585
Bauer V, Holzer P, Ito Y. Role of extra- and intracellular
calcium in the contractile action of agonists in the guinea-pig
ileum. Naunyn Schmiedebergs Arch Pharmacol 1991; 343: 58-64
Hunt RH. Evolving concepts in the pathophysiology of functional gastrointestinal disorder. J Clin Gastroenterol 2002; 35
(1 Suppl): S2-6
Tomi S, Plazinska M, Zagorowicz E, Ziolkowski B, Muszynski
J. Gastric emptying disorders in diabetes mellitus. Pol Arch
Med Wewn 2002; 108: 879-886
Hep A, Prasek J, Filipinsky J, Navratil P, David L, Dolina J,
Dite P. Cisapride (Prepulsid) in the prevention of postoperative gastrointestinal atony. Rozhl Chir 1998; 77: 101-104
Quigley EM. Chronic Intestinal Pseudo-obstruction. Curr Treat
Options Gastroenterol 1999; 2: 239-250
Veldhuyzen van Zanten SJ, Jones MJ, Verlinden M, Talley NJ.
Efficacy of cisapride and domperidone in functional (nonulcer)
dyspepsia: a meta-analysis. Am J Gastroenterol 2001; 96: 689-696
Barone JA. Domperidone: a peripherally acting dopamine2receptor antagonist. Ann Pharmacother 1999; 33: 429-440
Drolet B, Rousseau G, Daleau P, Cardinal R, Turgeon J.
Domperidone should not be considered a no-risk alternative
to cisapride in the treatment of gastrointestinal motility
disorders. Circulation 2000; 102: 1883-1885
Layton D, Key C, Shakir SA. Prolongation of the QT interval
and cardiac arrhythmias associated with cisapride: limitations of the pharmacoepidemiological studies conducted and
proposals for the future. Pharmacoepidemiol Drug Saf 2003;
12: 31-40
Science Editor Wang XL Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(28):4419-4422
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Effect of early nutrition on intestine development of intrauterine
growth retardation in rats and its correlation to leptin
Xiao-Shan Qiu, Ting-Ting Huang, Zhen-Yu Shen, Hui-Ying Deng, Zhi-Yong Ke
Xiao-Shan Qiu, Ting-Ting Huang, Zhen-Yu Shen, Zhi-Yong
Ke, Pediatric Department, the First Affiliated Hospital of Sun
Yat-Sen University, Guangzhou 510080, Guangdong Province, China
Hui-Ying Deng, Guangzhou Children’s Hospital, Guangzhou
510120, Guangdong Province, China
Supported by the Science and Technology Bureau Foundation of
Guangdong Province, No. 99M04815G
Correspondence to: Dr. Ting-Ting Huang, Department of Pediatrics,
the First Affiliated Hospital of Sun Yat-Sen University, Guangzhou
510080, Guangdong Province, China. huangtt cn@yahoo.com
Telephone: +86-20-88551570
Received: 2004-09-22 Accepted: 2004-11-19

Abstract
AIM: To investigate the intestine and body development
of intrauterine growth retardation (IUGR) rats under early
different protein diet and to analyze the correlation
between leptin and intestine and body development.
METHODS: An IUGR rat model was established by food
restriction of pregnant female rats. Fifty-six neonatal IUGR
rats and 24 neonatal normal rats were randomly divided
into normal control group (C group), IUGR model group
(SC group), low protein diet IUGR group (SL group), and
high protein diet IUGR group (SH group). Eight rats were
killed per group at wk 0, 4, and 12. Serum leptin, body
weight (BW), body length (BL), intestinal weight (IW),
intestinal length (IL), and intestinal disaccharidase (including
lactase, maltase, and saccharase) were detected.
RESULTS: BW (4.50±0.41 g), BL (5.96±0.40 cm), IW
(0.05±0.01 g), and IL (15.9±2.8 cm) in neonatal IUGR rats
were much lower than those in C group (6.01±0.55 g,
6.26±0.44 cm, 0.10±0.02 g, 21.8±2.7 cm, P<0.05), while
intestinal lactase and maltase activities were higher than
those in C group. SH group showed the fastest catch up
growth and their BW, BL, IW, and IL reached the C group
level at wk 4. SC group showed relatively slower catch
up growth than SH group, and their BW, BL, IW did not
reach the C group level at wk 4. SL group did not show
intestine and body catch up growth. Intestinal maltase
[344±33 µmol/(min·g)] and saccharase activities [138±32
µmol/(min·g)] in SL group were both markedly lower than
those in C group [751±102, 258±27 µmol/(min·g), P<0.05].
There were no significant differences in lactase activities
at wk 4 and disaccharidase activities at wk 12 among all
groups (P>0.05). The leptin level in SL group (0.58±0.12
ng/mL) was the highest in all groups, and much lower in
SH group (0.21±0.03 ng/mL) than that in any other IUGR
groups at wk 4 (P<0.05). Leptin was negatively related

to BW (r = -0.556, P = 0.001), IW (r = -0.692, P = 0.001)
and IL (r = -0.738, P = 0.000) at wk 4, while no correlation
was found at wk 12.
CONCLUSION: High protein diet is a reasonable early
nutritional mode to IUGR rats in promoting intestine and
body catch up growth.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The incidence rate of intrauterine growth retardation (IUGR)
is about 7.5-8.7% in our country. Development of the
stomach and intestine is closely related to the body growth,
it affects and is also reversely affected by nutrition. As a
protein coded by ob gene (obesity gene), leptin is a
neuroendocrine regulatory factor secreted from mature
adipocytes into blood. Leptin can pass through blood-brain
barrier and has a central effect on feeding behavior. It was
reported[1] that IUGR rats have temporarily high leptin level
to regulate growth hormone secretion and growth during
catch up growth. Since the infant growth is mainly regulated
by nutrition, and nutritional intake is controlled by the
development of stomach and intestine and leptin level, our
study aimed to investigate the intestine, intestinal
disaccharidase and body development and their relation to
serum leptin at wk 4 (childhood) and 12 (adulthood) in
order to offer some animal research data for early nutritional
intervention of IUGR.
MA
TERIALS AND METHODS
MATERIALS
Materials and animals
Leptin kit was purchased from Diagnostic Systems
Laboratories (USA). Glucose and disaccharidase enzyme
kits were purchased from Great Wall Company (Baoding,
Hebei Province, China).
The second class SD female rats were bought from
Animal Center of Sun Yat-Sen University and mated with
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male rats. IUGR model was established by food restriction
of pregnant female rats[2]. The standard of IUGR was that
the birth weight -2SD lower than control normal group
(5.1 g). Fifty-six newborn IUGR rats and 24 newborn normal
rats were randomly divided into normal control group (C
group), IUGR model group (SC group), low protein diet
IUGR group (SL group), and high protein diet IUGR group
(SH group). The former two groups were fed with 22.5%
normal protein diet, while the latter two groups with 11.3%
low-protein diet and 28.6% high-protein diet respectively.
All the rats were weaned when they were 3 wk old and
fed with original diet till the 4th wk and then with normal
protein diet till the end of the experiment. Components of
the diets are shown in Table 1.

Table 1 Content ratio of different components (g) in 100 g food
Components

Protein

Fat

Normal diet
High protein diet

22.5
28.6

3.9
3.9

57.8
56.8

1 583.4
1 625.4

Low protein diet
χ2

11.3
10.09

8.5
3.04

58.7
0.09

1 558.2
–

P

0.006a

0.22

0.96

–

a

Carbohydrate

Total energy
(kJ/100 g)

P<0.05 vs other.

Methods
Body weight (BW) and body length (BL, from nose to tail)
of each rat were measured at wk 0, 4, and 12. Eight newborn
female rats of IUGR group and C group were killed right
after birth. Another eight female rats were killed per group
after being fasted for 10-12 h at wk 4 and 12 respectively.
Blood sample was taken from the eyeballs and kept at -30 .
Serum leptin was monitored by ELISA.
Abdomen was opened right after the rats were killed.
Intestinal weight (IW) and intestinal length (IL) were
measured from the beginning of jejunum to the end of
ileum, and then 10 cm proximal end of the jejunum (about
3 cm from the beginning of jejunum) was cut, weighed,
and homogenized. The disaccharidase activities (including
lactase, saccharase, and maltase) were measured.
Statistical analysis
Results were expressed as mean±SD. All data were analyzed
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by the SPSS 10.0 statistical package. ANOVA test was used
to compare these four groups. Least significant difference
was used to compare every two groups when variance was
regular, while Dunnett T3 test was used when variance was
irregular. Pearson’s test was used in correlation analysis.

RESUL
TS
RESULTS
Development of body and intestine and disaccharide activity
in newborn IUGR rats and normal rats
The BW, BL, IW, and IL of newborn IUGR rats were
significantly lower than those of C group (P<0.05), while
lactase and maltase activities were higher than those in C
group. There was no significant difference in saccharase
activity between the two groups (Table 2).
Development of intestine and body of rats
SH group showed the fastest catch up growth, and BW,
BL, IW, and IL reached the C group level at wk 4 (P>0.05).
BW, BL, IW, and IL in SL group at wk 4 and 12 were all
markedly lower than those in normal control group (P<0.05).
BW, BL, and IW in SC group at wk 4 were all significantly
lower than those in C group (P<0.05). IL in SC group was
lower than that in C group at wk 12. There were no
significant differences in BW, BL, and IW between the two
groups (P>0.05).
Intestinal maltase and saccharase activities in SL group
were markedly lower than those in C group (P<0.05). There
was no significant difference in lactase activity between the
two groups at wk 4 (P>0.05). Maltase activity in SH group
was lower than that in C group (P<0.05). There were no
significant differences in disaccharidase activity between
groups at wk 12 (P>0.05).
Leptin in SL group was significantly higher than that in
SC and C groups, and lower in SH group than that in SC
group at wk 4 (P<0.05). Leptin in SC group was higher
than that in C group and lower in SH and SL group than
that in SC group (P<0.05). There were no significant
differences between these two groups and C group at wk 12
(P>0.05). Results are shown in Table 2.
Correlation analysis
The following results were found in correlation analysis of
leptin and BW, BL, IW, and IL. Leptin and BW had a
negative correlation at wk 4 (r = -0.556, P = 0.001), while

Table 2 Leptin, BW, BL, IW, IL, and disaccharidase activities in all groups (mean±SD) n = 8/group
Age (yr)

Group

Leptin
(ng/mL)

BW (g)

BL (cm)

IW (g)

IL (cm)

Lactase

0 wk

C

ND

6.01±0.55

6.26±0.44

0.10±0.02

21.8±2.7

315±19

13±6

58±20

4th wk

SC
C

ND
0.26±0.08

4.50±0.41a
60.8±9.5

5.96±0.40a
23.1±1.4

0.05±0.01a
2.2±0.2

15.9±2.8a
74.8±9.1

383±39 a
54±15

15±8
258±27

269±17a
751±102

SC
SH

0.36±0.20
0.21±0.03c

52.0±10.9a
70.0±4.5c

21.0±2.5a
23.6±0.5c

1.4±0.3a
1.9±0.2

70.3±3.4
80.7±9.5

39±14
62±8

254±23
230±21

797±95
368±26a,c

SL
C

0.58±0.12a,c
0.40±0.23

21.4±3.5a,c
235.5±43.4

16.0±1.3a,c
38.5±0.8

0.8±0.4a,c
4.3±0.7

53.9±3.1a,c
122.7±12.6

66±22
48±3

138±32a,c
230±32

344±33a,c
713±158

SC
SH

0.79±0.41a
0.42±0.15c

208.6±21.6
254.8±23.5a,c

36.9±1.7
37.1±0.4

3.9±0.9
4.1±0.4

101.2±5.8a
122.3±13.0

50±21
48±12

262±43
242±27

670±157
682±144

SL

0.38±0.25c

169.3±6.7a,c

33.2±0.8a,c

3.3±0.6a

99.6±6.9a

53±12

239±35

568±52

12th wk

Saccharase

Disaccharidase activity unit: µmol/(min·g) protein. aP<0.05, IUGR group vs C group; cP<0.05, SL, and SH groups vs SC group. ND: not determined.

Maltase

Qiu XS et al. IUGR rats and its correlation to leptin

had no correlation at wk 12; leptin and BL had no
correlation at wk 4 and 12; leptin and IW had a negative
correlation at wk 4 (r = -0.692, P = 0.001), while had no
correlation at wk 12; leptin and IL had a negative correlation
at wk 4 (r = -0.738, P = 0.001), while had no correlation
at wk 12.

DISCUSSION
Multiple lines of evidence show that about 20-50% IUGR
cannot catch up the growth after birth, and remains small
till they become adults. Growth is mainly regulated by
heredity, nutrition, and endocrine system. The early postnatal
growth (the first year after birth) is mainly regulated by
nutrition. Mother malnutrition during pregnancy not only
delays the fetal growth, but also impairs many organ and
tissue structures and functions of the fetus[3]. Zhang et al.[2],
showed that the weight, length and many morphologic
structures of intestine in newborn IUGR rats are significantly
lower than those of normal newborn rats. Only few reports
about the development of stomach and intestine and
disaccharidase activity of IUGR are available at present.
Due to the effect of early nutrition on growth, Lucas[4]
have raised the “nutritional programming” hypothesis:
nutritional conditions during the critical or sensitive stage
of growth have long-term or life-long effects on organic
structure or function. The mechanism is that early nutrition
stimulates clone selection and differentiation of blast
cells and causes irreversible changes in cell number of
organism. Based on the hypothesis, we carried out the
early nutritional intervention during the first 4 wk after
birth -a sensitive and critical stage of growth. We investigated
its effects on the development of intestine and jejunum
mucosa disaccharidase activity and their correlations with
serum leptin.
Our research showed that the impaired development
of intestine recovered quickly in SH group after high protein
diet was given after birth. Ziegler et al.[5], found that the
development of intestine mainly depends on the
proliferation of cells before weaning. Enough nutrition can
not only promote intestinal neuron’s activity and increase
blood supply of viscera but also stimulate the secretion of
growth factor. Intestinal epithelium can absorb more
nutrition for catch up growth. Although SC group was fed
with normal diet after birth, it failed to catch up the normal
control group at wk 4. SL group even failed to catch up
normal growth at wk 12 and remained small till they became
adults, suggesting that early postnatal protein diet has great
effects on the development of intestine. Intestine and body
catch up growth of IUGR rats depends on sufficient nutrition
after birth, especially enough protein.
Intestine is the main organ to absorb sugar and protein.
Disaccharidase, gastrin, and intestinal hormones play an
important role in this process. Lactase and maltase are often
produced at the late stage of gestation, while saccharase
activity increases quickly only after intake of solid food.
Stomach and intestine develops very fast in neonatal stage.
As the stomach and intestine of neonates become mature,
their lactase activity decreases, while maltase and saccharase
activities increase [6]. Therefore, it is beneficial to the
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understanding of the development of stomach and intestine
by detecting disaccharidase activities. Our research
suggested that the premature of lactase and maltase activity
in newborn IUGR rats was an adaptive compensation to
intrauterine malnutrition. Saccharase activity in newborn
IUGR rats was not affected, suggesting that saccharase is
not regulated by intrauterine nutrition. Our research also
demonstrated that maltase and saccharase activities in SL
groups were markedly lower than those in C and SC groups
at wk 4, which is consistent with the study by Nichol et al.[7].
The relatively higher lactase activity in SL group may be an
accommodation response to lack of nutritional supply. The
nutrition of neonatal rats is mainly from milk and lactose is
the main component of carbohydrate in milk. The high
lactase activity is an advantage for neonatal rats to absorb
more lactose to compensate for the shortage of protein.
But the reason why maltase activity in SH group was
markedly lower than that in C and SC groups at wk 4 is still
unknown. Gomez et al.[8], gave high protein diet to the rats
suffering from abdominal wound and found that its lactase
activity is markedly higher than in other rats given normal
level protein diet. Further research is needed to test whether
the decrease of maltase activity in SH group is related to
the increase of lactase activity. There was no significant
difference in disaccharidase activity between groups at
wk 12, suggesting that disaccharidase activity might change
with different kinds of food after birth, such as milk, solid
food, and different protein diet.
It was reported that IUGR rats are insensitive to leptin
during catch up growth[9]. Jaquet et al.[10], found that IUGR
children are relatively resistant to leptin in order to catch
up growth and leptin is closely related to catch up growth
and fat tissue development. We know that blood and
umbilical leptin level of newborn baby is positively related
to birth weight. Leptin reflects not only the body fat level
but also nutritional status. Leptin is a medium between
neuroendocrine system and fat tissue. It builds a negative
loop between fat tissue and neuropeptide Y (NPY). When
weight decreases to some extent, the inhibitory effect of
leptin on the secretion of NPY from hypothalamus is also
weakened[11]. NPY is a strong stimulator of appetite, high
level of NPY is advantageous for IUGR children to take in
more nutrition and energy to accumulate body fat.
Correlation analysis showed that leptin was negatively
related to BW, IW, and length at wk 4. The BW in SL
group was the lowest but leptin level was the highest in all
groups at wk 4. We found that IUGR rats were relatively
resistant to leptin during catch up growth, but this
phenomenon disappeared at wk 12, suggesting that leptin
resistance is only related to catch up growth in IUGR
children.
In conclusion, high protein diet is a reasonable early
nutritional mode for IUGR rats. High leptin level in IUGR
rats is related to catch up growth and nutritional status.
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P<0.01). The expression of TLR2 protein in blockade group
significantly decreased compared to that in non-blockade group
(method of immunohistochemistry, OPDTI: 75.74±17.44
vs 170.58±25.14, P<0.01; method of Western blot, A
value: 125.89±15.49 vs 433.91±35.53, P<0.01). The latter
correlated with the variation of CD68 staining (r = 0.745,
P<0.05). Also the level of portal vein TNF-α decreased in
blockade group compared to that in non-blockade group
(84.45±14.73 ng/L vs 112.32±17.56 ng/L, P<0.05), but
was still higher than that in sham group (84.45±14.73 ng/L
vs 6.07±5.33 ng/L, P<0.01).

Abstract

Zhang JX, Wu HS, Wang H, Zhang JH, Wang Y, Zheng QC.
Protection against hepatic ischemia/reperfusion injury via
downregulation of toll-like receptor 2 expression by inhibition
of Kupffer cell function. World J Gastroenterol 2005; 11
(28): 4423-4426

AIM: To elucidate the mechanism of liver protection by
inhibition of Kupffer cells (KCs) function.
METHODS: All the animals were randomly divided into
three groups. Blockade group (gadolinium chloride solution
(GdCl3) injection plus ischemia/reperfusion (I/R) injury):
GdCl3 solution was injected once every 24 h for 2 d via
the tail vein before I/R injury. Non-blockade group (saline
solution injection plus I/R injury): saline instead of GdCl3
as a control was injected as in the blockade group. Sham
group: saline was injected without I/R injury. Liver samples
were collected 4 h after blood inflow restoration. The
blockade of the function of KCs was verified by
immunostaining with an anti-CD68 mAb. Toll-like receptor
2 (TLR2) was immunostained with a goat antimouse polyclonal
anti-TLR2 antibody. Membrane proteins were extracted
from the liver samples and TLR2 protein was analyzed by
Western blot. Portal vein serum and plasma were taken
respectively at the same time point for further detection
of the levels of tumor necrosis factor-α (TNF-α) and alanine
aminotransferase (ALT), an indicator of liver function.
RESULTS: Compared to non-blockade group, CD68+ cells
significantly reduced in blockade group (OPTDI, optical
density integral): 32.97±10.55 vs 185.65±21.88, P<0.01)
and the liver function impairment was relieved partially
(level of ALT: 435.89±178.37 U/L vs 890.21±272.91 U/L,

CONCLUSION: Inhibition of the function of KCs may
protect liver against I/R injury via downregulation of the
expression of TLR2.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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cell; Liver
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INTRODUCTION
Hepatic ischemia/reperfusion (I/R) injury is one of the major
complications of liver resection surgery, transplantation, and
hypovolemic shock[1,2]. Although the detailed biochemical
mechanisms are unclear, activation of Kupffer cells (KCs)
may play an important role. During the very early phase of
I/R injury, the secretion of proinflammatory cytokines by
activated KCs, such as TNF-α, interleukin-1, participates in
liver I/R injury, which precedes the activation of adhesion
factors, chemotactic agents, and the sequestration of
neutrophils in liver. Neutrophil accumulation in the liver
causes direct hepatocellular damage through exhaustion of
hepatic microcirculation by blocking the capillary perfusion
and releasing proteases. So that we can see that KCs are
among the first and key cells that mediate hepatic I/R injury
[3]
. Inhibition of the function of KCs elicits the protection
against liver I/R injury. The mechanism of KCs in such an
insult remains unclear. Endotoxin or lipopolysaccharide is a
strong stimulator inducing KCs to secret proinflammatory
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mediators and ultimately leading to endotoxin-induced liver
injury[4,5]. In order to clarify the mechanism of I/R injury
without the effect of endotoxin and the corresponding
cytokines evoked by endotoxin[5,6], we reproduced a lobar
rather than total hepatic I/R injury in a mouse model to produce
a severe hepatic ischemic insult without mesenteric venous
congestion. So that the development of intestinal congestion
and leakage of bacteria or bacterial products into the
circulation can be avoided[6,7].
TLR family members, a kind of newly found transmembrane peptides, recognize pathogen-associated molecular
patterns derived from both Gram-negative and Gram-positive
bacteria such as endotoxin and are capable of sensitizing
danger signals in in vivo environment[1,7,8]. TLRs participate
in the initiation of the downstream inflammatory cascades[8,9].
In previous studies, we have proved that TLR2 and TLR4
are involved in the hepatic I/R pathologic process and the
activation of them is not related to endotoxin[10,11]. Whether
TLR2 expression is affected by the function of KCs is still
unknown. GdCl3 is a kind of experimental drug, which is
capable of blocking KC function specifically, while it has
no effect on other macrophages, such as those residing in
lung or intestinal canals[12,13]. CD68 is a pan-macrophage
endosomal glycoprotein, which belongs to a family of acidic,
highly glycosylated lysosomal glycoproteins and is found in
cytoplasmic granules. It is considered as a specific indicator of
KC activation[14]. That is why we used CD68 immunohistological
staining to assess the inhibition of KC function.
This experiment aimed to observe the variation of TLR2
expression after the inhibition of the function of KCs and
to further clarify the protective mechanism against hepatic
I/R injury induced by inhibition of the function of KCs.

MA
TERIALS AND METHODS
MATERIALS
Animal model and grouping
Male BALB/c mice weighing 20-25 g were supplied by
Experimental Animal Center in Tongji Medical College. Their
age ranged 6-8 wk. The animals were fasted for 12 h with
free access to water and randomly divided into GdCl3 injection
plus I/R injury group (blockade group), saline solution
injection plus I/R injury group (non-blockade group), and
sham operation group (sham group). The animals in blockade
group received injections of GdCl3 solution (0.1 mmol/kg
body weight, Sigma, USA) via tail vein once every 24 h for
two times. The operation was performed 24 h after the last
injection. The animals in non-blockade group were injected
saline solution as control. Mice were anesthetized with
pentobarbital (60 mg/kg). Laparotomy was performed
through a midline incision and an atraumatic clip was placed
across the hepatic hilar to interrupt blood supply to the left
and median lobes of the liver. After 60 min of partial hepatic
ischemia, the clip was removed to initiate hepatic reperfusion.
Sham group mice underwent the same protocol as the control
group without vascular occlusion. After the tissue was
removed, animals were euthanized by injection of an overdose
of pentobarbital. All studies were approved by the Institutional
Animal Care and Use Committee of Tongji Medical College.
Detection of KC function variation after injection of GdCl3 by
CD68 stain
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Liver samples from ischemic lobes were taken after 4 h of
blood supply restoration and immediately fixed with 40 g/L
formaldehyde, dehydrated, and embedded in paraffin for
immu-nohistopathologic examination. Four micrometers of
thick sections were stained with anti-CD68 Ab (Boster Bio.
Co., Wuhan, China). The results were analyzed with a HPIAS
pathological image analyzer and expressed as optical density
integral (OPTDI).
Detection of TLR2 protein in ischemic hepatic lobes
Membrane proteins of ischemic liver tissues (100 mg) were
extracted (1× PBS, 10 mL/L NP40, 5 g/L sodium desoxycholate, 1 g/L sodium dodecyl sulfate, 10 g/L phenylmethylsulfonyl
fluoride, 30 mL/L aprotinin, 1 mol/L sodium orthovanadate).
After quantification and aliquot, the samples were degenerated
by boiling, separated on 85 g/L SDS-PAGE and transferred
to nitrocellulose membranes. Filters were blocked 50 g/L nonfat
milk in blocking buffer (TBS-T, 50 mmol/L Tris-Cl, pH 7.5,
150 mmol/L NaCl, 0.2 g/L Tween 20), and incubated with
anti-TLR2 antibody (Santa Cruz, CA, USA) for 2 h and
with peroxidase-conjugated secondary antibody for 1 h at
37 . Specific bands were revealed with DAB solution and
analyzed by Gel-Pro-Analyzer 4 as the value of A.
Other 4-µm-thick sections were stained with a goat
antimouse TLR2 polyclonal antibody (Santa Cruz, CA, USA).
The results were expressed as OPTDI and analyzed with a
HPIAS pathological image analyzer.
The relationship between the expressions of CD68 and
TLR2 was analyzed with Spearman, bivariate assay.
Examination of ALT and TNF-α in portal vein after injection of
GdCl3
Blood samples from portal vein were taken for assay of
plasma alanine aminotransferase (ALT) and TNF-α level.
The ALT activity was determined by an automatic
biochemistry analyzer (HITACHI 2000, Japan) in Laboratory
of Union Hospital. TNF-α level was assayed by an ELISA
kit (JINGMEI Bio. Co., China).
Statistical analysis
All numeric data were expressed as mean±SD. Differences
between blockade and non-blockade groups were analyzed
by t-test with SPSS 10.0 software. The correlation between
CD68 staining and TLR2 expression was analyzed with
Spearman assay. P<0.05 was considered statistically significant.

RESUL
TS
RESULTS
Variation of KC function after injection of GdCl3
When KCs were blocked with GdCl3, the CD68+ reaction
was weaker in blockade group than in non-blockade group
(Figure 1A). CD68 content was shown as absolute value
OPTDI (Area×OPTDM), which was 32.97±10.55 vs 185.65
±21.88. The difference between them was significant
(P<0.01), suggesting that the function of KCs was inhibited
in blockade group.
Detection of TLR2 in ischemic hepatic lobes by immunological
stain
The positive immunoreaction of TLR2 in slices was weaker
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in blockade group than in non-blockade group (Figure 1B),
which was shown as OPDTI (75.74±17.44 vs 170.58±25.14).
The difference between them was significant (P<0.01).
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group decreased to 435.89±178.37 U/L. The difference
between blockade and non-blockade groups was significant
(P<0.01, Figure 3A).
The serum TNF-α level in portal vein was higher in
non-blockade group than in sham group (112.32±17.56 ng/L
vs 6.07±5.33 ng/L, P<0.01) after 4 h blood supply restoration.
When the function of KCs was blocked by injection of GdCl3,
the level of portal vein TNF-α was decreased remarkably
(84.45±14.73 ng/L vs 112.32±17.56 ng/L, P<0.01), which
might be an indirect indicator of KC inhibition (Figure 3B).
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Figure 1 Effect of GdCl3 injection on CD68 (A) and TLR2 (B) expression in
blockade and non-blockade groups. bP<0.01 vs non-blockade group.
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Variation of TLR2 protein expression in ischemic hepatic lobes
After 4 h restoration of blood supply, the expression of
TLR2 protein, which was detected by Western blot increased
in the non-blockade group compared to sham group (A:
433.91±35.53 vs 52.86±13.58, P<0.01). The injection of
GdCl3 significantly down regulated the expression of TLR2
in ischemic lobes compared to the non-blockade group
(125.89±15.49 vs 433.91±35.53, P<0.01, Figure 2). Correlation
analysis indicated that the downregulation of TLR2 expression
between blockade and non-blockade groups was correlated
with that of CD68 (r = 0.745, P<0.05).
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Figure 2 Detection of TLR2 expression by Western blot. b P<0.01 vs nonblockade group, dP<0.01 vs sham group.

Effect of GdCl3 injection on portal vein plasma ALT and serum
TNF- α
After 4 h restoration of blood supply, the level of ALT in
portal vein, an indicator of liver function, was higher in
non-blockade group than in sham group (890.21±272.91
U/L vs 40.66±15.42 U/L, P<0.01).The value in blockade

d
b

80
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40
20
0
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Sham

Figure 3 Portal vein ALT (A) and TNF-α (B) levels. bP<0.01 vs non-blockade
group, dP<0.01 vs sham group.

DISCUSSION
KCs play an important part in mediating ischemia and
reperfusion injury[15]. When activated during ischemia and
subsequent reperfusion, they generate excessive inflammatory
cytokines and oxygen-derived free radicals, which play a
particularly important role in the pathogenesis of hepatic
ischemia and reperfusion injury with an increased release
of TNF-α and histological impairment. GdCl3, a specific
inhibitor of KCs, is often used as a tool for studying the role
of KCs[16]. GdCl3 is capable of protecting liver from injury
mediated by the activation of KCs through depletion of
lipid peroxidation. In the present study, injection of GdCl3
selectively inhibited the activation of KCs, but did not induce
hepatotoxicity. On the contrary, the impairment of liver
function was relieved.
TLR2 can be activated during the process of hepatic I/R
injury[10]. When TLR2 is activated, its cytoplasmic portion
would conduct signals to two distinct signaling pathways,
JNK and NF-κB, resulting in the proinflammatory cascade
and excessive production of TNF-α [17]. TLRs recognize
two kinds of signals. One is related to pathogen-associated
molecular pattern molecules, which claims the existence of
pathogens[9]; the other is linked with some danger signals
inside or outside the body, which does not need the existence
of pathogens[18]. Hypothesis infers that TLRs may be the
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candidate of a key “gate” through which the down stream
inflammatory cascade is initiated[17]. TLR2 and TLR4 are
activated in liver I/R injury[10,11], but the factors regulating
the expression of TLRs have not been revealed.
Previous study has proved that NF-κB activation may
be important in “switching off” the cytokine cascade during
I/R injury. TNF-α plays a central role in mediating such an
insult[7]. Nevertheless, what happens preceding the NF-κB
activation and TNF-α release? Where is the switch point
that starts a crucial inflammatory cascade involving the
activation of NF-κB during the I/R pathological process?
Activation of TLR2 results in the activation of NF-κB[17],
and NF-κB activation in the liver could be downregulated
by KC blockade. In this paper, we confirmed that blocking
the function of KCs downregulated the expression of TLR2
in ischemic lobes in mice partial hepatic I/R model, and the
levels of TNF-α and ALT in portal vein decreased at the
same time, suggesting that inhibition of KC function may
protect liver from I/R injury by suppressing the release of
TNF-α through downregulation of TLR2 expression. On
the other hand, KCs might play an important role in mediating
liver injuries and inflammatory disorders in the liver by
changing the TLR2 signal transduction pathway. But
compared to the sham group, the levels of portal vein TNFα and ALT were still higher in blockade group, indicating
that besides activation of KCs there are other factors
regulating the expression of TLR2. Whether KCs themselves
or cytokines secreted by KCs regulate the expression of
TLR2 in ischemic lobes remains unclear.
KCs are major contributors to cytokine production in
hepatic I/R injury[15]. Although many factors, including
reactive oxygen species, Ca++ overload, adhesive molecules,
nitrogen monoxide, etc, contribute to the pathogenesis of
hepatic I/R injury, all these factors exert their role after the
activation of KCs and the resulting inflammatory cascade[3].
Further study on inflammatory reaction controlled by TLRs
and KCs may resolve the enigma of hepatic I/R injury.
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Abstract
AIM: To examine the effect of prostaglandin E2 (PGE2) on
the expression of vascular endothelial growth factor
(VEGF) mRNA in the human hepatocellular carcinoma
(HCC) HepG2 cells and the possible involvement of c-fos
protein in this process.
METHODS: Human HCC HepG2 cells were divided into
three groups treated respectively with PGE2, a combination
of PGE2 and c-fos antisense oligodeoxynucleotide (ASO),
and PGE2 plus c-fos sense oligodeoxynucleotide (SO). The
expression of VEGF mRNA in HepG2 cells after different
treatments was detected by reverse transcriptase-polymerase
chain reaction (RT-PCR). The relative expression level of
VEGF mRNA in HepG2 cells in each group was measured.
RESULTS: Administration of PGE2 resulted in an increased
expression of c-fos and VEGF mRNA in HepG2 cells. The
relative expression level of c-fos mRNA reached the peak
at 3 h (68.4±4.7%) after PGE 2 treatment, which was
significantly higher than that at 0 h (20.6±1.7%, P<0.01).
Whereas, the highest expression level of VEGF mRNA was
observed at 6 h (100.5±6.1%) after PGE2 treatment, which
was significantly higher than that at 0 h (33.2±2.4%,
P<0.01). C-fos ASO significantly reduced PGE2-induced
VEGF mRNA expression in HepG2 cells.
CONCLUSION: PGE 2 increases the expression and
secretion of VEGF in HCC cells by activating the transcription
factor c-fos, promotes the angiogenesis of HCC and plays
an important role in the pathogenesis of liver cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
PGE2 is produced in various kinds of cancer cells and seems
to be particularly important for carcinogenesis[1-3]. PGE2
activates multiple G-protein-linked receptor subtypes
(EP1-EP4) in an autocrine or paracrine fashion, which may
lead to tumor growth promotion via growth factors and
oncogenes [4-6]. However, the mechanism of PGE 2 in
promoting tumor growth still remains unclear. VEGF is a
regulator of pathological angiogenesis and plays an important
role in tumor growth. Studies have revealed that VEGF
can be produced by liver cancer cells in a paracrine manner,
thus promoting the angiogenesis of liver cancer[7,8]. Studies
also indicate that many tumor growth factors stimulate
the production of VEGF in tumor cells[3,9]. This study was
undertaken to estimate if PGE2 could affect the expression
of VEGF in HCC HepG2 cells and the possible involvement
of the oncogene c-fos in this process.
MA
TERIALS AND METHODS
MATERIALS
Cell culture and PGE2 administration
HepG2 cells were cultured in RPMI-1640 medium (Gibco)
containing 10 mL/L fetal bovine serum, 100 kU/L penicillin
and 0.1 g/L streptomycin at 37
in 50 mL/L CO2/950
mL/L air for 4-6 d and then put into fresh 35 mm dishes.
Twenty-four hours later, PGE2 (Sigma) was added into each
dish in a final concentration of 1 µmol/L. The dose of PGE2
in the present study was chosen based on the previous reports
and our preliminary experiments. The cells were then cultured
for 0, 1, 3, 6, 12, and 24 h, respectively (n = 4/each time
point) and collected for RNA extraction.
C-fos ASO administration
C-fos ASO (5’-GAACATCATCGTGGC-3’) was synthesized
according to reported human c-fos mRNA sequence
(GenBank Accession No. M16287). C-fos SO (5’-GCCACGATGATGTTC-3’) was also synthesized as a control.
Both ASO and SO were modified phosphorothioate
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oligodeoxynucleotide.
HepG2 cells were cultured as mentioned above and
divided into: (1) control group in which 10 µL physical saline
was added, (2) PGE2-treated groups in which 1 µmol/L of
PGE 2 was added, (3) SO-treated group in which 10 µL
(50 µg) c-fos SO was added followed by addition of 1 µmol/L
of PGE 2 after 30 min, (4) ASO-treated group in which
10 µL (50 mg) c-fos ASO was added followed by addition
of 1 µmol/L of PGE2 after 30 min. The cells were cultured
for 6 h and then collected for RNA extraction.
Primer design and synthesis
Specific primers for human c-fos and VEGF were synthesized
according to their reported mRNA sequences. The primer
pair of c-fos were: sense: 5’- TGC TGA AGG AGA AGG
AAA AA -3’; antisense: 5’- TGC ATA GAA GGA CCC
AGA TA -3’ (GenBank Accession No. M16287). The primer
pair of VEGF were: sense: 5’-ACC CAT GGC AGA AGG
AGG AG -3’ antisense 5’-ACG CGA GTC TGT GTT TTT
GC-3’ (GenBank Accession No. M32977). The primers
(sense: 5’- GGC ATC CAC GAA ACT ACC TT-3’ antisense
5’-CGT CAT ACT CCT GCT TGC TG -3’) for human
β-actin (GenBank Accession No. M10277) were also
synthesized as internal control in the PCR reaction. The
length of PCR product for c-fos, VEGF and β-action was
344 bp, 433 bp and 274 bp, respectively.
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VEGF/β-actin). The data were expressed as mean±SE, and
analyzed by analysis of variance and Dunnets test using
SPSS10.1 software.

RESUL
TS
RESULTS
Effect of PGE2 on expression of c-fos and VEGF mRNA in
HepG2 cells
Addition of PGE2 to the HepG2 cells resulted in a timedependent increase in the expression of c-fos and VEGF
mRNA (Figure 1A). Compared to the expression level at
0 h (20.6±1.7%), the expression of c-fos mRNA induced by
PGE2 treatment reached the highest level at 1 h (62.3±4.3%,
P<0.01) and 3 h (68.4±4.7%, P<0.01), and slightly higher
level at 6 h (55.3±3.8%, P<0.05; Figure 1B). The expression
level of VEGF mRNA significantly increased at 3 h after
PGE2 administration (87.6±6.4%, P<0.01) when compared
to the expression level at 0 h (33.2±2.4%). Its expression
level reached a maximum at 6 h (100.5±6.1%, P<0.01).
At 24 h, the expression level returned to its level at 0 h
(35.2±2.8%, P>0.05; Figure 1B). The expression level of
β-actin mRNA remained unchanged at each time-point,
indicating the equal amount of the template used in PCR.
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RNA extraction
Total cellular RNA was extracted from HepG2 cells using
TRIzol reagent (Invitrogen) according to the manufacturer’s
instructions. The purity and integrity of the RNA samples
were assessed by A260/280 spectrophotometric measurement.
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Statistical analysis
For each template, PCR amplification was performed 2-3
times. The electrophoresis results were observed through a
gel imaging system (UVP) and the density of each positive
band was analyzed by Labworks software. The relative
expression level of c-fos and VEGF mRNA was expressed
as a ratio of densitometric measurements (c-fos/β-actin or
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RT-PCR
After measurement of the concentration, cDNA was
reversely transcribed in a 50 µL mixture containing 2 µg
total RNA, 10 µL 5× RT buffer, 5 µL 10 mmol/L dNTPs,
0.5 µL RNase inhibitor (4×105 U/L, Invitrogen) 0.5 µL
oligo (dT) 12-18 (500 g/L, Invitrogen) 1 µL SuperScript
II reverse transcriptase (2×104 U/L, Invitrogen), 0.5 µL
for 60 min followed by enzyme
0.1 mol/L DTT at 42
for 10 min. Thirty cycles of PCR
denaturation at 70
were carried out in 25 µL reaction mixture containing
0.1 µg synthesized cDNA, 2.5 µL 10× PCR buffer, 2.5 µL
dNTPs (2 mmol/L), 2.5 µL MgCl 2 (2.5 mmol/L), 1 µL
of each primer (20 µmol/L), 2.5 u of Taq DNA polymerase
(Takara) using a PTC-100 programmed thermal controller
(MJ Research), each consisting of denaturation at 94
for 1 min, annealing at 56
for 30 s, extension at 72
for 1 min. Then, 10 µL of each PCR product was separated
by electrophoresis on a 30 g/L agarose gel and visualized
by ethidium bromide staining.
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Figure 1 RT-PCR results (A) and histographs (B) showing effect of PGE2 on
expression of c-fos and VEGF mRNA in HepG2 cells. aP<0.05, cP<0.05 vs 0 h.

Effect of c-fos ASO on PGE2-induced upregulation of VEGF
mRNA in HepG2 cells
Since the maximal expression level of VEGF mRNA was
at 6 h after PGE2 treatment, this time-point was selected to
observe the effect of c-fos ASO. The results showed that
the expression level of VEGF mRNA significantly decreased
in c-fos ASO-treated group (39.6±3.2%) when compared to
that in PGE2-treated group (98.6±6.4%, P<0.01, Figure 2A

Li YQ et al. c-fos anstisense probe on PGE2-induced VEGF expression in HepG2 cells

and B). In contrast, no such change in c-fos SO-treated group
was observed (95.2±6.3%, P>0.05).
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PGE 2-induced highest expression of VEGF mRNA.
Furthermore, c-fos ASO significantly reversed PGE2-induced
VEGF mRNA expression. These results indicate that Fos
protein is involved in the PGE2-induced VEGF expression
in HepG2 cells.
The intracellular signaling pathway coupled to PGE2 is
complicated. As a third intracellular messenger, c-fos is just
located in the downstream of the signaling pathway. Many
other molecules should also be involved in the modulation
of VEGF expression by PGE2. In addition, several PGE2
receptors are present in HCC[6,19]. Which receptors mediate
the role of PGE2 in tumor growth needs to be investigated.
In conclusion, PGE2 stimulates VEGF induction in HepG2
cells by activating the transcription factor Fos protein.
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Figure 2 RT-PCR results (A) and histographs (B) showing effect of c-fos ASO on
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DISCUSSION
At present, the exact pathological function and mechanism
of PGE2 in tumors are not fully known. Previous studies
indicate that PGE2 can be produced by tumor cells and
plays an important role in tumor immune inhibition[10-12].
Some studies revealed that the PGE2 level in patients with
cancer is higher than that in normal people, and that tumor
tissues also contain higher concentration of PGE 2 than
normal tissues[13]. Animal experiments indicate that PGE2
produced by tumor cells, can promote the growth and
development of tumors through its immune inhibitory
function [10] . Further studies have proved that PGE 2
promotes the growth of liver cancer through its receptor
EP3[14]. In the present study, we observed that PGE2 could
stimulate the expression of VEGF mRNA in HepG2 cells
in a time-dependent manner, suggesting that PGE2 may
promote the angiogenesis of HCC by increasing the
secretion of VEGF from liver cancer cells. This might be
one of the mechanisms of PGE2 in facilitating the growth
of liver cancer.
It is well known that the oncogene c-fos can function as
a third intracellular messenger. Its product Fos protein can
form a homo-dimer itself or hetero-dimer with c-Jun protein
and then binds to the AP-1 site in the target gene, thus
promoting the transcription of target gene. It has been
reported that the promoter region for the VEGF gene
contains several AP-1 binding motifs[15] and the expression
of VEGF gene is controlled by transcription factors AP-1
and AP-2[16-18]. In the present study, we observed that PGE2
increased the expression of c-fos mRNA, the maximal level
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Abstract
AIM: To evaluate the risk factors for primary liver carcinoma
(PLC) in Chinese population.
METHODS: Chinese Biomedical Literature Database,
China Hospital Knowledge Database and MEDLINE were
searched. All the related literatures were screened, and
the risk factors for PLC in Chinese population were studied.
Heterogeneity was evaluated by odds ratio (OR) q test.
Combined OR and its 95% confidence interval (95%CI)
were calculated, the association between the investigated
risk factors and PLC was determined. Validity and bias of
the findings were evaluated by sensitivity analysis and
funnel plot analysis respectively.
RESULTS: Fifty-five of one hundred and ninety identified
studies were accepted according to the inclusive criteria.
Ten factors related to PLC were demonstrated by sensitive
analysis and funnel plot analysis. They were cirrhosis (OR
= 11.97, P = 0.000), HBV infection (OR = 11.34, P = 0.000),
HCV infection (OR = 4.28, P = 0.000), family history of
liver cancer (OR = 3.49, P = 0.000), unstable emotion
(OR = 2.20, P = 0.000), depressed characters (OR = 3.07,
P = 0.000), aflatoxin (OR = 1.80, P = 0.000), alcoholic
(OR = 1.88, P = 0.000), intake of musty food (OR = 1.87,
P = 0.000) and drinking contaminated water from pond
(OR = 1.77, P = 0.003).
CONCLUSION: The main risk factors for PLC in China
are liver diseases, family history of liver carcinoma, poor
psychic status, aflatoxin, and some unhealthy behaviors.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Primary liver carcinoma (PLC) affects more than 500 000
people globally with 110 000 deaths annually. More than
one-half of them were Chinese[1]. The incidence rate is
14.58-46 per 100 000 people. In Qidong, Jiangsu Province
and Fusui, Guangxi Zhuang Autonomous Region, the
morbidity is higher than that in any other areas of China.
It is known that persistent hepatitis B virus (HBV) and
HCV infection and aflatoxins are the main causes of PLC[1].
However, most of the investigations were case-control studies.
The real risk factors for PLC may be far more than the
known causes. The results from different investigated areas
are variable. Cohort study on risk factors for PLC in Chinese
people is still not available. A meta-analysis confined to casecontrol studies published from January 1966 to December
2003 was carried out.
MA
TERIALS AND METHODS
MATERIALS
Search strategy
The databases including Chinese Biomedical Literature
Database (1979-December 2003), China Hospital Knowledge
Database (1994-December 2003) and MEDLINE (1966December 2003) were searched. The following keywords
were used: liver cancer, liver carcinoma, primary liver cancer,
primary liver carcinoma, malignant liver tumors, primary
liver tumors, hepatocellular carcinoma, hepatocellular cancer,
risk factor, cause, etiology, case-control study. In the search
of MEDLINE, the keywords of Chinese population,
Chinese and China were added. Further studies were
identified through scanning reference lists of relevant
articles, reviews, and textbooks. Articles published in both
English and Chinese were accepted. To eliminate irrelevant
studies, the title and abstract of the articles were screened
at first, and then the whole texts of selected paper were
examined for further screening based the inclusive criteria.
Inclusion and exclusion criteria
Inclusion criteria in the meta-analysis included case-control
studies investigating the risk factors for PLC in Chinese
population, the data from the articles including the
background of population and time investigated, the articles
that reported original data or statistical results of odd ratio
(OR) and its 95% confidence interval (95%CI), the studies
based on similar diagnostic criteria of PLC.
Exclusion criteria in the meta-analysis were poor
methodological quality[2], the republished studies, and no
sufficient data and/or results in the article.
Data selection and study appraisal
Data used in this study included year of publication, number
of case and control, characteristics of patients and control

4432

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

(gender, age, native place, and living place), suspected risk
factor and its definition of exposure, diagnostic criterion
of PLC, and outcomes (OR value and its 95%CI of each
factor should be provided, if the article did not report the
results in the form of OR, we calculated OR and its 95%CI
based on the given data).
Two researchers extracted the data from each study
independently and any disagreements were discussed for
consensus. Quality of the study was assessed by the guideline
of Lichtenstein[2].
Statistical analysis
OR q test for heterogeneity was used to examine gross
statistical heterogeneity among included studies. If K studies
were included, ORi (i = 1, 2,…, K) was OR of the investigated
factors in each study, ORui and ORli were the upper and
lower limit of its 95%CI respectively. V i was variance
calculated by the formula of Vi = [ln(ORi/ORli)/1.96]2 or
Vi = [ln(ORui/ORi)/1.96]2. Weight (Wi) was calculated by
Wi = 1/Vi. Supposed yi=ln(ORi) and yw = ( Wiyi)/( Wi).
The heterogeneity among included studies was tested by q
= [Wi(yi-yw)2]. If the q value was low (P>0.05), the results
of the included studies were considered as significant
homogeneity, otherwise significant heterogeneity existed
among studies[3,4].
The association between investigated factors and PLC
was presented as OR and its 95%CI. If the studies had no
significant heterogeneity demonstrated by OR q test, fixedeffect model was used to calculate the combined OR and
its 95%CI. Otherwise, random-effect model was used.
Combined OR value greater than one indicated a risk factor
for PLC. The significance of the combined OR was tested
by χ2 = ( Wiyi)2/( Wi) with g = 1[3,4], and the significant
level was P = 0.05.
Sensitivity analysis was performed through fixed-effect
model and random-effect model. Coherence of the results
from two models indicated a valid outcome[4].
Funnel plot analysis was used to assess the potential bias,
and its symmetry was tested through linear regression model.
Intercept 95%CI of linear regression function spanning 0
and its significant level greater than 0.1 indicated symmetric
funnel plot[4].

RESUL
TS
RESULTS
Description of studies
Fifty-five of 190 identified studies were included in metaanalysis after the quality assessment of each study. They
were published in Chinese in 1984-2002. The investigated
people were from 24 cities located in 13 different provinces
of China.
The investigated factors included liver diseases, family
history, psychic status, past history of exposure to poison
and style of living. The factors for liver diseases were from
26 studies of HBV infection, 15 of HCV infection, 9 of
liver cirrhosis, and 20 of hepatitis history. There were 25
studies on family history of liver carcinoma. Psychological
factors for PLC included 10 for negative living events, 6 for
unstable emotions, and 6 for depressed characters. The past
history of exposure to poison was from five studies of
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pesticide and four of aflatoxin. The living style included
nine factors: drinking (22 studies), smoking (15 studies),
intake of musty food (3 studies), intake of pickle (5 studies),
intake of bean product (4 studies), tea (4 studies), drinking
water from pond (8 studies), drinking water from river (2
studies), and drinking water from well (5 studies).
Heterogeneity of studies
OR q test was carried out in included studies (Table 1). No
significant heterogeneity existed among the studies on HCV
infection, unstable emotion, past history of exposure to
aflatoxin, and intake of musty food (P>0.05). The remaining
factors in the studies all had significant heterogeneity
(P<0.05).
Association of outcomes
Association between the factors and PLC was shown by
combined OR and its 95%CI. If heterogeneity was
significant, OR was combined with random-effect model,
otherwise, fixed-effect model was used (Table 2). The OR
and its 95%CI of five factors including past history of
exposure to pesticide, intake of bean products, tea, drinking
water from river and well had no statistical significance
(P>0.05). According to the value of OR, the strength of
association in descending turn was liver cirrhosis, HBV
infection, history of hepatitis, HCV infection, family history
of liver carcinoma, depressed character, negative living
events, unstable emotion, alcoholic, intake of musty food,
aflatoxin, drinking water from pond, intake of pickle, and
smoking, with their OR value greater than one, 95%CI
beyond one. There was a statistical significance (P<0.05).
Sensitive analysis
The combined OR and its 95%CI of each factor were
calculated by both fixed-effect model and random-effect
model, and coherence of the results was assessed. The
factors of exposure to pesticide and drinking water from
well showed conflicting results from two models (combined
OR and its 95%CI of fixed-effect model were 1.69 (1.24
and 2.29) and 0.74 (0.58 and 0.96) respectively). Other
factors showed similar results from two models.
Funnel plot
Since only two studies were involved in the factor of drinking
water from river, funnel plot analysis was insignificant.
According to the linear regression models of funnel plots,
four factors including history of hepatitis, negative living
events, smoking, and intake of pickle existed as asymmetric
funnel plots with their intercept 95%CI beyond 0 and P<0.1.
Other factors showed symmetry funnel plots with their
intercept 95%CI spanning 0 and P>0.1 in their linear
regression models.

DISCUSSION
A considerable number of chemical agents have been proved
to be directly carcinogenic for liver malignant tumor in
animal experiments, and also most likely in human beings[5].
But still no evidence is presented as yet. It was reported
that the risk factors for PLC include hepatitis viruses, liver
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Table 1 Heterogeneity of investigated factors
Factors
Liver diseases
HBV infection
HCV infection
Liver cirrhosis
History of hepatitis
Family history
Family history of PLC
Psychological factors
Negative living events
Unstable emotion
Depressed character
Past history of exposure to poison
Pesticide
Aflatoxin
Living style
Alcoholic
Smoking
Intake of musty food
Intake of pickle
Intake of bean products
Tea
Drinking water from pond
Drinking water from river
Drinking water from well

Included studies

q

P

26
15
9
20

74.72
10.68
23.61
104.13

0.000b
0.711
0.003b
0.000b

25

96.95

0.000b

10
6
6

25.54
3.46
12.69

0.002b
0.630
0.027a

5
4

16.99
3.47

0.002b
0.325

22
15
3
5
4
4
8
2
5

82.13
24.58
3.72
23.73
18.56
16.03
649.10
9.05
10.44

0.000b
0.039a
0.156
0.000b
0.000b
0.001b
0.000b
0.003b
0.034a

The values of q shown are statistical values of OR q test. aP<0.05 vs significant difference. bP<0.01 vs very significant difference.

Table 2 Summary of the association between factors and PLC
Factors
Liver diseases
HBV infection
HCV infection
Liver cirrhosis
History of hepatitis
Family history
Family history of PLC
Psychological factors
Negative living events
Unstable emotion
Depressed character
Past history of exposure to poison
Pesticide
Aflatoxin
Living style
Alcoholic
Smoking
Intake of musty food
Intake of pickle
Intake of bean products
Tea
Drinking water from pond
Drinking water from river
Drinking water from well

Total case/control

Combined OR

95%CI

χ2 (g = 1)

P

3 390/4 604
1 737/2 534
1 689/2 609
3 625/4 903

11.34
4.28
11.97
5.71

8.72-14.75
3.30-5.56
6.19-23.19
4.11-7.92

327.60
119.93
54.46
108.12

0.000b
0.000b
0.000b
0.000b

3 681/4 932

3.49

2.68-4.53

87.24

0.000b

1 688/2 096
1 502/2 086
1 355/1 777

2.65
2.20
3.07

1.69-4.15
1.74-2.77
2.10-4.47

17.90
44.48
33.99

0.000b
0.000b
0.000b

755/969
327/327

1.55
1.80

0.82-2.93
1.44-2.25

1.84
26.90

0.175
0.000b

3 207/3 983
2 408/3 347
623/723
1 233/1 602
814/1 158
656/870
1 561/1 614
379/437
636/856

1.88
1.24
1.87
1.69
0.74
0.69
1.77
1.41
0.79

1.53-2.32
1.09-1.41
1.42-2.47
1.34-2.13
0.29-1.90
0.31-1.51
1.09-2.87
0.38-5.19
0.45-1.36

35.60
10.90
19.74
47.56
0.13
0.88
8.65
0.27
7.99

0.000b
0.001b
0.000b
0.000b
0.718
0.348
0.003b
0.603
0.392

The values of χ2 shown are statistical values of significant test of combined OR. bP<0.01 vs significant difference.

diseases, mycotoxins or phytotoxins, nutrition, social drugs,
metabolic diseases, chemical agents, inorganic substances,
medication, and ionizing radiation. However, in 10–15%
of patients, there is no risk factor for the development of
PLC [5]. This study investigated the association between
possible risk factors and PLC in Chinese population by metaanalysis of case-control studies published in the past 37
years, and demonstrated the risk factors for PLC in Chinese
population.
This study analyzed 19 suspected risk factors for PLC.

The combined outcomes showed that liver diseases were
the most important factors for PLC with much a greater
OR value than any other factor. Both liver cirrhosis and
HBV infection were strongly associated with PLC, with their
OR being 11.97 and 11.34 respectively (P<0.05). The
association between HCV infection and PLC was moderate,
with its OR being 4.28 (P<0.05). Though history of hepatitis
was significantly associated with PLC, its funnel plot was
asymmetric. Therefore this outcome might have bias,
possibly due to the published bias, and heterogeneity from
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the different definitions of history of liver diseases in the
included studies. Family history of PLC was another risk
factor for PLC, with its OR being 3.61 (P<0.05), suggesting
that people with family history of PLC have a higher risk.
Poor psychological status can strengthen the risk for PLC.
In this meta-analysis, the factors for unstable emotion and
depressed character were significantly associated with PLC,
with their OR being 2.20 and 3.07, respectively (P<0.05).
The funnel plot of negative living events was asymmetric
though its combined OR was significant. The reason may
be the published bias, and the conclusion on negative living
events could not be made. In regard to exposure to poison,
two factors including exposure to aflatoxin or pesticide were
investigated. It was demonstrated that aflatoxin played an
important role in PLC[5]. In this meta-analysis, the outcome
showed that aflatoxin was also a risk factor for PLC in
Chinese population, with its OR being 1.80 (P<0.005), but
it seems to be trivial when compared to the factors for liver
diseases, family history of PLC and poor psychological
status. The results indicated that there was no significant
association between exposure to pesticide and PLC, with its
OR being 1.55 (P>0.05). Furthermore, this result was
unreliable because it was conflicting in sensitivity analysis.
Hence, it is not clear whether exposure to pesticide is a risk
factor for PLC. The living habits of drinking, intake of
musty food and drinking water from pond were all
significantly associated with PLC (OR was 1.88, 1.87, and
1.77 respectively, P<0.05), suggesting that they may enhance
the risk for PLC. Though the factors of both smoking and
intake of pickle had a significant combined OR (1.24 and
1.69 respectively, P<0.05), it was unable to draw conclusions
because of the bias demonstrated by their asymmetric
funnel plots (P<0.1). Drinking water from river was not
significantly associated with PLC (OR = 1.41, P>0.05) and
its bias was difficult to analyze by funnel plot due to its
limited number of the included studies. Thus it is unknown
whether it is a risk factor. The ORs of intake of bean products,
tea and drinking water from well were all less than 1 (OR
being 0.74, 0.69, and 0.79 respectively, P>0.05). These, results
could not demonstrate that they are protective factors for
PLC. Furthermore, the result of drinking water from well
was unreliable because the results were conflicting in sensitivity
analysis.
Meta-analysis is a tool, but bias in meta-analysis can cause
invalid results. In this study, case-control studies were
included in meta-analysis. Considering the design of the
included studies, validity of their results was inferior to that
of prospective studies. Thus, the significance of conclusion
from this meta-analysis is limited due to the design of the
included studies. Since lack of qualified cohort studies on
the risk factor for PLC in Chinese population, the result of
this meta-analysis is valuable for further research. Test of
heterogeneity is a formal statistical analysis for examining
if the observed variation in study results is compatible with
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the variation expected by chance[4]. When heterogeneity is
statistically significant (P<0.05), the observed different
results should be explained individually. Nineteen factors in
the included studies were involved in this investigation,
fifteen of which had significant heterogeneity. The various
risk factors for PLC were possibly interactive. When an
investigated factor is involved in the included studies, the
difference between other risk factors and their interaction is
not easy to control among studies, thus leading to the heterogeneity.
Furthermore, different studies are usually undertaken in
different ways, but it is hard to attribute heterogeneity to any
single factor[4]. Since the differences in the included studies
are of practical significance, random-effect model is used
for the factor with significant heterogeneity to make a more
conservative estimation of the combined result. In the
current study, some original articles were unable to be used
because of their deficient data. It is difficult to estimate the
effect of these missing data on the combined results.
Sensitivity analysis can test the reliability of the outcomes
by assessing coherence of the combined results from fixedeffect model and random-effect model. In this study, most
factors passed sensitivity analysis successfully (17/19), thus
proving the reliability of the results in this meta-analysis.
Publication bias is associated with funnel plot asymmetry.
However, the reasons for asymmetric funnel plot may
include publication bias and others such as selection biases,
poor methodology of smaller studies, true heterogeneity
and chance[4]. Since the funnel plots of history of hepatitis,
negative living events, smoking, and intake of pickle were
found asymmetric, conclusions about these factors should
not be drawn due to the bias.
In conclusion, the main risk factors for PLC in Chinese
population are related to liver diseases, family history of
liver carcinoma, poor psychological status, aflatoxin, and
bad living style. Liver diseases are most important in all
these factors. Control of HBV infection, HCV infection,
and liver cirrhosis is the essential measure for the prevention
of PLC. In addition, balanced psychological status,
avoidance of musty food or food polluted by aflatoxincontaminated food, and no alcoholic can reduce the risk
for PLC.
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Abstract
AIM: To investigate the mechanisms of sulfasalazine
(SASP) in the treatment of ulcerative colitis (UC).
METHODS: Changes of pathological signs and histological
grading of 106 patients with active UC were observed
before and after the treatment with SASP, 1 g, thrice
daily for 6 wk.
RESULTS: The effect of SASP on the vasculitis in lamina
propria was 48.2% and 17.4% in the mild active UC
(P<0.001) and 68% and 26.7% in the moderate active
UC (P<0.001) before and after treatment. Fibroid necrosis
of vessel wall was found in one case of mild UC and two
cases of moderate UC before treatment and was not found
after treatment. No thrombosis was found in mild UC
before and after treatment, while thrombosis was found
in one case of moderate UC before treatment. The effect on
mucosal glandular abnormality was 30.4% and 13.0% in
mild UC (P<0.05), and 42% and 40% in moderate UC
(P>0.05) before and after treatment. The rate of eosinophil
infiltration was 98.2% and 80.4% in mild UC (P<0.01),
and 100% and 91.1% in moderate UC (P<0.05) before
and after treatment. The effect on crypt abscess was
21.4% and 4.4% in mild UC (P<0.05), and 48% and 13.3%
in moderate UC (P<0.001) before and after treatment.
The effect on mucosal pathohistological grading was
2.00±0.84 and 0.91±0.46 in mild UC (P<0.001), and
2.49±0.84 and 1.31±0.75 in moderate UC (P<0.001)
before and after treatment.
CONCLUSION: SASP can improve small vessel lesions
and crypt abscesses and reduce neutrophilic and eosinophilic
leukocyte infiltration in inflammatory mucosa of UC.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ulcerative colitis (UC) is an inflammatory bowel disease
mainly characterized by inflammatory changes in mucosa
and submucosa of the rectum and colon. The continuous
inflammatory lesions commonly involve rectum and extend
to the proximal colon and even to pancolitis. The main
clinical manifestations are chronic relapsing diarrhea,
mucopurulent hematochezia and abdominal pain.
Though sulfasalazine (SASP) has been used to treat
active UC for more than 60 years, its mechanisms have not
been completely clarified[1]. The purpose of the present study
was to investigate the mechanisms of SASP in treatment
of active UC.
MA
TERIALS AND METHODS
MATERIALS
Patients[2]
Following patients were enrolled in the study: patients
aged 14-69 years with chronic or relapsing diarrhea,
mucopurulent hematochezia, abdominal pain and systemic
symptoms, and extraintestinal presentations of their joints,
skin, eyes, mouth, liver, and gall bladder, as well as those
with inflammatory lesions of rectum and colon. Patients
with bacillary or amoebic dysentery, fungous or tuberculous
colitis, ischemic bowel disease, radiation colitis, Crohn’s
disease and large bowel cancer and those who did not
complete the course of treatment due to drug allergy or
quitted the study were excluded.
Objects of study
A total of 106 patients (50 males and 56 females) with
active UC were enrolled in the study[2]. The ratio of male to
female was 0.98:1. Their age was 20-66 years (41.6±11.4 years).
Fifty-six cases (22 males and 34 females) had mild UC, and
their age was 22-66 years (41.5±10.6 years). Fifty cases
(28 males and 22 females) had moderate UC, and their age
was 20-65 years (42.8±12.1 years). There were no significant
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differences in their age, ratio of male to female and clinical
types between the two groups (P>0.05). Forty-six of fifty-six
cases of mild UC and 45 of 50 cases of moderate UC were
followed up.
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propria; grade I: a small number of neutrophilic leukocytes
(<10/HPF) in lamina propria with minimal infiltration
of crypts; grade II: prominent neutrophilic leukocytes
(10-50/HPF) in lamina propria with infiltration of more
than 50% of crypts; grade III: a large number of neutrophilic
leukocytes (>50/HPF) in lamina propria with crypt abscesses;
grade IV: significant acute inflammation with ulcerations in
lamina propria.

Treatment
The patients received 1 g SASP thrice daily for 6 wk.
Endoscopy was carried out before and after treatment.
Biopsy specimens were taken at the same sites before and
after treatment.

Statistical analysis
Results were expressed as mean±SD. The data of two
groups were analyzed using independent and paired t test.
The counted data were expressed as rate or ratio, and
analyzed by χ2 test. All data were analyzed with SPSS10.0
software.

Grouping
Patients were divided into two groups according to the
criteria of mild and moderate UC[2].
Endoscopy and mucosal biopsy
The colon and rectum were examined with electronic
colonoscope and 3-5 biopsy specimens were taken from
the most obvious inflammatory lesions on the left side of
colon or rectum. The specimens were fixed in 40 g/L
formaldehyde and embedded in paraffin wax, then cut into
continuous sections and stained with hematoxylin and eosin.
Pathologic morphometry was analyzed by one pathologist
with double blind method. The final morphologic results
were obtained from the average of three observations under
a high power microscope.

RESUL
TS
RESULTS
Effects of SASP on small vessel lesions in lamina propria
No significant changes were found in all specimens before
and after SASP treatment (P>0.05). The effect of SASP
on vasculitis in lamina propria was 48.2% and 17.4% in
mild active UC (P<0.001), and 68% and 26.7% in moderate
active UC (P<0.001) before and after treatment. Fibroid
necrosis of vessel wall was found in one case of mild UC
and two cases of moderate UC before treatment but was
not found after treatment. Thrombosis was not found in
mild UC before and after treatment, but was found in one
case of moderate UC before treatment and not found after
treatment (Table 1).

Observed pathological items[3-6]
The following pathlogical items were observed: small vessel
lesions in lamina propria such as vasculitis, fibroid necrosis
of vessel wall, thrombosis and focal hemorrhage; mucosal
gland lesions including glandular abnormality, epithelial cell
regeneration, atypical hyperplasia, goblet cell depletion
(GCD) and Paneth cell metaplasia (PCM); inflammatory
cell infiltration in mucosal epithelium such as lymphocyte
hyperplasia, lymphoid follicular formation, eosinophils (Eos)
and plasmacytes; cellular stromal lesions including granulation
tissue formation, fiber tissue hyperplasia and pseudo-polyp;
crypt abscess.

Effect of SASP on mucosal gland lesions
The effect of SASP on mucosal glandular abnormality was
30.4% and 13.0% in mild UC (P<0.05), and 42% and 40%
in moderate UC (P>0.05) before and after treatment. No
significant effect of SASP on epithelial cell regeneration,
atypical hyperplasia, GCD, and PCM was observed before
and after treatment (P>0.05, Table 2).
Effects of SASP on inflammatory cell infiltration
The rate of Eos infiltration was 98.2% and 80.4% in mild UC
(P<0.01), and 100% and 91.1% in moderate UC (P<0.05)

Pathohistological grading criteria[7,8]
Grade 0: no neutrophilic leukocyte infiltration in lamina

Table 1 Effect of SASP on small vessel lesions in lamina propria (n%)
n

Focal hemorrhage

Before treatment (mild)

56

41 (73.2)

After treatment (mild)
Before treatment (moderate)

46
50

25 (54.3)
32 (64.0)

After treatment (moderate)

45

22 (48.9)

Vessel inflammation

Fibroid necrosis

Thrombosis

27 (48.2)

1 (1.8)

0

8 (17.4)
34 (68.0)

0
2 (4.0)

0
1 (2.0)

12 (26.7)

0

0

Table 2 Effect of SASP on mucosal gland lesions (n%)
n

Glandular abnormality

Epithelial cell regeneration

Atypical hyperplasia

GCD

PCM

Before treatment (mild)
After treatment (mild)

56
46

17 (30.4)
6 (13.0)

19 (34.0)
13 (28.3)

8 (14.3)
2 (4.4)

3 (5.4)
2 (4.4)

0 (0)
1 (2.2)

Before treatment (moderate)
After treatment (moderate)

50
45

21 (42.0)
18 (40.0)

15 (30.0)
7 (15.6)

15 (30.0)
8 (17.8)

12 (24)
6 (13.3)

2 (4.0)
0 (0)
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Table 3 Effects of SASP on inflammatory cell infiltration (n%)
n

Lymphocyte hyperplasia

Lymphoid follicle

Eos infiltration

Before treatment (mild)
After treatment (mild)

56
46

42 (75.0)
30 (65.2)

44 (78.6)
32 (69.6)

55 (98.2)
37 (80.4)

50 (89.3)
37 (80.4)

Before treatment (moderate)
After treatment (moderate)

50
45

37 (74.0)
32 (71.1)

35 (70.0)
26 (57.8)

50 (100)
41 (91.1)

46 (92)
39 (86.7)

before and after treatment. No significant effects of SASP
on lymphocyte hyperplasia, lymphoid follicular formation
and plasmacyte infiltration were observed before and after
treatment (P>0.05, Table 3).
Effect of SASP on cellular stromal lesions
No significant effect of SASP on granulation tissue formation,
fiber tissue hyperplasia and pseudo-polyp was found before
and after treatment (P>0.05).
Effect of SASP on crypt abscess
The effect of SASP on crypt abscess was 21.4% and 4.4%
in mild UC (P<0.05), and 48% and 13.3% in moderate UC
(P<0.001) before and after treatment.
Effect of SASP on mucosal pathohistological grading
The effect of SASP on mucosal pathohistological grading
was 2.00±0.84 and 0.91±0.46 in mild UC (P<0.001), and
2.49±0.84 and 1.31±0.75 in moderate UC (P<0.001) before
and after treatment (Table 4).

Table 4 Effect of SASP on mucosal pathohistological grade
(mean±SD)
n

Mild

n

Moderate

Before treatment

46

2.00±0.84

45

2.49±0.84

After treatment

46

0.91±0.46

45

1.31±0.75

DISCUSSION
The common drugs used in treatment of patients with active
UC are still SASP and glucocorticoids. Sangfelt et al.[9], used
prednisolone enema to treat active UC and showed that the
release quantity of neutrophil myeloperoxidase (MPO),
eosinophil cationic protein (ECP) and eosinophil peroxidase
(EPO) in enema liquid is correlated with their clinical,
endoscopic and histological activities before treatment. When
the patients respond to the treatment, their MPO markedly
decreases, but ECP and EPO do not decrease. The results
suggest that glucocorticoids can reduce mucosal neutrophil
infiltration, but cannot improve Eos infiltration. The increase
of MPO is correlated with neutrophil-activated peptideinterleukin 8 and tumor necrosis factor-α[10].
The mechanism of SASP against active UC is that it
depresses the production of leukotrienes (LTs), prostaglandin
and free radicals[1,11]. SASP plays a role in the treatment of
active UC by interfering with synthesis of inflammatory
media[12]. SASP can depress immune responses of immune
cells and prevent relapse of UC. But the mechanisms
have not been completely clarified[1]. Wright et al.[13], used

Plasmacyte infiltration

20 mg/100 mL sucralfate once or twice daily to treat distal
active UC for 4 wk and showed that it can improve the
clinical, endoscopic and histological scores.
The present study using oral SASP to treat active UC
for 6 wk showed that it could improve small vessel
inflammation and crypt abscess in lamina propria of
inflammatory mucosa, decrease neutrophil and Eos
infiltration in mucosal epithelium, and decline the histological
grading after treatment. There was no fibroid necrosis of
vessel wall and thrombosis in all specimens after treatment.
Significant effect of SASP on mucosal glandular abnormality,
lymphocyte hyperplasia and lymphoid follicular formation,
plasmacytes infiltration and cellular stromal lesions was not
observed.
The insufficient mucosal blood supply and submucosal
vessel lesions are also the pathogenic factors for active UC.
SASP could improve mucosal small vessel lesions, crypt
abscess, mucopurulent hematochezia and mucosal
inflammation in patients with active UC, thus improving
and promoting the healing of inflammatory mucosa.
One cause of inflammatory lesions include all kinds of
hydrolase and cationic protein released from neutrophil granules
of damaged local tissues, which play an important role in
the course of inflammation of type III hypersensitivity[14].
The activated neutrophils produce active oxygen and several
active molecules that promote occurrence and development
of inflammation [15] . SASP could decrease neutrophil
infiltration and histological grading, thus decreasing the
production of inflammatory factors and improving
inflammation.
In this study, SASP obviously decreased mucosal Eos
infiltration. Mucosal Eos infiltration is associated with
chronic intestine inflammation[16]. Eos collected from the
inflammatory mucosa is attracted by immune complex and
Eos chemokine releases from mast cells. Eos could
synthesize prostaglandins E and E2, which restrain the
synthesis of histamine, neutralize hypersusceptibility and
inflammatory reactants. Eos accompanying degranulation
phenomena result from allergic reaction by main
degranulation way[17]. The number of Eos not only reflects
the degree of inflammation[18], but also is an important index
of prognosis[19]. There are more acidophil granules in Eos’s
cytoplasm, containing four toxic cationic proteins: alkalescent
protein, ECP, neurotoxin and peroxidase, all of which have
toxic effect on normal cells[14]. Raab et al.[20], also confirmed
that there are more Eos infiltrating lamina propria of active
UC, and ECP obviously increases. The activation or
degranulation of Eos is correlated with mucosal inflammatory
responses. The changes in intestinal mucosa resulted from
Eos infiltration in the inflammatory mucosa that are activated
and cause mucosal lesions during degranulation and release
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of ECP[21].
In conclusion, SASP can effectively treat patients with
active UC and improve small vessel lesions, crypt abscesses,
and decrease neutrophil and Eos infiltration.
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CONCLUSION: Endostatin not only significantly suppresses
tumor growth but also enhances the antitumor efficacy
of radiation therapy in human carcinoma xenograft.

Abstract

http://www.wjgnet.com/1007-9327/11/4439.asp

AIM: To evaluate whether intratumoral injection of liposomeendostatin complexes could enhance the antitumor efficacy
of radiation therapy in human liver carcinoma (BEL7402) model.
METHODS: Recombinant plasmid pcDNA3.End was
transfected into human liver carcinoma cell line (BEL7402)
with lipofectamine to produce conditioned medium. Then
BEL7402 cells and human umbilical vein endothelial cells
(HUVECs) were treated with the conditioned medium. Cell
cycle and apoptosis were analyzed by flow cytometer and
endothelial cell proliferation rates were determined by
MTT assay. The antitumor efficacy of endostatin gene
combined with ionizing radiation in mouse xenograft liver
tumor was observed.
RESULTS: Endostatin significantly suppressed the S phase
fraction and increased the apoptotic index in HUVECs. In
contrast, endostatin treatment had no effect on BEL7402 cell
apoptosis (2.1±0.3% vs 8.9±1.3%, t = 8.83, P = 0.009<0.01)
or cell cycle distribution (17.2±2.3% vs 9.8±1.2%, t = 4.94,
P = 0.016<0.05). The MTT assay showed that endostatin
significantly inhibited the proliferation of HUVECs by 46.4%.
The combination of local endostatin gene therapy with
radiation therapy significantly inhibited the growth of
human liver carcinoma BEL7402 xenografts, the inhibition
rate of tumor size was 69.8% on d 28 compared to the
untreated group. The tumor volume in the pcDNA3.End
combined with radiation therapy group (249±83 mm3) was
significantly different from that in the untreated group
(823±148 mm3, t = 5.86, P = 0.009<0.01) or in the pcDNA3
group (717±94 mm3, t = 6.46, P = 0.003<0.01). Endostatin
or the radiation alone also inhibited the growth of liver tumor
in vivo, but their inhibition effects were weaker than those
of endostatin combined with radiation, the inhibition rates
on d 28 were 44.7% and 40.1%, respectively.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Tumors are dependent on angiogenesis for sustained growth[1].
Endostatin, an endogenous antiangiogenic agent, is a M r
20 000 COOH-terminal fragment of collagen XVIII. It is
a potent inhibitor of angiogenesis in vitro, and has significant
antitumor effects in a variety of preclinical tumor models[2,3].
Endostatin specifically inhibits endothelial cell proliferation
without direct effects on tumor cell or non-neoplastic cell
growth[4-7], whose overexpression can lead to primary tumor
regression and growth inhibition[8].
Most therapeutic investigations of endostatin utilized
the purified protein, but the protein purification process is
difficult and may denature endostatin. For maintaining
therapeutically effective serum levels the protein must be
repeatedly used because it has a short half-life in vivo. One
possible approach to overcome this problem may be the
utilization of gene therapy strategy. Studies using viral
vectors to deliver endostatin gene have demonstrated its
efficacy in treatment of mouse tumor models[9-11].
Although antiangiogenic therapies have shown significant
antitumor effects in preclinical investigations, angiogenesis
inhibitors cannot achieve tumor cures on their own. Antiangiogenic strategies in combination with conventional anticancer approaches may achieve better results. The involvement of antiangiogenic agents during the course of
radiotherapy have been shown to produce significant
therapeutic effects[12-15].
In this study, we investigated whether intratumoral
injection of liposome-endostatin complexes could enhance
the treatment efficacy of ionizing radiation in a human liver
carcinoma (BEL7402) model.
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MA
TERIALS AND METHODS
MATERIALS
Plasmid and cell lines
The plasmid pcDNA3.End containing a synthetic rat insulin
leader sequence and the full-length mouse endostatin cDNA
was kindly provided by Dr. Wang Jianli (Shandong Medical
University, Jinan, China). The synthetic rat insulin leader
was cloned in front of the endostatin gene. Human liver
carcinoma cell line BEL7402 and human umbilical vein
endothelial cell line (HUVEC) were kept in our laboratory.
HUVECs and BEL7402 cells were maintained in DMEM
(Gibco) containing 10% FBS.
In vitro transfection and production of conditioned endostatin
medium
BEL7402 cells were grown in 6-well plates at the density of
2×105 cells/well to 50-80% confluence, then transfected
with 10 µL of lipofectamine (Invitrogen) mixed with 4 µg
of plasmid (pcDNA3.End or pcDNA3) as described by
the Invitrogen protocol. After 24 h transfection, the cells
were extensively rinsed with PBS and incubated in serumfree DMEM for another 24 h. The conditioned media were
collected, centrifuged and cell debris was cleared off.
Endostatin in the culture media was measured with a murine
endostatin enzyme immunoassay kit (Chemicon Inc.). The
conditioned media were concentrated 20-fold with Amicon
membranes (Amicon Inc.), and endostatin protein levels
were determined by immunoassay before being stored at
for further use.
-80
Cell cycle assay
BEL7402 cells and HUVECs were plated in 6-well plates at
the density of 2×10 5 cells/well and allowed to attach
overnight. The cells were treated with conditioned medium
containing certain concentration of endostatin and 10%
FBS after removal of the medium. Forty-eight hours later,
the cells were trypsinized, counted and fixed in 50% ethanol
overnight, then treated with PBS (containing 1 g/L RNase)
for 30 min. Samples were washed with PBS twice and
resuspended in PBS at a concentration of 1×106 cells/mL.
The cells were stained with PI in darkness for 30 min and
cell cycle distribution was analyzed with a flow cytometer
(Becton-Dickinson FACS Calibur).
Apoptosis assay
BEL7402 cells and HUVECs were cultured in 6-well plates
at the density of 2×105 cells/well and incubated for 24 h.
The medium was replaced with 2 mL of conditioned medium
containing certain concentration of endostatin and 10%
FBS. After being incubated for 48 h, the cells were trypsinized,
counted, washed twice with cold PBS and then resuspended
in 1× binding buffer at a concentration of 1×106 cells/mL.
Five microliters of annexin V-FITC and five microliters of
PI were added. The cells were gently vortexed and incubated
for 15 min at RT in the dark, and then 400 µL of 1× binding
buffer was added. Apoptosis was analyzed with a flow
cytometer.
Endothelial cell proliferation assay
HUVECs were incubated in 96-well dishes at the density
of 10 4 cells/well and allowed to attach overnight. The
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medium was then replaced with 20 µL of conditioned
medium and incubated for 30 min. Eighty microliters of
DMEM containing with 10% FBS and 1 µg/L bFGF (Sigma)
were then added. After the cells were incubated for 48 h,
20 µL MTT solution (5 g/L) was added. Then, 4 h later,
100 µL 100 g/L SDS was added. After being vortexed gently
for 10 min, the number of cells was quantified by colorimetric
MTT assay.
In vivo treatment of tumor cells by liposome-DNA complex
injection combined with radiation therapy
Female nude mice aged 4-6 wk were obtained from Animal
Center of Shandong Medical University and fed with a
standard rodent diet. To establish xenografts, animals were
subcutaneously injected into the right flank with 1×106
BEL7402 cells suspended in 200 µL 0.9% saline. Seven days
after the injection of tumor cells, the mice were randomly
divided into five treatment groups: untreated, empty vector
(Lip-pcDNA3), Lip-pcDNA3.End, pcDNA3.End combined
with radiation, and radiation. Six mice were enrolled in each
group. To deliver the gene therapy, each mouse in groups
2, 3, and 4 received three intratumoral injections of liposomeDNA complex which consisted of 40 µL lipofectamine and
20 µg of DNA (1 g/L) and 40 µL 0.9% saline on d 7, 14,
and 21 after the injection of tumor cells. Irradiations were
performed using a 6 MV Varian 2100 C linear accelerator,
operating a single dose of 10 Gy 7 d after injection of
tumor cells. Before irradiation, the mice were confined in
plastic containers. The animals’ tumor-bearing sites extended
through openings in the containers allowing the tumors to
be irradiated locally. Tumors were measured every 3-4 d.
Tumor response to treatment was determined by growth
delay assay. The tumor volume was calculated by the
formula: tumor volume = ab2×0.52, where a is the length,
and b is the width.

RESUL
TS
RESULTS
In vitro endostatin quantification
Unconcentrated media (100 µL) collected from BEL7402 cells
transfected with pcDNA3.End and pcDNA3 were measured
with a murine endostatin enzyme immunoassay kit. The
experiment showed that BEL7402 cells transfected with
pcDNA3.End efficiently secreted endostatin protein into the
culture media. Endostatin levels were 486.2±56.5 mg/L in
conditioned media from BEL7402 cells transfected with
pcDNA3.End, and 6.8±2.6 mg/L in conditioned media from
BEL7402 cells transfected with pcDNA3. There were
significant differences in endostatin levels between the two
groups (t = 14.68, P = 0.005<0.01, Figure 1).
Endostatin-affected HUVEC cell cycle and apoptosis
After being treated with conditioned medium, compared to
conditioned medium from BEL7402 cells transfected with
pcDNA3, conditioned medium from BEL7402 cells transfected
with pcDNA3.End significantly suppressed the S phase
fraction (17.2±2.3% vs 9.8±1.2%, t = 4.94, P = 0.016<0.05)
and increased the apoptotic index (2.1±0.3% vs 8.9±1.3%,
t = 8.83, P = 0.009<0.01) in HUVECs. In contrast, after
being treated with the two-conditioned media respectively,
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there were no differences in BEL7402 cell apoptosis or cell
cycle distribution, suggesting that endostatin treatment had
no effect on BEL7402 tumor cell apoptosis or cell cycle
distribution.
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volume of the pcDNA3.End group (492±97 mm3) or the
radiation group (455±124 mm3) was significantly different
from that of the untreated group (the pcDNA3.End group,
t = 3.14, P = 0.039<0.05 and the radiation group, t = 3.30,
P = 0.03<0.05) or the pcDNA3 group (the pcDNA3.End
group, t = 2.89, P = 0.045<0.05 and the radiation group,
t = 2.92, P = 0.047<0.05).
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Figure 1 Mean concentration of endostatin protein in supernatant. 1: Secretion
of endostatin by BEL-7402 cells transfected with pcDNA3; 2: secretion of
endostatin by BEL-7402 cells transfected with pcDNA3.End.
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Endostatin-inhibited endothelial cell proliferation
After 24 h incubation with conditioned media, endostatininhibited HUVECs proliferation by 46.4±9.7%, while the
conditioned media derived from cultures of BEL7402 cells
transfected with pcDNA3 control vector did not affect
endothelial cell proliferation, the inhibition rate was 8.7±0.5%
(t = 6.72, P = 0.02<0.05, Figure 2).
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Figure 2 HUVEC proliferation rates inhibited by endostatin. 1: Proliferation rate
inhibited by conditioned media derived from cultures of BEL7402 cells transfected
with pcDNA3; 2: proliferation rate inhibited by conditioned media derived from
cultures of BEL7402 cells transfected with pcDNA3.End; 3: control group.

Endostatin gene therapy combined with radiation-inhibited
tumor growth in nude mice
As shown in Figure 3, tumors treated with Lip-pcDNA3.
End combined with radiation group grew very slowly in
nude mice, the inhibition rate of tumor size was 69.8% on
d 28 compared to untreated group. The tumor volume of the
pcDNA3.End combined with radiation group (249±83 mm3)
was significantly different from that of the untreated group
(823±148 mm3, t = 5.86, P = 0.009<0.01) or the pcDNA3
group (717±94 mm3, t = 6.46, P = 0.003<0.01). Tumors
of the pcDNA3.End group and radiation group also grew
slower than those of the untreated group or the pcDNA3
group, but the inhibitory effects on tumor growth were
slightly weaker than those of the pcDNA3.
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25

30

Figure 3 Tumor growth after intratumoral injections of liposome-plasmid
complexes or irradiation or both.

DISCUSSION
Radiotherapy is one of the most important treatment
modalities for solid tumors. Today, 45-50% of all cancer
patients can be cured, and nearly 70% of those who are
cured have received radiation either alone or in combination
with other modalities, but a large number of patients have
no response to radiotherapy treated with curative intent
ultimately fail, not only because of metastasis of the disease,
but also because of relapse at the local treatment site. One
reason responsible for radiotherapy failure may be the tumor
vasculature. Numerous studies have shown that tumor cells
stop growing when the diameter of tumor exceeds 1-2 mm
if new blood vessels supplying the tumor fail to generate[16].
Hence, the combined radiotherapy with antiangiogenic
agents has aroused great concerns[17,18].
Angiogenesis is a complex process with multiple,
sequential, and interdependent steps. Tumor cells promote
new vessel formation by releasing endothelial cell growth
factors that support endothelial cell proliferation, migration,
and survival. Tumor angiogenesis is the consequence of
enhanced expression of proangiogenic factors relative to
antiangiogenic factors in the tumor microenvironment.
The combination of radiation treatment with endostatin
may improve radiotherapy outcome by enhancing antitumor
efficacy, reducing the total radiation dose, improving local
tumor control rate, alleviating radiation damage. These
considerations, along with the extensive clinical use of
radiotherapy, make thorough investigation of strategies
combining conventional treatment modality with endostatin.
It was reported that combined endostatin gene therapy with
radiotherapy can improve tumor response[19-22].
We chose liposome to transfect BEL7402 cells with
endostatin gene due to its high transfection efficiency. In
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our pre-experiment, we chose lipofectamine to transfect
BEL7402 cells with pcDNA3.GFP, the transfection rate was
73.5%. ELISA analysis of conditioned media from BEL7402
cells transfected with pcDNA3.End showed that the level
of endostatin protein was 486.2±56.5 mg/L, suggesting
that BEL7402 cells transfected with pcDNA3.End plasmids
secrete endostatin proteins into the culture media. The
conditioned medium significantly suppressed the S phase
fraction and increased the apoptotic index in HUVECs.
However, it had no effect on BEL7402 cell apoptosis or
cell cycle distribution. In vivo, endostatin significantly
enhanced the treatment efficacy of ionizing radiation. The
antitumor inhibition rate of combined endostatin gene
therapy with radiation in BEL7402 human liver tumor
model was 69.8%, which was significantly different from
the untreated group (t = 5.86, P = 0.009<0.01) or the empty
vector group (t = 6.46, P = 0.003<0.01) on d 28. Tumors
of the radiation group and the pcDNA3.End group grew
slower than those of the untreated group or the pcDNA3
group. These results indicate that intratumoral injection of
liposome-endostatin complex significantly enhances the
antitumor efficacy of radiation therapy.
In summary, gene therapy can deliver antiangiogenic
polypeptide endostatin. Cationic liposomes transfected to
endostatin gene can not only suppress endothelial cell
proliferation, but also enhance the treatment efficacy of
ionizing radiation.
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Abstract
A 44-year-old man was referred to our hospital with
intermittent abdominal pain. Because distention of
fluid- and gas-filled loops of small intestine was proved
by X-ray, the patient was diagnosed as having small bowel
obstruction. A laparotomy revealed a segmental stenosis in
the jejunum, which showed diffuse thickening of the intestinal
wall. Some mesenteric lymph nodes were swollen.
Pathological examination was defined. We diagnosed diffuse
large B-cell lymphoma based on the pathological findings
of diffuse transmural infiltration of large lymphoid cells
and flow-cytometric analyses. Rituximab was administered
as adjuvant therapy at weekly doses of 375 mg/m2. Four
cycles were performed every 6 mo and he remained CR.
Rituximab may be effective as adjuvant therapy.

20% of all non-Hodgkin’s lymphomas (NHL) [1,2]. The
location most frequently involved has been the ileocecal
region, followed by small bowel, accounting for 20-40% of
PGL[1]. Small bowel lymphoma tends to be annular in the
distal ileum, not proximal[2]. Jejunum obstruction in a patient
with NHL has been exceptionally described.
Regarding treatment, it has been established that the
primary surgical treatment had the most favorable influence
on failure-free survival in localized diseases and hence the
resection may be appropriate as the primary treatment[3].
On the other hand, the effectiveness of adjuvant therapy
for localized NHL remains to be unclear, because some
cases could be cured only by surgical resection.
In this study, we have described the primary jejunal
NHL with small bowel obstruction, which remained in
complete remission by surgical resection followed by
rituximab administration.

CASE REPORT
A 44-year-old man was admitted to our hospital in May
2002 because of intermittent abdominal pain. Small bowel
series and computed tomography (CT) of the abdomen
showed stenosis at jejunum and dilatation of small bowel
(Figures 1 and 2), indicating small bowel obstruction.
However, the cause of obstruction remained unclear in
spite of several workups. Laparotomy disclosed a 3 cm
long jejunal segment stenosis at 110 cm from the ligament
of Treitz and some mesenteric lymph nodes were swollen.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Primary gastrointestinal lymphoma (PGL) accounts for 4-

Figure 1 Small bowel series and CT showed both the distention of fluid- and
gas-filled loops of small intestine and segmental stenosis indicated by arrow.
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Figure 2 Resected jejunum show. A: Resected jejunum showed diffuse thickening
of the intestinal wall (oral side); B: multiple hyperplastic follicles (anal side).

The resected specimens showed diffuse thickening of the
intestinal wall, histopathological analysis of which showed
that large lymphoid cells aggregated diffusely. Mesenteric
lymph nodes were also involved. Flow-cytometric studies
showed that the tumor cells expressed HLA-DR (84.8%),
s-IgA (46.6%), γ (69.8%), CD10 (44.7%), CD19 (68.1%), and
CD20 (62.4%) with a high-intensity signal. Results for CD5
were negative (26.2%) with a low-intensity signal.
Postoperative workup did not demonstrate the evidence of
systemic involvement. Thus, the patient was diagnosed having
primary jejunal diffuse large B-cell lymphoma at stage II1.
Rituximab was administered as adjuvant therapy at weekly
doses of 375 mg/m2. Four courses were performed every
6 mo and the patient is in complete remission with a followup time of 24 mo with no significant adverse effects.

DISCUSSION
We experienced a rare case of primary jejunal NHL as
radiological workup including CT and angiography provided
no evidence for final diagnosis, we performed laparotomy
and segmental intestinal resection. The recognition of the
possibility of jejunal obstruction due to NHL may facilitate
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early diagnosis. Yamamoto et al., have recently developed
double-balloon endoscopy. This method enables us to survey
all intestines with ease[4]. In future, this method may become
the routine mode of study for small bowel obstruction.
Regarding treatment, we performed segmental resection
of jejunum and rituximab therapy as adjuvant treatment.
The efficacy and toxicity of adjuvant therapy for localized
NHL remained unclear because excess chemotherapy may
provoke secondary malignancies. On the other hand, a new
anti-CD20 mAb, rituximab, is effective in the treatment of
B-cell lymphoma with slight adverse effects[5,6]. Thus we
treated the patient under study with rituximab as adjuvant
therapy. He tolerated this adjuvant therapy well, with slight
nausea. Rituximab may be effective as adjuvant therapy
for PGL. The efficacy and toxicity should be examined in
large series.

REFERENCES
1

2

3

4
5

6

Lee J, Kim WS, Kim K, Ko YH, Kim JJ, Kim YH, Chun HK,
Lee WY, Park JO, Jung CW, Im YH, Lee MH, Kang WK, Park
K. Intestinal lymphoma: exploration of the prognostic factors
and the optimal treatment. Leuk Lymphoma 2004; 45: 339-344
Domizio P, Owen RA, Shepherd NA, Talbot IC, Norton AJ.
Primary lymphoma of the small intestine. A clinicopathological study of 119 cases. Am J Surg Pathol 1993; 17: 429-442
Samel S, Wagner J, Hofheinz R, Sturm J, Post S. Malignant
intestinal non-Hodgkin's lymphoma from the surgical point
of view. Onkologie 2002; 25: 268-271
Yamamoto H, Sugano K. A new method of enteroscopy--the
double-balloon method. Can J Gastroenterol 2003; 17: 273-274
Maloney DG, Grillo-Lopez AJ, Bodkin DJ, White CA, Liles
TM, Royston I, Varns C, Rosenberg J, Levy R. IDEC-C2B8:
results of a phase I multiple-dose trial in patients with
relapsed non-Hodgkin’s lymphoma. J Clin Oncol 1997; 15:
3266-3274
Maloney DG, Grillo-Lopez AJ, White CA, Bodkin D, Schilder
RJ, Neidhart JA, Janakiraman N, Foon KA, Liles TM,
Dallaire BK, Wey K, Royston I, Davis T, Levy R. IDEC-C2B8
(Rituximab) anti-CD20 monoclonal antibody therapy in patients with relapsed low-grade non-Hodgkin’s lymphoma.
Blood 1997; 90: 2188-2195

Science Editor Zhu LH and Guo SY Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(28):4445-4446
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• CASE REPORT •

Ovarian carcinoma in two patients with chronic liver disease
Mehlika Isildak, Gulay Sain Guven, Murat Kekilli, Yavuz Beyazit, Mustafa Erman
Mehlika Isildak, Murat Kekilli, Yavuz Beyazit, Gülay Sain Guven,
Mustafa Erman, Department of Internal Medicine, Faculty of
Medicine, Hacettepe University, Sihhiye, Ankara 06100, Turkey
Gülay Sain Guven, Department of Internal Medicine, Section of
General Internal Medicine, Faculty of Medicine, Hacettepe
University, Sihhiye, Ankara 06100, Turkey
Mustafa Erman, Department of Internal Medicine, Section of
Medical Oncology, Faculty of Medicine, Hacettepe University,
Sihhiye, Ankara 06100, Turkey
Correspondence to: Dr. Gülay Sain Guven, Department of Internal
Medicine, Section of General Internal Medicine, Faculty of Medicine,
Hacettepe University, Sihhiye, Ankara 06100,
Turkey. gsain@tr.net
Telephone: +90-312-305-3029 Fax: +90-312-305-2302
Received: 2004-07-23 Accepted: 2004-12-01

Abstract
Ascites is a common and debilitating complication of
cirrhosis. However, patients with chronic liver disease are
not spared from other causes of ascites and physicians
should be careful not to miss an underlying malignancy.
Ovarian cancer is an insidious disease, which is difficult
to diagnose and it ranks first in mortality among all
gynecological cancers. Here, we present two cases of
patients with chronic liver disease that developed ascites
not simply because of cirrhosis but as a manifestation of
ovarian cancer. We would like to emphasize that the
causes of ascites, other than the liver itself, should not be
overlooked in patients with chronic liver disease.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ascites is the most common complication of viral, alcoholic
or metabolic liver cirrhosis. Approximately half of the cirrhotic
patients are expected to develop ascites within 10 years after
the diagnosis[1]. Development of ascites is an important prognostic sign in the usual course of chronic liver disease since
it shortens the 5-year survival rate of a cirrhotic patient[2-4].
Ascites may develop in 75% of all patients with liver
disease. The remaining 25% is due to malignancy (10%),
cardiac failure (3%), pancreatitis (1%), tuberculosis (2%) and

other uncommon causes [5]. However, it is important to
comprehend that cirrhotic patients are not spared from these
non-cirrhotic causes. Herein we present two patients with
chronic liver disease who were diagnosed to have ovarian
cancer after a thorough investigation of their ascites.

CASE REPORT
Case 1
A 45-year-old woman with chronic liver disease was seen at
the outpatient clinic, because of her recent complaints. She
complained of abdominal swelling, in the previous 2 mo.
She had abdominal pain radiating to her back, which
was aggravated after meals. Famotidine was of no use in
relieving the pain. She also complained of weight loss as
much as 5 kg in 20 d. The patient had been followed up for
chronic hepatitis B infection for 8 years. The diagnosis was
confirmed with a liver biopsy, which showed cirrhosis at
developmental stage. She underwent esophageal variceal
band ligation and transjugular intrahepatic portosystemic
shunt (TIPSS) for the management of chronic ascites before
5 years. TIPSS was performed once again before 3 years.
She received medical treatment while awaiting liver
transplantation. She had no evident family history.
Physical examination revealed that she had massive ascites
and was admitted to our hospital for further investigation.
Ultrasonographic examination of the abdomen had no
remarkable finding except ascites and parenchymal changes
in the liver. Hepatic and portal venous systems were normal
since the portosystemic shunt functioned well. Diagnostic
paracentesis was performed and biochemical analysis was
as follows: LDH: 318 U/L (concomitant serum LDH was
337 U/L), albumin: 2.4 g/dL (serum albumin: 2.9 g/dL).
Cytological investigation of the ascites showed malignant
cells. Abdominal computed tomography (CT) revealed
peritoneal carcinomatosis and solid mass lesions of both
the ovaries. CT of the thorax showed metastatic nodules
on the pleural surface. Serum CA 125 level was 9 853 U/mL.
The patient underwent total abdominal hysterectomy,
bilateral salpingo-oopherectomy, omentectomy, and pelvic–
paraaortic lymph node dissection. Tumor debulking surgery
and histopathological examination of the specimens reported
that she had ovarian serous papillary adenocarcinoma (stage
III). Paclitaxel–carboplatin therapy was started. Unfortunately,
during the first course of chemotherapy she developed acute
pneumonia and empyema, which rapidly progressed to septic
shock leading to her death.
Case 2
A 40-year-old woman was admitted to hospital because of
ascites. She was also suffering from loss of weight and appetite
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in the last 10 d. She was known to have had chronic hepatitis B
and D. She received interferon treatment for 6 mo, followed
by another course of pegylated interferon 2 years later.
She had no significant complication of chronic liver disease.
Biochemical analysis of ascites showed an LDH level
of 564 U/L and serum-ascites albumin gradient was 0.7.
Computed tomography of the abdomen showed massive
ascites, omental cake sign and mass lesions of 4-5 cm in both
adnexal regions. Serum CA 125 level was 3 028 U/mL. She
underwent total abdominal hysterectomy, bilateral oophorectomy, lymph node dissection and tumor debulking surgery.
Pathological diagnosis of the tumor was poorly differentiated
adenocarcinoma, which was positive for CA 125 and CK7,
thus confirming an ovarian origin. Serum CA 125 value of
the patient decreased to 25.9 U/mL after the operation.

DISCUSSION
Ovarian carcinoma is difficult to diagnose and it is usually
discovered only in its advanced stages. It therefore has the
highest mortality among all gynecological malignancies.
Cachexia with pelvic mass, ascites and elevated CA125 levels
generally lead to its correct diagnosis, but usually there are no
pathognomonic radiological or laboratory findings. Therefore,
a laparatomy is usually necessary for its final diagnosis.
In the majority of ovarian cancer cases, the etiology is
unknown. A small percentage of cases may be attributed to
hereditary disorders. Close follow-up with annual transvaginal
ultrasound examination and measurement of CA125 levels
is advocated for patients with high at genetic risk. Prophylactic
oophorectomy after completion of fertility may be a reasonable
option for BRCA mutation carriers and might be effective in
preventing both ovarian or breast cancers. However, such an
approach has not been evaluated[6]. Multiple pregnancies or
the use of oral contraceptives might have a protective effect
as they can reduce ovulation and related hormonal effect[7].
The 5-year survival rate for advanced disease is about 30%.
In a study reviewing the general practice records of patients
with epithelial ovarian cancer, the most frequent symptoms
are abdominal pain, change in bowel habits, abdominal
swelling, vaginal bleeding, weight loss, and backache[8]. The
same study revealed that the most significant independent
variable for survival is the stage of the disease at surgery[8].
Ascites is an important clinical finding in ovarian cancer.
Any patient who presents with ascites should undergo a
thorough investigation of ascites influencing cytological
analysis and measurement of amylase level. Though an
elevated CA125 level should raise a suspicion of ovarian
cancer, its interpretation in patients with any serosal
involvement may not be easy, since any type of pleural,
peritoneal or pericardial irritation can lead to elevated serum
level of this high molecular weight glycoprotein[9].
CA125 level greater than 35 U/mL has been reported
in 35-75% of cirrhotic patients, most commonly in those
with ascites. Studies have shown that cirrhotic patients with
ascites have different mean serum CA125 levels of 291
and 572 U/mL, respectively[10-12]. All these data show that
CA125 is not a strong diagnostic tool for ovarian cancer in
patients with preexisting cirrhotic ascites.
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Though it is not possible to define a strict dividing line
between “expected” and “alarming” ascites during the course
of chronic liver disease, some clues may help physicians to
find other underlying causes. We believe that the two cases
in our study contribute to this. The first patient had a rapid
development of ascites despite a functional TIPSS. The
other patient did not have overt signs of cirrhotic changes
of the liver, the reason why ascites occurred is not clear. In
both cases, the presence of an exudative rather than transudative
peritoneal fluid is another underlying cause other than
cirrhosis[13]. As mentioned above, an elevated CA125 level
is not a specific diagnostic marker for ovarian cancer as it
may be elevated in a cirrhotic patient, due to peritoneal
irritation. Thus, extremely high CA125 levels merit further
investigation.
We conclude that the development of ascites in patients
with chronic liver disease should never be considered as
“normal” and a search for other causes should be considered.
Prompt diagnosis and surgical intervention may be lifesaving in such cases.
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Abstract
Two cases of acute pancreatitis with leptospirosis are
reported in this article. Case 1: A 68-year-old woman,
presented initially with abdominal pain, nausea, vomiting,
and jaundice. She was in poor general condition, and
had acute abdominal signs and symptoms on physical
examination. Emergency laparotomy was performed, acute
pancreatitis and leptospirosis were diagnosed on the basis
of surgical findings and serological tests. The patient died
on postoperative d 6. Case 2: A 62-year-old man, presented
with fever, jaundice, nausea, vomiting, and malaise. Acute
pancreatitis associated with leptospirosis was diagnosed,
according to abdominal CT scanning and serological tests.
The patient recovered fully with antibiotic treatment and
nutritional support within 19 d.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Leptospirosis is a spirochetal bacterial infection and causes
clinical illness in animals and humans. This zoonosis is
common in some other parts of the world but rather rare
in Turkey[1,2]. This disease is predominantly seen in farmers,
trappers, veterinarians, and rice-field workers. Leptospirosis
mainly affects liver and kidney. Rarely, other organs such as
lung, heart, gallbladder, brain, and ophthalmic tissues are
involved, mainly due to vasculitis[3,4]. Hyperamylasemia can be
present in leptospirosis infection due to renal impairment[5-7].
Therefore, the diagnosis of acute pancreatitis is controversial
in this disease.

Pancreatitis is a rare complication of leptospirosis and
only a few cases have been reported in literature[1,5,8,9]. We
report two cases here.

CASE REPORT
Case 1
A 68-year-old woman was referred to Ondokuz Mayis
University hospital for abdominal pain, nausea, vomiting,
and jaundice with 1-d history. She had no history of contact
with jaundiced persons, blood transfusions and drug abuse.
She was operated on 3 years ago for hip fracture and
occasionally she took some analgesics. On physical examination,
she was in poor general condition with dehydration and her
scleras were icteric. Her pulse rate was 120/min, blood pressure
14.6/10.6 kPa and she was tachypneic. Urine output was
normal. There was a marked tenderness in her whole abdomen
with guarding and rebound tenderness. No other abnormalities
were noted. Laboratory investigations on admission revealed
Hb: 13 g/dL, Htc: 39.7, WBC: 9 000/mm3, platelet count:
120 000/mm3 (n: 150×103-300×103), BUN: 60 mg/dL (n:
5-24), creatinine (Cr): 2.7 mg/dL (n: 0.4-1.4), lactate
dehydrogenase (LDH): 2 321 U/L (n: 95-500), total/direct
bilirubin: 6.5/4.7 mg/dL, Ca: 7.8 mg/dL (8-10), amylase:
630 U/L (28-100), lipase: 642 U/L (n: 0-190), aspartate
transaminase (AST): 2 500 U/L (n: 8-46), alanine
transaminase (ALT): 1 900 U/L (n: 7-46), serum C-reactive
protein (CRP): 192 mg/L (n: 0-5), PaO 2: 7.71 kPa, base
excess (BE): -5 mmol/L, with negative viral hepatitis markers.
The Ranson score was 8. Abdominal ultrasonographic
examination revealed acute calculus cholecystitis and
abdominal fluid collection. Biliary dilatation was not observed
in ultrasonographic examination.
The patient was operated on with the diagnosis of
surgical acute abdomen. On exploration, 500 mL serohemorrhagic fluid was found in the abdominal cavity, and
gallbladder and pancreas were found to be markedly
edematous. Areas of fatty necrosis were seen on peripancreatic
tissues. Cholecystectomy and common bile duct exploration
were done. Pre-operative cholangiogram was normal. Histopathologic diagnosis of the gallbladder was acute cholecystitis.
Leptospires were seen in blood, intra-abdominal fluid and
bile on dark-field microscopy. Leptospira microagglutination
test was positive (at 1:100 Leptospira samaranga Patoc I).
Penicillin G, 3 million units four times per day was given to
the patient intravenously. Total parenteral nutrition was also
started for artificial nutrition. The patient recovered after
operation and oral intake was started on postoperative d 5.
Although liver function tests and laboratory values returned
to normal within 5 d, others included Hb: 11 g/dL, platelet
count: 170 000/mm3, BUN: 43 mg/dL, Cr: 0.8 mg/dL,
total/direct bilirubin: 1.9/1.56 mg/dL, AST: 47 U/L, ALT:
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168 U/L. Six days after the operation the patient died due
to a suddenly developed cardiopulmonary arrest.
Case 2
A 62-year-old man was admitted to Ondokuz Mayis
University hospital with fever, marked jaundice, nausea,
and vomiting. The patient had also 2 wk’ history of malaise,
fever, and dizziness before hospital admission. On
examination, the patient was icteric and there was
conjunctival hyperemia. His temperature was 39 and blood
pressure was 19.9/11.9 kPa. Urine output was 30 mL/h.
The remainder of the physical examination was normal.
Laboratory investigations on admission showed Hb:
8.6 g/dL, Htc: 27.8, WBC: 23 000/mm3, platelet count:
53 000/mm3, glucose 140 mg/dL, total/direct bilirubin:
48/44 mg/dL, AST: 70 U/L, ALT: 85 U/L, alkaline
phosphatase: 516 U/L (n: 95-280), γ-glutamic transpeptidase:
104 U/L (n: 7-49), BUN: 120 mg/dL, Cr: 17 mg/dL,
LDH: 1 638 U/L, total protein 4.8 g/dL (n: 6-8.5), albumin:
2.2 g/dL (n: 3.5-5), amylase 980 U/L, pancreatic amylase:
830 U/L (n: 13-53), lipase: 797 U/L, Ca: 7.5 mg/dL, CRP:
68, negative viral hepatitis markers. The Ranson score was 6.
Leptospira microagglutination test was positive (at 1/800,
L icterohemorrhagica). Leptospires were seen in blood on darkfield microscopy. Abdominal CT examination revealed
bilateral pleural effusion, intra-abdominal minimal fluid
collection, pancreatic edema and peripancreatic tissues
heterogeneity (Figure 1A).
A diagnosis of leptospirosis with acute pancreatitis was
made. The patient had renal failure in acute non-oliguric
form. Hemodialysis was performed at the beginning of the
treatment. Intravenous fluid resuscitation and ampicillinsulbactam treatment were given. Nasojejunal feeding tube
was inserted endoscopically for adequate caloric intake. Four
days after the treatment, body temperature decreased to
37.5 , amylase levels decreased to normal value 150 U/L
and platelet count increased to 150 000/mm3. Bilirubin
levels, liver function tests, and creatinine level slowly
returned to normal within 2 wk (laboratory tests at the
discharge time revealed WBC: 9 000/mm 3, Hb: 90 g/L,
total/direct bilirubin: 2/1.8 mg/dL, BUN: 30 mg/dL, Cr:
1.2 mg/dL, AST: 24 U/L, ALT: 45 U/L, LDH: 380 U/L).
Oral intake was started on d 19 of admission and the patient
was discharged. Abdominal CT findings at the discharge
time revealed minimal edema in the pancreas (Figure 1B).
The patient was examined 2 mo later and he was in a
completely healthy condition.
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Figure 1 Abdominal CT scan of case 2. A: Pancreatic edema, heterogeneity
and minimal intra-abdominal fluid collection; B: minimal edema in the pancreas
after treatment. P: pancreas.
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DISCUSSION
Leptospirosis is a spirochetal zoonosis that causes clinical
illness in humans as well as in animals. The source of
infection in humans is usually either direct or indirect contact
with the urine of infected animals. These bacteria infect
humans by entering through abraded skin, mucous membrane,
conjunctivae. Direct transmission between humans is rare[3,4].
Leptospirosis is a common disease in rice-field workers due
to prevalence of wild rats[4,8]. Both of our patients were from
rural area of the middle Black Sea region of Turkey and
have worked in rice fields. Rice field with stagnant water
and humid condition is an ideal environment for leptospira.
Leptospirosis is characterized by the development of
vasculitis, endothelial damage, and inflammatory infiltration.
This disease mostly affects tissues of the liver and kidney.
Other tissues such as the pancreas can be affected due to
vasculitis[4].
This disease occurs as two clinically recognizable syndromes:
the anicteric leptospirosis (80-90% of all cases) and the
remainder icteric leptospirosis[3,4]. Icteric leptospirosis is
known as Weil’s disease, which is characterized by hemorrhage,
renal failure, and jaundice. Icteric leptospirosis is a much
more severe disease than anicteric form. The clinical course
is often rapidly progressing. Our cases seemed to be icteric
leptospirosis. Serological tests confirmed on blood samples
as L icterohemorrhagica and L samaranga Patoc. First of these
is responsible for icteric form of the disease. L samaranga
Patoc sero-type is not the cause of Weil’s disease but crossreaction is possible between the serotypes of leptospirosis.
Thrombocytopenia is a common finding in leptospirosis,
occurring in 40-85% of this disease. But the exact reason
for thrombocytopenia is unknown. Vasculitis, increased
peripheral destruction and decreased thrombocyte production
have been considered as potential causes of thrombocytopenia[4,10]. Thrombocytopenia was also present in the two
cases reported here which were remedied by our treatment.
Oliguric and non-oliguric acute renal failure may be
observed in icteric leptospirosis[7], as also seen in our cases.
It was reported that oliguria was a significant predictor of
death in leptospirosis[4]. Urine output was normal in case 1
but case 2 was oliguric. Renal insult was treated with intravenous
fluid replacement and other supportive treatment including
antibiotic and hemodialysis in case 2.
Jaundice occurring in leptospirosis is not commonly
associated with hepatocellular necrosis and impaired liver
function. There are moderate rises in transaminase levels,
and minor elevation of alkaline phosphatase level usually
occurs[3,4]. Hepatic dysfunction occurs but resolves, and it
is rarely the cause of death. The serum bilirubin level is
usually <20 mg/dL but can be as high as 60-80 mg/dL. The
bilirubin level of case 2 was close to this value (48 mg/dL).
In case 1, transaminase levels were very high (more than
2 000 U/dL). The elevation of transaminases that is more
than threefold of the normal value is not usual. Some sporadic
cases with very high transaminase level were reported in
the medical literature[11]. Furthermore, hepatocyte degeneration and liver cell necrosis have been reported in biliary
pancreatitis[12,13]. So, elevated transaminases levels as high
as that in case I may be seen in leptospirotic hepatitis.
Pancreatic and bile tree involvement can be additional factors
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for liver cell necrosis. Acute cholecystitis was pathologically
confirmed and leptospires were seen in bile in case 1. Therefore,
we believe that hepatobiliary and pancreatic involvement
could be possible in this case.
For the diagnosis of acute pancreatitis, a simultaneous
determination of both amylase and lipase is recommended
for the evaluation of patient with abdominal pain. The serum
amylase test is available in nearly all laboratories and at all
hours. Elevation of lipase level with serum amylase is important
for the diagnosis of acute pancreatitis. Elevation of pancreatic
izoamylase level also supports the diagnosis[14]. Hyperamylasemia also can be seen in leptospirosis due to renal
function alterations or other unknown reasons[5,6]. The serum
amylase and lipase levels were elevated more than threefold
of normal level in both cases. Pancreatic izoamylase level
was also elevated at diagnostic level in case 2.
CT scan is a gold standard in diagnosis of acute
pancreatitis, as shown by many authors who use it. This
diagnostic test has 100% specificity and over 90% sensitivity
for this disease [15-17]. We also routinely use CT for both
diagnosis and follow-up of the treatment as in case 2. Because
abdominal CT scan was not available in the emergency
condition in our hospital, we could not use it in case 1. However,
the pathologic findings of acute pancreatitis were clearly
observed at laparotomy in this case. So, there is no diagnostic
dilemma for both of two presented cases.
The treatment of acute pancreatitis in leptospirosis includes
antibiotic treatment against leptospira and supportive treatments
for acute pancreatitis (including intravenous fluid resuscitation
and nutrition). We preferred the nutritional support (parenterally
or enterally but mostly enterally) in severe acute pancreatitis.
This regime was successful in case 2. Case 1 also completely
recovered after d 5 and she could feed orally. We believe that
the reason of mortality was pulmonary embolism in case 1.
In conclusion, pancreatitis may be seen in leptospirosis
infection. Leptospirosis should also be considered in the
differential diagnosis of hyperamylasemia, pancreatitis, and
obstructive jaundice in endemic areas. Early diagnosis and
appropriate treatment is essential for life saving.
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Abstract
AIM: To study the role of P38 kinase in esophageal cancer
cell apoptosis induced by genotoxin, cisplatin and the
unfolded protein response (UPR) inducer, dithiothreitol
(DTT).
METHODS: Esophageal carcinoma cell line Eca109 was
cultured in RPMI 1640 medium to 70% confluency and
treated with either cisplatin, DTT, or cisplatin plus DTT in
the presence or absence of P38 inhibitor, SB203580. The
untreated cells served as the control. The esophageal
carcinoma cell apoptosis was detected by agarose gel
DNA ladder analysis and quantified by flow cytometry.
The P38 phosphorylation was detected by immunohistochemistry using antibodies specific to phosphorylated
P38 protein.
RESULTS: (1) Both cisplatin and DTT induced apoptosis
in the esophageal cancer cell line Eca109 as shown by
DNA ladder formation; (2) As detected by antibodies
specific for the phosphorylated P38 protein (p-P38), both
cisplatin and DTT treatments activated the stress-activated
enzyme, MAP kinase P38. The number of positive cells
was about 50% for the treatment groups, comparing to
that of 10% for untreated group. DTT treatment, but not
cisplatin treatment, induces nuclear localization of p-P38;
(3) As measured by flow cytometry, inhibition of P38 activity
by SB203580 blocks DTT- and cisplatin-induced apoptosis.
The rates for DTT, cisplatin, and DTT plus cisplatin-induced
apoptosis were 16.8%, 17.1%, and 21.4%, respectively.
Addition of the SB compound during the incubation reduced
the apoptotic rate to about 7.6% for all the treatment
groups, suggesting that P38 activation is essential for
cisplatin- and DTT-induced apoptosis in Eca109 cells.
CONCLUSION: (1) Both DTT and cisplatin were able to
induce apoptosis in esophageal cancer cell line Eca109;
(2) P38 MAP kinase is essential for DTT- and cisplatin-

induced apoptosis in Eca109 cells; (3) P38 activation
may be the common signaling component relaying the
multiple upstream signaling events to the downstream
cell death program.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Apoptosis is a programmed cell death stringently controlled
by cell signaling pathways and the expression of pro- and
anti-apoptotic genes. Inactivation of pro-apoptotic genes or
signaling pathways or activation of anti-apoptotic genes or
signaling pathways would compromise the ability of the cell
to undergo apoptosis, thus contributing to the genesis and
development of cancer. Therefore, a thorough understanding
of the signaling events leading to the apoptotic program in
tumor cells may assist in the development of novel strategies
for cancer therapy.
Mitogen-activated protein kinases (MAPK) are members
of a family of serine/threonine protein kinases activated
by dual phosphorylation at threonine 188 and tyrosine 190
positions. They mainly consist of ERK, JNK/SAPK, and
P38. Despite structural similarities, MAPKs play diverse
roles in regulating cell function. The activation of ERK
promotes cell proliferation and survival, while activation
of the stress-activated protein kinases JNK/P38 can mediate
different cell responses ranging from stress-induced cell
apoptosis to various inflammatory responses[1-5]. In different
cells, the activation of P38 kinase is reportedly either
pro-apoptotic or anti-apoptotic[6-10], and is likely to be
determined by the type of stress stimuli and/or the state
of cell proliferation and differentiation. Cisplatin is a
genotoxin that causes nuclear damage and nuclear stress. It
was found that JNK/P38 MAP kinase is activated during
cisplatin-induced apoptosis in human lung and ovarian cancer
cells[11,12], which might play an important role in signaling
cancer cell apoptosis during cisplatin therapy. The unfolded
protein response (UPR) or ER stress response is an ER-based
cell stress response[13-15], which can be triggered by many agents
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such as DTT, tunicamycin, and thapsigargin[16-20]. These agents
induce the UPR by interfering with protein folding in the
endoplasmic reticulum (ER), thus resulting in the build up of
unfolded proteins in the ER. Activation of the UPR triggers
cellular compensatory responses such as slowing down of protein
translation and speeding up the production of molecular
chaperone and, when the rescue efforts fail, it induces cell
apoptosis. Whether the activation of P38 is required for
the UPR-mediated cell apoptosis remains to be elucidated.
Esophageal carcinoma is one of the most common and
debilitating malignancies in China. It was reported that cisplatin
could induce apoptosis in esophageal cancer cells[21]. However,
the role of P38 MAP kinase in cisplatin-induced esophageal
cancer cell apoptosis is unclear. In this study, it was tested
whether P38 kinase is activated in cisplatin-treated esophageal
cancer cells and, if it is, whether the P38 activation is an
essential step for cisplatin-induced apoptosis. And it was
further investigated whether P38 kinase activation is required
for the UPR inducer DTT-induced apoptosis in esophageal
cancer cells. This study may provide new insights into the
role of P38 kinase in esophageal cancer cell apoptosis triggered
by diverse cell stressors.

MA
TERIALS AND METHODS
MATERIALS
Materials
The anti-phosphorylated P38 antibodies were kindly provided
by Dr. Tao Zhu, National University of Singapore.
SB203580, DTT, RPMI 1640, and FBS were from Sigma.
The other reagents were purchased from Beijing Zhongshan
Biotechnology Co., Ltd.
Cell culture
Eca109 cells were provided by our department and
grown in RPMI 1640 medium supplemented with 10%
heat-inactivated fetal calf serum, 100 U/mL penicillin and
100 U/mL streptomycin. All cell cultures were done at
with 5 mL/L CO2 in a humidified incubator.
37
Induction of apoptosis by cisplatin and DTT
Eca109 cells were cultured to 70% confluency in RPMI
1640 medium. The cultures were continued in the RPMI
1640 medium for additional 24 h with or without 10 µg/mL
cisplatin, 2 mmol/L DTT, or 10 µg/mL cisplatin plus
2 mmol/L DTT. For testing the effects of P38 inhibitor
SB203580 on cell apoptosis, cells were pretreated with
10 µg/mL SB203580 for 2 h before switching to cisplatin,
DTT or cisplatin+DTT containing media. Each experimental
condition was set up in flask. The untreated cells were the
control. At the end of the treatment, the cells were collected
from the cell culture flasks and further analyzed either for
cell apoptosis by DNA ladder formation, P38 activation by
immunostaining or cell apoptosis by flow cytometry.
DNA isolation and gel electrophoresis
DNAs for fragmentation analysis were prepared as previously
described [22]. DNA was analyzed for each condition by
1.5% agarose gel electrophoresis in TBE buffer. The gel
was stained with ethidium bromide (0.5% µg/mL) and
visualized under UV light.
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Immunohistochemistry
Cells were harvested from the flasks, washed with cold PBS
and fixed onto glass slides by using 40 g/L paraformaldehyde
solution. p-P38 kinase was detected using anti-phosphorylated
P38 antibody (1:200 dilution), according to the protocol of
Beijing Zhongshan Biotechnology Co., Ltd. Negative control
was provided by the untreated Eca109 cells, without the
incubation with anti-phosphorylated P38 antibody. DAB
staining system was used to demonstrate the amount of
p-P38, which is the activated form of P38. The slides were
counter-stained by Methyl Green dye to visualize the cell
structure. The 100 cells from each condition were scored
based on the immunostaining signal intensity as follows: -:
0, -/+: 0.5, +: 1, ++: 2.
Flow cytometry analysis
The cells were harvested and washed twice with PBS (pH 7.2)
for 24 h, then
and suspended in 80% ethanol at 20
thawed quickly at room temperature and centrifuged to
collect the cells. The cells were washed with PBS twice again
and resuspended in the extraction buffer (0.2 mol/L
Na2HPO4 0.1 mol/L citric acid) for 5 min, and finally resuspended in PBS containing RNAse A (100 µg/mL) and
50 µg/mL propidium iodide for 30 min. The cell cycle
distribution and quantitation of apoptotic cells were
determined by the fluorescence of individual cells measured
by flow cytometry (Beckman-Coulter Epics Altra).
Statistical analysis
Biostatistical analyses were done using SPSS10.0 software
package. The data from immunohistochemistry and flow
cytometry were analyzed by χ2 and Kruskal-Wallis tests.

RESUL
TS
RESULTS
Detection of cisplatin- and DTT-induced apoptosis by DNA
ladder formation in esophageal cancer cell line Eca109
Cisplatin is known to induce cell death via apoptosis in many
cell types, by damaging DNA and disturbing nuclear function.
DTT, on the other hand, is a well-known ER stress inducer
and induces cell apoptosis via UPR. A biochemical hallmark
of apoptosis is the characteristic degradation of the genomic
DNA by cleavage at the internucleosomal sites, generating
a ‘ladder’ of DNA fragments, which can be detected by
agarose gel electrophoresis [23-25]. To determine whether
cisplatin and DTT induce Eca109 cell apoptosis, Eca109
cells were treated with cisplatin, DTT and cisplatin plus
DTT. The total DNA was resolved on agarose gel. DNA
ladders were observed for all three treatment groups, while
only large molecular weight DNA with no obvious ladder
formation was seen for the untreated cells (Figure 1). This
result demonstrates that both cisplatin and DTT were able
to induce apoptosis in esophageal cancer Eca109 cells. In
addition, spontaneous apoptosis of Eca109 cells is minimal
under these experimental conditions.
The DNA samples were analyzed by 1.5% agarose gel
in TBE buffer and visualized by UV-ethidium bromide
method. Lane 1: cisplatin plus DTT; lane 2: DTT; lane 3:
cisplatin; lane 4: untreated cells; lane 5: DNA molecular
weight marker. The DNA bands of 400, 600, 800, and
1 000 bp were clearly seen on lanes 1-3.
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Figure 1 Cisplatin and DTT treatments induce DNA ladder formation in Eca109
cells.

Cisplatin and DTT treatments activate P38 kinase in Eca109
cells
Activation of P38 kinase is achieved via the phosphorylation
of P38 protein by the upstream kinases, which can be
detected by antibodies specifically for the phosphorylated
P38 protein (p-P38). To detect the P38 activation upon cell
stresses, the Eca109 cells were cultured and treated with
cisplatin, DTT, and cisplatin plus DTT for 24 h. The cells
were stained with anti-p-P38 antibodies. The untreated
Eca109 cells without incubation with anti-p-P38 antibodies
were used as negative control. The cells were grouped into
four groups, based on their signal intensity for the
immunostaining. The percentage of cells positively stained
with anti-p-P38 antibodies are summarized in Table 1.
Both cisplatin and DTT treatments markedly increased
the number of the cells positive for p-P38 kinase. About
50% of the treated cells were positive for p-P38, when
compared to that of 10% for the untreated cells. Few
positive cells were observed in negative control (Figure 6).
Moreover, comparing with the untreated group, the level
of the phosphorylated P38 was dramatically increased upon
treatment with cisplatin and DTT (P<0.01). Treatment with
DTT in combination with cisplatin showed only a modest
increase in the number of the positive cells and the level of
p-P38 signal. The difference did not reach statistical
significance (P<0.05).
Interestingly, the subcellular localization of p-P38 kinase
was markedly different between DTT, and cisplatin-treated
cells (Figures 2-5) though both treatments achieved the same
level of P38 activation. The p-P38 was largely localized in
the nucleus for DTT-treated cells, while the distribution of
p-P38 for cisplatin-treated cells was mostly cytoplasmic,
accentuated in the peri-plasma membrane region. Addition
of DTT to the cisplatin treatment resulted in partial nuclear

Table 1 Number of cells positive for p-P38 kinase upon cisplatin and
DTT treatments

±
+
++
Total scores

D

C

26
29
24
21
80.5b

23
31
25
21
82.5b

D+C
15
31
24
30
99.5b

U
69
21
6
4
24.5

D: DTT, C: cisplatin, D+C: DTT + cisplatin, U: untreated. bP<0.01 vs control group.

Figure 2 Activation of P38 kinase in DTT-treated Eca109 cells.

Figure 3 Activation of P38 kinase in cisplatin-treated Eca109 cells.

Figure 4 Activation of P38 kinase in DTT- and cisplatin-treated Eca109 cells.

localization of the p-P38 kinase. The significance of the
different localization of p-P38 by different death inducers
is unclear.
Inhibiting P38 kinase blocks DTT- and cisplatin-induced Eca109
cell apoptosis
To test whether the activation of P38 kinase is required for
DTT- and cisplatin-induced Eca109 cell apoptosis, the P38
kinase inhibitor SB203580 was employed to inhibit P38
kinase activity in DTT- and cisplatin-treated cells. The rate
of apoptosis was determined by flow cytometry analysis.
The data are shown in Figure 6 and summarized in Table 2.
The rates of Eca109 cell apoptosis were 16.8%, 17.1%,
and 21.4% for DTT, cisplatin, and DTT plus cisplatin,
respectively. Consistent with the data of P38 kinase
activation, DTT and cisplatin induced apoptosis to a similar
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Table 2 SB203580 blocks DTT- and cisplatin-induced Eca109 cell apoptosis
D
Number of observed cells
Number of apoptosis cells
Apoptotic rate (%±0.00)

17 925
3 026
16.8a,b,d

Di

C

18 889
1 450
7.6b

18 162
3 110

Ci

D+C

D+Ci

U

19 220
1 504

17 929
3 160

18 260
1 401

18 430
538

17.1b,d

7.8b

21.4b,d

7.6b

2.9

a

D: DTT, Di: DTT-SB203580, C: cisplatin, Ci: cisplatin-SB203580, D+C: DTT+cisplatin, D+Ci: (DTT+cisplatin)-SB203580, U: untreated. P<0.05 vs group treated with
DTT plus cisplatin, bP<0.01 vs control group; dP<0.01 vs corresponding group in the presence of SB203580.

Figure 5 Activation of P38 kinase in untreated Eca109 cells.

Figure 6 Negative control.

extent. The rate of apoptosis for DTT plus cisplatin-treated
cells was moderately higher. Remarkably, SB203580
compound effectively inhibited Eca109 cell apoptosis in
all three treatment groups (P<0.01). These results strongly
suggest that P38 activation is essential for both cisplatinand DTT-induced apoptosis in Eca109 cells. The fact that
both DTT- and cisplatin-induced cell apoptosis requires
P38 activity implies that P38 kinase might be the common
component shared by both stress response pathways
(Figure 7).

1 350

a
a
0

0

0

D

100

200

1 150

0

100

200

Di

1 450

a

Number of cells

DISCUSSION
As a commonly used chemotherapeutic agent, cisplatin
exerts its cytotoxic effect by intrastrand and interstrand
crosslinking of DNA at specific base sequences[26]. Recent
studies have shown that the mechanism of cisplatin-induced
cell death is through apoptosis[21]. It was found that P38
MAP kinase is activated during cisplatin-induced apoptosis
in human lung and ovarian cancer cells, which might play
an important role in signaling cancer cell apoptosis during
cisplatin therapy. However, no reports showed the role of
P38 MAP kinase in cisplatin-induced esophageal cancer
cell apoptosis. Our studies show that cisplatin treatment
strongly activates P38 kinase in esophageal cancer cells.
Moreover, inhibition of P38 activity by the specific inhibitor
SB203580 almost completely blocked cisplatin-induced
apoptosis. Our results and the data reported by others[11,12]
support the notion that P38 activation is a critical step in
cisplatin-induced apoptosis.
The exact position of P38 activation in the chain of
signaling pathways leading to the execution of cell death
program is still undetermined. Previous data suggest that
P38 kinase is involved in histone H3 phosphorylation[27],
nuclear condensation, and cell blebbing[28] during cisplatininduced apoptosis. It is conceivable that the activation of

1 200

a
0

0

0

C

100

200

1 050

0

100

200

Ci

200

D+Ci

1 500

a
a
0

0
D+C 0

100

200

0

100

1 650

a
0
U

0

100

200
Relative content of DNA

Figure 7 The effects of SB203580 on DTT- and cisplatin-induced Eca109 cell
apoptosis – flow cytometry analysis. SB sharply decreased the apoptotic peak
of the group treated with DTT or cisplatin or DTT plus cisplatin. D: DTT, Di: DTTSB203580, C: cisplatin, Ci: cisplatin-SB203580, D+C: DTT+cisplatin, D+Ci:
DTT+cisplatin-SB203580, U: untreated, a: apoptotic peak.
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P38 kinase is an early intermediate event branching out
from the cell stress response pathways but before the
execution of cell death program.
DTT is known to induce the unfolded protein response,
probably by perturbing the ER oxidoreductive potential,
important for disulfide bond formation and protein
folding. Several branches of the UPR can lead to cell death
program[29]. Few studies focus on the effects of DTT on
apoptosis and none of the reports had showed the
relationship between UPR and P38 MAP kinase signaling
pathway. Our data indicate that DTT treatment effectively
triggered Eca109 cell apoptosis with potency comparable
to that of cisplatin. Remarkably, P38 kinase was strongly
activated by DTT treatment. This provides the first link
between the UPR and P38 kinase activation. Furthermore,
inhibition of P38 kinase activity blocks DTT-induced
apoptosis, indicating that P38 activation is an indispensable
intermediate step for the UPR-mediated cell apoptosis. It
was reported previously that Japanese encephalitis virus (JEV)
infection triggers the UPR and apoptosis in fibroblast and
neuronal cells[30]. Japanese encephalitis virus-induced apoptosis
can be partially blocked by P38 kinase inhibitor SB203580.
An intriguing finding was that the subcellular localization
of the activated P38 was markedly different in DTT- and
cisplatin-treated cells. In DTT-treated cells, p-P38 was
mainly seen in the nucleus, while in cisplatin-treated cells,
p-P38 is mostly localized in the cytoplasm. The basis for
this observation remains speculative. One possibility is that
the nuclear perturbation exerted by cisplatin treatment
hinders the p-P38 nuclear entry or retention. Surprisingly,
the different localization of p-P38 does not significantly
affect the apoptotic rate of the treated cells. This might
suggest that p-P38 localization is not essential for p-P38 to
relay its signal to the downstream apoptotic pathways.
Alternatively, the nuclear fraction and cytoplasmic fraction
of the p-P38 might trigger different downstream signaling
pathways, which are able to transduce the signal to cell death
program with similar efficacies. More studies are needed to
address this issue.
The data obtained here raises the possibility that P38
kinase is the common central component relaying multiple
cell stress pathways to the cell death program. If this notion
proved to be true, then it might be possible to develop
anticancer agents, which could specifically activate P38 kinase
along with minimal nonspecific toxicities. This might also
help to formulate newer drug combinations with synergistic
activation of P38 kinase, to achieve better therapeutic
efficacy and lesser side effects. Furthermore, DTT might
be another apoptosis inducer. More studies should be
carried out using different cell lines.
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Abstract
AIM: To investigate the effect and significance of selenium
in early experimental gastric carcinogenesis.
METHODS: Weaning male Wistar rats were divided
randomly into normal control group, experiment control
group, low selenium (2 mg/L) group and high selenium
(4 mg/L) group. Wistar rat gastric carcinogenesis was
induced by N-methyl-N-nitro-N-nitroso guanidine (MNNG)
(20 mg/kg) gavage daily for 10 d. Na2SeO3 was given by
piped drinking 1 wk prior to MNNG gavage. The rats were
killed at the 43rd wk. The surface characteristics of gastric
mucosa were observed with naked eyes. Histopathologic
changes of rat gastric mucosa were observed by HE
staining and AB-PAS methods. The changes of cellular
ultrastructure were observed under transmission electron
microscope. Statistical analysis was carried out by SPSS.
RESULTS: The incidence rate of gastric mucosa erosion,
hemorrhage and intestinal metaplasia was 0, 45.5%,
66.7%, and 92.9%, respectively (92.9% vs 45.5%, P<0.05)
in the normal control group, experiment control group,
low selenium group, and high selenium group. Leiomyoma
formed in the process of inducement of rat gastric
carcinoma. Dietary Na2SeO3 (2 and 4 mg/L) slightly increased
the incidence rate of leiomyoma (0, 23%, 46.6%, and
46.6%). gastric mucosa did not change in the course of
rat gastric carcinogenesis. Dietary Na2SeO3 by pipe drinking
could expand the intracellular secretory canaliculus of
parietal cells and increase the number of endocrine cells
and lysosomes.
CONCLUSION: Dietary Na2SeO3 by pipe drinking aggravates
gastric erosion, hemorrhage and promotes intestinal
metaplasia of gastric mucosa. The mechanism may be
related with the function of parietal cells.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric cancer results from chronic superficial gastritis,
atrophic gastritis, intestinal metaplasia, and heterotypic
hyperplasia. Previous studies showed that selenium (Se)
supplementation or selenium deficiency causes changes in
the cellular ultrastructure[1-4]. Selenium is an essential trace
element in mammals. The results of laboratory investigations
and cohort studies suggest that selenium exhibits a bivalent
effect in cancer, either increasing or decreasing the risk of
cancer[5,6]. We conducted this study to investigate the effect
and significance of selenium in experimental gastric
carcinogenesis.
MA
TERIALS AND METHODS
MATERIALS
Materials
A total of 62 weaned male Wistar rats, weighing 31-56 g,
were purchased from Department of Experimental Animals,
Health Science Center of Peking University. The rats were
housed in wire-bottomed metal cages at controlled
temperature (21-22 ) with a humidity of 30-50%, and in
light-dark cycle. The rats were divided into the normal
control group (group 1) which was given dimethyl sulfoxide
(DMSO)-0.9% NaCl vehicle gavage with drinking normal
tap water, experiment control group (group 2) which was
given N-methyl-N-nitro-N-nitroso guanidine (MNNG),
20 mg/kg (presented by Professor Deng-DJ) gavage with
drinking normal tap water, low selenium (2 mg/L) group
(group 3) which was given MNNG (20 mg/kg) gavage
with drinking water containing 2 mg selenium/L as sodium
selenite before 1 wk administration of MNNG, or at the
beginning of the experiment, and high selenium (4 mg/L)
group (group 4) which was given MNNG (20 mg/kg) gavage
with drinking water containing 4 mg selenium/L as sodium
selenite before 1 wk administration of MNNG (Table 1).
Methods
The rats in groups 2-4 were given MNNG (20 mg/kg)
gavage daily for 10 d, 1 wk after the experiment. MNNG
was dissolved in DMSO at the concentration of 100 g/L
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Table 1 Groups of Wistar rats
Group

Number

Dose of MNNG (mg/kg)

Dose of selenium in water (mg/L)

Normal control
Experimental control

10
22

0
20

0
0

Low selenium
High selenium

15
15

20
20

2
4

and kept in a cool, dark place. The stock solution was
diluted to 1 g/L with 0.9% physiological saline before use.
The rats in normal group were given DMSO-0.9% NaCl
vehicle gavage. Selenium containing water was prepared.
The low and high selenium groups were given selenium
containing water at the beginning of experiment, 1 wk before
administration of MNNG. The experiment rats had free
access to diet and water. The animals were examined and
weighed twice a week.
The animals were killed at the 43rd wk. The rats were
starved for 12 h and anesthetized with 2.5% pentobarbitone
intraperitoneal injection before they were killed. The
stomach and other organs of the rats were carefully examined.
Tissues from the stomach were fixed in 10% neutral
Phosphate-buffered formalin solution and embedded in
paraffin. Serial sections (5-6 µm thick) were obtained from
the stomach and stained with hematoxylin and eosin (HE),
or Alcian blue-Periodic acid-Schiff (AB-PAS). Metaplasia
of gastric mucosa was found as blue or purple blue granules
in gastric mucosa cells after AB-PAS staining. For electron
microscopy, the tissues from stomach were fixed for 2 h at
in 2.5 glutaraldehyde solution in 0.1 mol/L phosphate
4
buffer, postfixed in 1.0% osmium tetroxide in the same
for 1 h, and then embedded in Epoxy resin.
buffer at 4
Ultrathin sections were stained with uranium acetate and
lead acetate according to double stained method. The results
were examined under a JEM-JEOL 100× electron microscope.

/
/
1 wk before MNNG gavage
1 wk before MNNG gavage

but the glandular cavity of fundic gland was slightly larger
in high selenium group than in the other groups. In
experimental control group, a single neoplasm was found
on the surface of serosa breaching the serosa (Figure 1B).
The diameter was about 0.2-1 cm. A similar neoplasm was
also found in low and high selenium groups. The incidence
of neoplasm was slightly higher in these two groups than in
experimental control group. The neoplasm was diagnosed
as leiomyoma by HE staining.

A

B

Figure 1 Erosive mucosa of rat stomach (A) and leiomyoma under
serosa (B).

A

Statistical analysis
The clinicopathological results were statistically analyzed by
SPSS software and χ2 test.

RESUL
TS
RESULTS
Clinicopathological results
The results are shown in Table 2. The stomachs in the normal
control group were smooth on the surface of serosa. Their
inner surfaces clearly presented longitudinal branching folds
and gastric pits. All the surface cells of rat gastric mucosa
in group 1 had violet red granules (Figure 2A). Erosion and
hemorrhage of gastric mucosa were found in 10 of 22 rats
(45.5%) in the experimental control group (Figure 1A).
There were many blue or purple blue granules in the erosive
gastric mucosa of group 2 (Figure 2B). Similar erosive,
hemorrhagic and intestinal metaplasia of gastric mucosa
was found in 10 of 15 rats (66.7%) of low selenium group,
13 of 14 rats (92.9%) of high selenium group. The incidence
rate of intestinal metaplasia was significantly higher in low
and high selenium groups than in experiment control group
(P<0.05). The incidence of intestinal metaplasia was not
significantly different between the high and low selenium
groups. There were no significant changes by HE staining,

Time of selenium given

B

Figure 2 Normal mucosa (A) and erosive mucosa (B) of rat stomach,
AB-PAS, ×200.

Table 2 Results of pathologic diagnosis
Number of rats

Incidence rate of
leiomyoma (%)

Incidence rate of
intestinal metaplasia
(%)

Normal control

10

0

0

Experimental control

22

23

45.5

Low selenium

15

46.6

66.7a

High selenium

14

42.8

92.9a

a

P<0.05 vs experiment control group.
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Ultrastructural changes of gastric mucosa
In normal control group, the most distinctive feature in the
ultrastructure of gastric mucosa was the presence of a deep
invagination of the apical membrane forming a secretory
canaliculus. The membrane lining the canaliculus had
numerous microvilli projecting into its lumen. About 40%
of the cytoplasmic volume was occupied by large
mitochondria (Figure 3). Fewer endocrine cells were found
in the normal gastric mucosa. Pinosomes distributed in the
capillary endothelium of normal control group were large
in diameter. Compared to normal control group, the secretory
canaliculi in parietal cells were scarce, microvilli projecting
into canaliculus lumen were sparse, the pinosomes were more
in number and smaller in diameter than in experimental control
group. Compared to the normal and experimental control
groups, the following characteristics were observed in
selenium supplement group: (1) the secretory canaliculus
expanded and the microvilli projecting into canaliculus were
scarce (Figure 4); (2) endocrine cells scattered in gastric
mucosa contained granules with a different diameter and
high electron density, there were a few secondary lysosomes
in cytoplasm of some endocrine cells (Figure 5); (3) more
eosinophils were found in the erosive gastric mucosa (Figure 6);
(4) the chief cells had abundant rough endoplasmic
reticulum, mitochondria were more in number and larger
in volume; (5) the pinosomes in capillary endothelium were
slightly less. These characteristics were significant in high
selenium group.

Figure 3 Intracellular secretory canaliculi of parietal cells in normal control
group, TEM 5.8×103.

Figure 4 Expansion of intracellular secretory canaliculi of parietal cells in high
selenium group, TEM 5.8×103.
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Figure 5 Endocrine cells and secondary lysosomes in high selenium group,
TEM 10×103.

Figure 6 Infiltration of eosinophils in gastric mucosa of high selenium group,
TEM 10×103.

DISCUSSION
Selenium, a constituent of antioxidant enzyme, has been
proposed as a chemopreventive agent for many kinds of
cancer[7-10]. Selenium supplement to diet or drinking water
can prevent tumorigenesis and decrease the incidence rate
of cancer[11-14]. The effect of selenium on carcinoma is still
controversial[5,6]. It was reported that selenium promotes
carcinogenesis and tumor development[15]. Gastric cancer
is the second most frequent cause of cancer death in the
world and the leading cause of cancer death in China. Studies
have been focused on randomized nutritional intervention
trial to prevent gastric cancer[16-20] and epidemiology in serum
selenium concentrations and esophageal and gastric
cancer[21]. Wu et al.[22], reported that gastric cancer tissues
have significantly higher concentrations of Fe, K, Mg, Na,
Rb, Se, and Zn than normal gastric mucosal tissues. At
present, the information on the effect of selenium in early
experimental gastric carcinogenesis is scarcely available. This
experiment was conducted to investigate the effect and
significance of selenium on experimental gastric carcinogenesis
by morphologic methods. The findings in this study showed
that 2.0 and 4.0 g/L selenium in drinking water for 43 wk
aggravated gastric mucosa erosion and hemorrhage and
promoted intestinal metaplasia of gastric mucosa. Because
gastric cancer results from chronic superficial gastritis,
atrophic gastritis, intestinal metaplasia, heterotypic hyperplasia,
supplement of selenium as sodium selenite does not decrease
the risk of gastric cancer induced by MNNG. Furthermore,
leiomyoma formed in the process of gastric carcinogenesis
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induced by MNNG. Dietary Na 2SeO 3 (2 and 4 mg/L)
increased the incidence of leiomyoma. Since the general
dose of selenium is 0.5-6 g/mL (or /g)[23] supplemented to
diet and drinking water, the selenium dose in this study did
not reach the toxic limits. Consequently the effects of
sodium selenite maybe related to the kind of selenium, type
of cancer, and different carcinogens.
Selenite induces oxidation and cross-linking of protein
thiol groups, mitochondrial permeability transition, decrease
in mitochondrial membrane potential, and release of
cytochrome C in mitochondria isolated from rat liver,
thus possibly inducing tumor cell apoptosis[1]. Zhong and
Oberley [2] reported that oxidative stress is induced by
sodium selenite at high concentrations, but outcomes are
different. After acute exposure to selenite, cells display
mitochondrial injury and cell death. After chronic exposure
to selenite, cells show growth inhibition due to cell cycle
arrest, increase the number of mitochondria and the levels
of mitochondrial enzymes. Lysosomes in the liver and
kidneys of selenium-deficient rats are enlarged and contain
electron-dense areas[3]. Demirel-Yilmaz et al.[4], reported
that low or high doses of sodium selenite and vitamin E in
diet can alter the microvascular permeability of different
organs. Our findings in this study indicate that selenium
supplement can lead to the expansion of secretory canaliculus,
increase in the number of endocrine cells in gastric mucosa,
alterations in the mitochondria and changes in the number
and shape of pinosomes. Furthermore, our results also indicate
that selenium supplement as sodium selenite can alter the
ultrastructure of gastric mucosa. Though we did not find gastric
cancer and gastric precancerosis, the results indicate that
selenium supplement cannot prevent gastric carcinogenesis
in early period of MNNG-induced gastric cancer. These
mechanisms should be studied by future experiments.
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Abstract
AIM: To explore the growth inhibition and apoptosisinducing effect of apigenin on human gastric carcinoma
SGC-7901 cells.
METHODS: The effects of apigenin on the growth, clone
formation and proliferation of human gastric carcinoma
SGC-7901 cells were observed by MTT, clone-forming assay,
and morphological observation. Fluorescent staining and flow
cytometry analysis were used to detect apoptosis of cells.
RESULTS: Apigenin obviously inhibited the growth, clone
formation and proliferation of SGC-7901 cells in a dosedependent manner. Inhibition of growth was observed
on d 1 at the concentration of 80 µmol/L, while after 4 d,
the inhibition rate (IR) was 90%. The growth IRs at the
concentration of 20, 40, and 80 µmol/L were 38%, 71%,
and 99% respectively on the 7th d. After the cells were treated
with apigenin for 48 h, the number of clone-forming in control,
20, 40, and 80 µmol/L groups was 217±16.9, 170±11.1
(P<0.05), 98±11.1 (P<0.05), and 25±3.5 (P<0.05)
respectively. Typical morphological changes of apoptosis
was found by fluorescent staining. The cell nuclei had lost
its smooth boundaries, chromatin was condensed, and
cell nuclei were broken. Flow cytometry detected typical
apoptosis peak. After the cells were treated with apigenin
for 48 h, the apoptosis rates were 5.76%, 19.17%, and
29.30% respectively in 20, 40, and 80 µmol/L groups.
CONCLUSION: Apigenin shows obvious inhibition on the
growth and clone formation of SGC-7901 cells by inducing
apoptosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Apigenin (4’, 5, 7-trihydroxyflavone), a phytopolyphenol, is
widely distributed in vegetables and fruits such as celery,
onion, apple, orange, etc. Recent studies have shown that
apigenin exhibits anti-proliferation effects on several forms
of cancer cells such as prostate cancer cells[1], breast cancer
cells[2], leukemia cells[3], colon cancer cells[4-6], and enhances
gap junctional intracellular communication changes in human
liver cells[7] and induces morphological changes in some cells[8,9].
In addition, apigenin can suppress tumor-promoting effects
of ultraviolet radiation on mouse skin[10]. Compared with
other flavonoid substances, apigenin is characterized by low
toxicity and non-mutagenesis [11]. Besides, it has other
bioactivities such as anti-inflammatory[12] and anti-oxide[13]
effects. Apigenin is a promising cancer inhibitor that may
provide a new approach for the treatment of human cancers.
In this article, we report the anti-proliferation effect and
apoptosis-inducing effect of apigenin on human gastric
carcinoma SGC-7901 cells.
MA
TERIALS AND METHODS
MATERIALS
Chemicals
Apigenin (95% purity), 3-[4,5-dimethylthiazol-2-yl]-2,5diphenyl tetrazolium bromide (MTT) and 4’,6-diamidine2’-phenylindole-dihydrochloride (DAPI) were purchased
from Sigma Chemical Co. (St. Louis, MO, USA). RPMI
1640 medium, ethylene diaminetetraacetic acid (EDTA),
N’-2-hydroxyethyl piperazine-N’-ethane sulfonic acid were
obtained from Gibco Chemical Co. (Rockville, MD, USA).
Cell culture and apigenin treatment
Human gastric cancer SGC-7901 cells, obtained from
Cancer Research Institute of Beijing (China), were grown
as a monolayer in RPMI 1640 medium containing 1%
penicillin/streptomycin, and 0.2% gentamicin sulfate
supplemented with 100 mL/L fetal bovine serum (FBS) at
37 in a 50 mL/L CO2 humidified atmosphere. Apigenin
was dissolved in dimethyl sulfoxide (DMSO) and mixed
with a fresh medium to achieve the desired concentration.
The final DMSO concentration in all media was 0.2%. This
concentration of DMSO did not alter cell growth and cell
cycle measurement when compared with the vehicle-free
medium.
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Cell growth assay
The effect of apigenin on the viability of cells was determined
by MTT assay. Near-confluent stock cultures of cells were
harvested with 0.2% EDTA and plated at a density of
2.5×103/well in 96-well microtiter plates. After an overnight
incubation to allow cell attachment, the medium was replaced
by fresh medium containing different concentrations (0,
20, 40, and 80 µmol/L) of apigenin. Control wells received
DMSO (0.2%). Each concentration of apigenin was
repeated in four wells. After incubation for 24 h, one plate
was assayed with a microplate reader at the wavelength of
570 nm. Before the assay, MTT (5 mg/mL in PBS) was
added to each well and incubated for 4 h, then MTT solution
was removed from the wells by aspiration. After careful
removal of the medium, 0.1 mL of DMSO was added to
each well, and the plate was shaken for 15 min. The data
of 7 d were fed into the computer and the growth curve
was drawn. The growth inhibition rate (IR) was calculated
according to the following formula.

Flow cytometry analysis
The cells (70% confluent) were treated with apigenin (40
and 80 µmol/L) for 48 h, then harvested with EDTA,
washed twice with PBS, and centrifuged. The pellet was
resuspended in 70% cold ethanol for 24 h at 4 . The
cells were centrifuged at 110 r/min for 5 min, washed twice
with PBS, suspended with 200 µL RNase A (20 µg/mL
for 30 min.
final concentration) and incubated at 37
The cells were chilled over ice for 10 min and stained with
800 µL propidium iodide (50 µg/mL final concentration)
for 1 h and analyzed by flow cytometry.

absorbance of vehicle
control-absorbance of
apigenin treatment group
Clone efficiency =

×100%
absorbance of vehicle
control group

Clone formation assay
The cells were plated at a density of 500/well on 24-well
microtiter plates. After an overnight incubation to allow
cell attachment, the medium was replaced by fresh medium
containing DMSO (0.2%) at different concentrations
(20, 40, and 80 µmol/L) of apigenin, with each concentration
repeated in five wells. After being incubated for 24 or 48 h,
the medium was replaced by fresh medium containing 10%
FBS. The cells were incubated for another 7 d, then washed
thrice with PBS and fixed in methanol for 15 min. The cells
were stained with Giemsa stain. Then the number of cloneforming cells (>50 cells) was calculated under the microscope.
The data were expressed as mean±SD. Clone-formation
rate was calculated as follows:

Statistical analysis
All data were expressed as mean±SD and analyzed with
SAS statistic software. P<0.05 was considered statistically
significant.

RESUL
TS
RESULTS
Growth curve and growth inhibition rate of SGC-7901 cells
treated with apigenin
Apigenin inhibits the cell proliferation. Previous studies
have proved that apigenin can inhibit the growth of several
kinds of cancer cells. In our study, we examined whether
apigenin exerted a similar anti-proliferative effect on human
gastric cancer SGC-7901 cells. As shown in Figure 1, the
cells in control group entered the logarithmic growth phase
on the 1st d after they were plated and reached their peak
on the 6th d. While in the treatment groups, the growth of

average clone number
of five wells
Clone efficiency =

×100%
number of plating cells
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Figure 1 Inhibition effect of apigenin on growth curve (A) and growth IR (B) in
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Cell morphological change
The cells were harvested with 0.2% EDTA and plated in
25-mL culture bottles at the density of 1×105. After an
overnight incubation to allow cell attachment, the medium
was replaced by fresh medium containing DMSO (0.2%)
at different concentrations (20, 40, and 80 µmol/L) of
apigenin. Morphological change of the cells was observed
microscopically and photographed at 24 and 48 h after the
addition of apigenin.
Besides, the cells were exposed to various concentrations
of apigenin (20, 40, and 80 µmol/L) for 48 h, then harvested
with EDTA and washed twice with PBS. The cells were
stained with 2 mg/L DAPI ethanol solution and incubated
for 15 min. Morphological changes of the stained
at 37
cells were observed under fluorescent microscope (300500 nm) and photographed.

20 µmol/L

B
Inhibition rate %
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cells was inhibited in a dose- and time-dependent manner.
Inhibition of growth was evident on d 1 at the concentration
of 80 µmol/L, after 4 d the IR was 90%. The growth IR
of 20, 40, and 80 µmol/L of apigenin was 38%, 71%, and
99% respectively on the 7th d.
Effect of apigenin on clone formation of SGC-7901 cells
As shown in Figure 2, after exposure to apigenin for 24 or
48 h, the clone formation of SGC-7901 cells was suppressed
in a dose- and time-dependent manner. The cloning
efficiency in 80 µmol/L was 9.8% and 5% after treatment
with apigenin for 24 and 48 h, while in the control group it
was 40.4% and 43.4% (Table 1).

Table 1 Effect of apigenin on clone formation in SGC-7901 cells
(n = 5, mean±SD)
Groups
(µmol/L)

Number of clone-forming cells

Cloning efficiency (%)

24 h

48 h

24 h

48 h

Control
20

202±12.1
192±10.5

217±16.9
170±11.1a

40.4
38.4

43.4
34.0

40
80

147±11.3a
49±6.7a

98±11.1a
25±3.5a

29.4
9.8

19.6
5.0
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In the vehicle control group, DMSO (0.2%) did not induce
any marked morphological change in the cells. In the DMSO
group, the cells were transparent and in the great density,
the boundaries of the cells were dim, the nucleolus was
very clear. While in the treatment group, there was a
significant decrease in quantity and transparency of the cells,
the cells crimpled and the boundaries became clear, the
nucleolus could not be observed clearly.
After being stained with DAPI, the cells were visualized
under blue fluorescence. In the control group, the nuclei
were almost round in shape with clear and smooth
boundaries, the staining was equal. After treatment with
apigenin for 48 h, the nuclei of cells were broken and the
staining was unequal. The chromatins of cells were
condensed, and the nuclei lost their smooth boundaries.
Result of flow cytometry analysis
During apoptosis, the DNA is broken into small fragments
and released from cells. In this experiment, apoptosis was
induced by apigenin. Flow cytometry analysis results are
shown in Figure 4. Apigenin (20, 40, and 80 mmol/L)
treatment for 48 h induced a significant apoptosis and
accumulation of cells in S phase. The apoptosis rates were
5.76%, 19.17%, and 29.30%, respectively.

a

P<0.05 vs control group.

Morphological changes of SGC-7901 cells
Figure 3 shows the morphological changes of SGC-7901
cells treated for 48 h with 80 µmol/L apigenin or vehicle.

A

Figure 2 Morphological changes in SGC-7901 cells after treated with vehicle

A

Figure 3 Morphological changes of SGC-7901 cells after being treated with

DISCUSSION
The pathogenesis of cancer is a multi-phase process. Inherited
and environmental factors play an important role in the
occurrence of cancer. Gastric cancer is one of the most

B

(A) and apigenin (B) for 48 h (×200).

B

DMSO (A) and apigenin (B) for 48 h (×400).
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Figure 4 FACS analysis of cells treated with DMSO (A), 20 µmol/L apigenin

common malignant tumors in China. Some bioactive substances
such as polyphonic and isoflavone exist mainly in plantbased food (fruits and vegetables). Apigenin, one of the
most common flavonoids, is widely distributed in many fruits
and vegetables. Studies[14] have proved that apigenin has
strong anti-cancer effects.
In our experiment, we used MTT and clone-forming
assay to detect the growth inhibition effect of apigenin on
human gastric SGC-7901 cells. The results showed that
apigenin dramatically suppressed the growth and clone
formation of the cells in a dose- and time-dependent manner.
After treatment of cells with 80 µmol/L apigenin for 4 d,
the growth IR was above 90% and other concentrations of
apigenin also suppressed cell growth to different degrees.
Clone formation reflects the proliferative ability of tumor
stem cells, which is the important target of anticancer
treatment. Inhibition of stem cells is more effective than
that of common carcinoma cells during the treatment of
cancer. With fluorescence microscope, we observed typical
morphological changes such as the disintegrity of nuclear
membrane, condensation of chromatin and broken nuclei.
FACS analysis detected special apoptosis peak, which further
supports the results in fluorescence morphological observation.
In conclusion, apigenin can suppress the growth of
human gastric cancer SGC-7901 cells, which is associated
with its apoptosis-inducing effect.
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Abstract
AIM: To evaluate the outcome of transarterial chemoembolization (TACE) in patients with unresectable hepatocellular
carcinoma (HCC) <5 cm in diameter eligible for radiofrequency
ablation (RFA).
METHODS: The treatment-related mortality, morbidity,
long-term survival, and prognostic factors of HCC patients
who had TACE and fulfilled the present inclusion criteria
for RFA were evaluated.
RESULTS: Of the 748 patients treated with TACE between
January 1990 and December 2002, 114 patients were also
eligible for RFA. The treatment-related mortality and morbidity
were 1% and 19%, respectively. Survival at 1, 3, and
5 years was 80%, 43%, and 23%, respectively. Older
age and a high albumin level were associated with a better
survival, whereas a high α-fetoprotein level (AFP) and the
size of the largest tumor >3 cm in diameter were adverse
prognostic factors in multivariate analysis.
CONCLUSION: The morbidity, mortality, and survival data
after TACE for small HCCs eligible for RFA are comparable
to those reported after RFA in the literature. Our data
suggest the need for a randomized comparison of the
two treatment modalities for small HCCs.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common human cancers with poor prognosis if left
untreated, and only a small proportion is eligible for
intentional curative surgical resection [1,2]. Transarterial
chemoembolization (TACE) has been used as a palliative
treatment for patients with inoperable disease and those
with recurrence after resection. TACE is also used as a
(neo-)adjuvant treatment before or after surgical resection,
and before liver transplantation[3-6]. Hence, TACE is one of
the most frequently performed treatment modalities for HCC.
However, this treatment is still controversial and unsupported
by evidence of early randomized controlled trials[7-9]. Renewed
interest in this form of treatment that has emerged as evidence
from recent randomized trials is in favor of this treatment[10,11].
A systematic review has convincingly shown a significant
survival benefit for treatment with chemoembolization
compared to no treatment[12]. Moreover, in some patients,
TACE has even shown a similar survival compared to certain
patients who underwent hepatic resection[13].
Local ablative, either open or percutaneous, techniques
are considered alternatives for hepatic resection, if HCC is
located either bilobar or multifocal rendering the disease
unresectable, or if the patient has poor liver function reserve.
Radiofrequency ablation (RFA) for HCC is a relatively new
and popular local ablative technique. However, the lack of
sufficient long-term follow-up data to support the treatment
is well recognized. Strict criteria for RFA have not yet been
clearly defined, but in general RFA is considered suitable if
there are less than four lesions and the largest lesion is 5 cm
or less in diameter[4,14,15]. RFA may not be suitable for tumors
with portal vein, hepatic vein or vena cava involvement
and in patients with severe cirrhosis[16,17]. Given these criteria
and the reported promising results of RFA, some patients
who might have been given TACE treatment prior to the
advent of RFA may now be treated with RFA as the preferred
alternative. However, TACE is a better documented treatment
that is still used in many centers for HCC even if the tumor
is eligible for RFA. Currently there are no studies in the
literature directly comparing the results of the two treatment
modalities. Such comparative studies may not be available
in the near future because in most centers, RFA has been
employed for a short duration with no long-term follow-up
data, and not many centers have abundant experience in
both treatment modalities. The results of TACE treatment
for unresectable HCCs <5 cm in diameter eligible for RFA
are also unknown because previous studies on TACE for
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HCC usually included a heterogeneous group of patients,
including those with large tumors and vascular invasion.
This study that applied the currently accepted RFA
inclusion criteria to our vast experience with TACE in patients
with HCC reports the outcome of these patients and the
factors associated with poor prognosis of TACE treatment
in this particular group.

MA
TERIALS AND METHODS
MATERIALS
A prospective database, which contained the data of all
patients with surgical and non-surgical treatments for HCC
at the Department of Surgery, Queen Mary Hospital, Hong
Kong, was used. All patients with newly diagnosed HCC
who had TACE as their initial treatment between January
1990 and December 2002 and had HCC with their largest
nodule being <5 cm in diameter were identified and
retrospectively analyzed. Other criteria included the number
of tumor nodules less than four, absence of severe cirrhosis
reflected by a Child’s C grading, and absence of portal vein
(intrahepatic or main trunk), hepatic vein or inferior vena
cava involvement.
Patients who had a diagnosis of HCC, confirmed either
by biopsy or needle cytology, by two diagnostic imaging
modalities (contrast computed tomography (CT) scan,
magnetic resonance imaging or arteriography) showed typical
HCC nodules with arterial hypervascularization or one
diagnostic a persistently raised serum α-fetoprotein level
(AFP) >400 ng/mL according to the Barcelona-2000 EASL
conference criteria[18]. We selected patients for TACE treatment
if they had inoperable bilobar disease or unilobar disease in
combination with sufficient hepatic function reflected by
a bilirubin level <50 µmol/L and no metastatic disease.
Our technique of TACE has been described elsewhere[19,20]. Superselective cannulation of the artery supplying
the tumor was performed whenever possible. An emulsion
of cisplatin (1 mg/mL) and lipiodol (Lipiodol Ultrafluide;
Laboratoire Guerbet, Aulnay-Sous-Bois, France) at a volume
ratio of 1:1 was injected up to a maximum of 60 mL.
Embolization was performed with 1-mm 2 particles of
gelatin-sponge (Spongostan, Johnson and Johnson Ltd,
Skipton, UK) mixed with 40 mg of gentamycin. Repetition
of TACE treatment was tailored to response of tumor and
tolerance of liver rather than a fixed regimen. TACE was
repeated every 8-12 wk if there was tumor response ( 50%
decrease in tumor size according to World Health Organization
criteria) or if the tumor was static in size (<50% decrease
or <25% increase in tumor size). Treatment of TACE was
terminated if there was no evidence of tumor on reassessment
CT (i.e. complete response), disease progression ( 25%
increase in tumor size or appearance of new lesions),
evidence of liver failure (rise of bilirubin >50 µmol/L,
uncontrollable ascites or hepatic encephalopathy), severe
life-threatening complications such as liver abscess, or
extrahepatic metastasis.
Patient demographics, laboratory data, and tumor
characteristics were used for analysis. The Child-Pugh
classification (A or B) was used to categorize the patients
according to their status of liver cirrhosis and the new TNM
classification according to the American Joint Committee
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on Cancer (AJCC)[21] was used for staging.
Continuous, normally distributed data were expressed
as mean±SD, and other continuous data were expressed as
medians with their interquartile range. Survival was analyzed
by Kaplan-Meier survival curves. Prognostic variables for
recurrence and survival were studied with univariate and
multivariate Cox proportional hazards regression. Variables
were categorized according to their quartile distribution
wherever possible. This regression yields a hazard ratio, which
may be interpreted as a relative risk within the average followup period. We used sex, age, laboratory data (bilirubin,
albumin, AFP, platelet count) and tumor characteristics
(bilobar disease, size of largest tumor, number of tumors,
TNM stage) in a univariate Cox proportional hazard analysis.
Next, variables for which univariate test had a P value less
than 0.25 and biologically important variables (sex and age)
were included in a multivariate analysis with survival as the
outcome [22]. For model building, we applied backward
stepwise elimination of variables. All reported P values were
two-tailed. P<0.05 was considered statistically significant.

RESUL
TS
RESULTS
In the period between January 1990 and December 2002,
a total of 2 850 patients were seen at our outpatient clinic
for HCC and included in our database. Of these, 748 patients
with newly diagnosed HCC underwent TACE as their initial
treatment, and 200 patients had the largest tumor nodule
<5 cm in diameter. This group included 15 patients who
were considered unresectable during laparotomy and
subsequently given TACE as the primary treatment. Patients
who had more than three nodules (n = 60) subsequently
undergoing hepatic resection (n = 14), and those who had
portal vein (intrahepatic or main portal vein, n = 2) were
excluded from this study. There were no patients with hepatic
vein or inferior vena cava involvement. Of the remaining
124 patients, another 5 patients were excluded because of
Child’s C cirrhosis and an additional 5 patients did not fulfill
the criteria of HCC diagnosis used in this study. Hence,
this study involved 114 patients and all analyses were
performed in this group of patients.
The diagnosis of 17 patients was confirmed by either
histology (n = 2) or cytology (n = 15). In 93 patients,
confirmation of HCC was done by CT and hepatic
arteriogram, in 2 patients by magnetic resonance imaging
and hepatic arteriogram, and in the remaining 2 patients by
an ultrasound of the liver and a consistently increased AFP
combined with a hepatic arteriogram.
Patient characteristics are shown in Table 1. One patient
died as a direct result of TACE treatment, the treatmentrelated mortality was 1%. This patient had four previous
TACE sessions and developed both a liver abscess and
deterioration of liver function after his 5th TACE treatment.
He subsequently developed sepsis and pneumonia and died
of respiratory failure. The overall treatment morbidity was
18%, the patient who died had two complications. Other
complications as a result of TACE were hematoma at the
puncture site in the groin (n = 1, 1%) and liver failure, defined
as elevated bilirubin >50 µmol/L, development of uncontrolled
ascites or hepatic encephalopathy (n = 20, 17%).
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Table 1 Characteristics of 114 patients eligible for RFA but received TACE treatment
Characteristics

Median

Interquartile range

63
87/27

55-71
76/24

Age (yr)
Gender: male/female (n)
Child’s grading (n, %)
A

90

79

B
HBsAg status (n, %)

24

21

Positive
Negative

82
32

71
28

TNM stage (n, %)
Stage I

72

63

39
1

34
1

2
1

2
1-2

76
32

67
28

6
3.0

5
2.1-4.0

Stage II
Stage IIIA
Stage IIIC
Number of tumor nodules (n, %)
1
2
3
Size of largest tumor nodule (cm)
Tumor distribution (n, %)
Unilobar

88

77

Bilobar
Platelet count (×109/L)

26
98

23
72-128

Albumin (g/L)
Total bilirubin (µmol/L)

37
17

33-41
12-24

13.2
1.1

11.9-14.6
1.0-1.2

Prothrombin time (s)
INR
AFP (ng/mL)
Number of TACE procedures

80
5

15-373
3-8

Table 2 Causes of death in 74 patients after TACE treatment
Causes

n

%

Malignant cachexia
Bleeding
Hepatic failure
Respiratory failure
Multiorgan failure
Sepsis
Other
Total (n)

45
3
9
1
2
4
10
74

61
4
12
1
3
5
14

TACE: transarterial chemoembolization.

Proportion of patients allve

TACE: transarterial chemoembolization; HBsAg: hepatitis B surface antigen; INR: international normalized ratio; values are median with their interquartile range, unless
denoted otherwise.

1.0

Survival of patients after TACE

0.8
0.6
0.4
0.2
0.0
0 20 40 60 80 100 120 140 160
After first TACE treatment (mo)

Figure 1 Kaplan-Meier curve for survival of patients undergoing TACE as
treatment.

Seventy-four patients died during our observation period
and the reasons for their death are given in Table 2. One
patient was lost to follow-up (1%). The 1-, 3-, and 5-year
survival rates were 80%, 43%, and 23% respectively (Figure 1).
The median survival was 31 months (95%CI: 24-38 mo).
Univariate and multivariate analyses are shown in
Tables 3 and 4, respectively. Higher age and a high albumin
level (above 41 g/L) were associated with a better survival
whereas AFP (above 81.50 ng/mL) and the size of the
largest tumor >3 cm in diameter were the risk factors for
death in the multivariate analysis.

DISCUSSION
We evaluated the morbidity, mortality and long-term
survival, and identified several independent risk factors for

death in patients who underwent TACE treatment with
patient and tumor characteristics that fulfilled all our present
criteria for RFA treatment. Although there are numerous
reports on the results of TACE for inoperable HCC, many
included patients with large or advanced HCC with vascular
invasion for which the outcome is expectedly worse[3,5,6,19].
Such reports may give the impression that results after
TACE are worse than those after RFA, because most studies
of RFA on HCCs focused on small HCCs and hence reported
more favorable results. To our knowledge, the survival and
prognostic factors in this specific group of patients with
HCC who were eligible for RFA but underwent TACE
treatment have not been reported before. As many patients
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Table 3 Univariate analysis for prognostic factors of death
Variable

Hazard ratio

95%CI

P

1.01
0.91

0.99-1.03
0.51-1.63

0.347
0.747

11.75-17.00
17.00-24.00

1.16
1.67

0.62-2.17
0.88-3.18

0.648
0.116

24.00-83.00
Albumin (g/L)1

1.66

0.85-3.25

0.140

24-33
33-37

0.72

0.38-1.37

0.310

37-41
41-50

0.92
0.40

0.50-1.69
0.20-0.81

0.786
0.011

1.42
2.30

0.71-2.86
1.16-4.57

0.320
0.017

1.99

1.03-3.83

0.041

36-72
72-99

1.00

0.54-1.85

0.992

99-128
128-295

1.26
0.81

0.66-2.39
0.42-1.59

0.486
0.539

Bilobar disease
Largest tumor >3 cm

1.06
1.40

0.62-1.80
0.87-2.24

0.841
0.163

Child’s B grade2
AJCC TNM stage3

1.67

0.97-2.88

0.065

Stage I
Stage II

1.08

0.67-1.73

0.763

Stage IIIA
Stage IIIC

0.00
1.73

0.00->100
0.24-12.65

0.971
0.591

Age (per yr)
Female sex
Bilirubin (µmol/L)1
5.00-11.75

AFP (ng/mL)1
2-14.75
14.75-81.50
81.50-366
366-11 470
Platelet count (×109/L)1

CI: confidence interval; AJCC: American Joint Committee on Cancer. 1Hazard ratio of bilirubin, albumin, AFP, and platelet count is given relative to the lowest quartile.
2
Hazard ratio of Child’s B grade is given relative to Child’s A grade. 3Hazard ratio of AJCC TNM stage is given relative to stage I.

Table 4 Multivariate analysis for prognostic factors of death
Variable

Hazard ratio

95%CI

P

0.98

0.95-1.00

0.044

0.83
1.14

0.42-1.63
0.61-2.13

0.586
0.685

0.21

0.09-0.49

<0.0005

2-14.75
14.75-81.50

1.57

0.77-3.17

0.209

81.50-366
366-11 470

4.61
3.72

2.13-9.98
1.77-7.85

<0.0005
0.001

1.64

1.00–2.69

0.049

Age (per yr)
Albumin (g/L)1
24-33
33-37
37-41
41-50
AFP (ng/mL)1

Largest tumor >3 cm2

CI: confidence interval. 1Hazard ratio of albumin and AFP is given relative to the lowest quartile. 2Hazard ratio is given relative to the size of the largest tumor smaller
than 3 cm in diameter.

who were considered to have unresectable HCC <5 cm in
diameter received TACE treatment before the RFA era,
this knowledge may be of specific interest to those who are
rethinking the concept of TACE and RFA and wish to refine
their indications for both TACE and RFA treatments. With
the availability of RFA, patients with small HCCs <5 cm in
diameter previously treated by TACE are now treated by
RFA instead as the preferred treatment in some centers,
although there is no direct evidence to show that RFA is
superior to TACE in terms of treatment safety and long-

term survival benefit. The exact place of local ablative
techniques and TACE in the overall management of HCC
still needs to be determined. Offering a strict order of
treatment options to the patient, i.e. first hepatic resection,
then local ablative techniques and then TACE, may not be
fully justified. Indeed, percutaneous ethanol injection appears
to acquire similar results as resection for small HCC in
terms of treatment efficacy, recurrence, and survival rates[23].
In addition, Bronowicki et al.[24], found similar survival after
surgery and TACE, while the patients who underwent surgery
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were younger and had a better staging, and, just recently,
TACE has been shown to be as effective as hepatic resection
in certain patients[13]. Moreover, evidence from randomized
controlled trials comparing even two local ablative
techniques is hardly available, not to mention trials comparing
two different treatment modalities such as TACE and RFA.
Therefore, one must be careful not to jump to conclusions[25].
In patients who do not want surgery, which is still necessary
in a large proportion of cases for RFA because of tumor
location at the superior portion of the liver or close to the
adjacent viscera[26], TACE is still one of the best options.
Furthermore, some centers may not have the availability
and/or equal expertise of all treatment options and may
stick to the use of TACE as the preferred treatment for all
unresectable HCC.
Given the potentially curative intent of RFA, many
clinicians consider RFA as the treatment of choice for
unresectable small HCC, although long-term survival
results of RFA are scarce[27]. In addition, complications and
treatment mortality after RFA are generally expected to be
fewer than those after TACE, and RFA may result in less
deterioration of liver function. The treatment mortality in
this study (1%), however, appears comparable to that of
RFA[28]. A recent literature review suggests that the treatment
morbidity of RFA in the early reports is probably underestimated[28]. The treatment morbidity of TACE for small
HCC in this study was 18%, which is comparable to the
complication rates of 13-20% after RFA for HCC reported
in some of the more recent studies[28,29]. The complication
rate is 14% in our preliminary experience with RFA in 86
patients with HCC between May 2001 and December 2002[30].
The 1-year survival rate of the HCC patients treated by
TACE in the current study was 80%, which is comparable
to the 1-year survival observed after RFA for HCC in our
preliminary experience[30]. The 3-year survival rate of 43%
is also comparable with that of 33-50% in recent reports
of more long-term survival results of RFA for HCC[31,32].
In this study, the 5-year survival after TACE for HCCs
<5 cm in diameter that were eligible for RFA was 23%.
Data on 5-year survival rate after RFA for HCC are scarce.
In a recent study, Buscarini et al.[33], reported a 5-year survival
rate of 33% after RFA for HCCs 3.5 cm in diameter,
which appears comparable to that after TACE for tumors
of a similar size in our study.
In this study, we did not directly compare our TACE
results to similar patients who underwent RFA treatment in
our institution. We have started RFA only 4 years before,
like many others, and long-term follow-up is unavailable
yet. Furthermore, most patients in this study were treated
with TACE in the era long before the availability of RFA.
Naturally, a future comparison between similar patients
undergoing TACE and RFA within the same time-frame
will be made. Ultimately, however, a randomized controlled
trial may be needed. This study may serve as a reference to
compare present and future RFA series, as in many centers
that perform RFA, TACE is either losing ground or experience
with TACE is not so large in the first place. Our results of
TACE in patients with HCC <5 cm in diameter suggest
that the safety of TACE and survival results may be
comparable to those of RFA, which is an important message
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for clinicians treating HCCs. This highlights the need for
randomized studies to compare the two treatment modalities
rather than simply considering RFA as the preferred
treatment based on perceived benefits.
RFA is still an evolving technique and it is therefore
understandable that there is a large diversity in indications
for RFA. Our inclusion criteria for RFA are consistent with
5 cm in
the reported criteria[14-17,27]. A largest tumor size
diameter, the number of tumors less than four and tumors
not invading or abutting major hepatic veins or portal vein
branches have all been reported as the inclusion criteria for
RFA. In our database of HCC patients treated with TACE,
114 of 748 patients who underwent TACE treatment (15%)
fulfilled the criteria for RFA treatment. We found that a
high albumin concentration was associated with better
survival. We believe that this reflects the better liver function
of these patients compared to those with low albumin
concentrations. Indeed, it is reasonable to speculate that
patients with poor liver function may do better with local
ablative techniques, such as RFA, because these techniques
result in less liver damage than TACE. Child’s B grade liver
function did not appear to be an independent predictor in
the multivariate analysis because it possibly interacted with
albumin concentration. A higher age results in a risk reduction
of 2% per year. Others have found that age is an adverse
prognostic factor[34,35]. We cannot explain this interesting
observation but we propose that it might be related to
selection or, partially a more malignant behavior of HCC
in younger patients. In any case, age may not be a clinically
important factor that influences the clinician’s decision to
treat the patient with RFA or TACE. Both a high AFP,
which reflects tumor volume and perhaps also tumor
aggressiveness, and tumor size are associated with poorer
survival. These risk factors have been identified previously
in other prognostic studies of TACE[35–38]. Patients with
tumors measuring between 3 and 5 cm performed worse
compared to those with smaller tumors when put on TACE
treatment. Perhaps this particular group may do better when
treated by local ablative techniques such as RFA. Advances
in RFA technology have allowed ablation of larger HCC.
RFA may effectively treat tumors up to 5 cm in diameter
by using a clustered probe or by inflow occlusion with the
Pringle maneuver[4,30].
This is the first study that investigated the outcomes of
TACE for a group of patients with HCC <5 cm in diameter
who would now be treated with RFA instead in many centers.
TACE for small HCC has been reported before but focused
mainly on the technical aspects, and those studies did not
specifically look at patients who were also eligible for RFA
treatment. Moreover, these are all Japanese studies with
mainly hepatitis C patients[39-41]. Our results compare favorably
with the results of Nakao et al.[39], (34% 3-year survival),
and are similar to the results of Yamada et al.[40], (47% 3-year
survival). Takayasu et al.[41], have reported a 77% 3-year
survival in their patients with HCC <5 cm in diameter.
However, the mean tumor size was only 1.9 cm in their
study.
In conclusion, this study provides the morbidity, mortality
and long-term survival results of a group of patients who
were otherwise eligible for RFA treatment but received
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TACE. Our data, based on a retrospective analysis, suggest
that the immediate and at least the short-term and
intermediate-term survival results of TACE for small HCC
may be comparable to those of RFA reported in the
literature. The data may serve as a useful reference for
comparison to RFA treatment when long-term survival of
the latter treatment becomes available. This study highlights
the need for a prospective comparative study of the two
treatment modalities rather than simply replacing TACE
with RFA for small inoperable HCCs as the treatment of
choice, as what many centers are doing with the availability
of this new technology. The identification of the prognostic
factors may help in better selection of patients for TACE
or RFA treatment.
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Abstract
AIM: To investigate the regulation of phosphatase and
tensin homolog deleted on chromosome ten (PTEN) gene
expression in human hepatocellular carcinoma (HCC) cell
lines.
METHODS: The mRNA and protein levels of PTEN were
detected by Northern blot and Western blot in HCC cell
lines, respectively. Plasmids containing different fragments
of PTEN promoter with Luciferase reporter were constructed
and transiently transfected into HCC cell lines to study the
promoter activity. DNA analysis and RT-PCR were performed
to detect the mutation of PTEN promoter and PTEN cDNA.
RESULTS: Either protein or mRNA levels of PTEN in L02
cells (as a control) were significantly higher than that in
HCC cell lines. The profile of PTEN promoter activity in 8
cell lines was closely correlated with levels of PTEN mRNA
and PTEN protein. Furthermore, the sequence analysis
of 8 cells lines showed no mutation in the region of PTEN
promoter and PTEN cDNA.
CONCLUSION: PTEN expression is down-regulated in HCC
cell lines probably due to loss of activity of PTEN promoter.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The tumor suppressor gene phosphatase and tensin
homolog deleted on chromosome ten (PTEN), mutated in
a wide range of human cancers [1,2], encodes a protein
containing 403 amino acids with phospholipid and protein
phosphatase activity[3-6]. Consequently, PTEN inhibits the
generation of phosphatidylinositol 3,4,5-trisphosphate
(PIP3)[7] and then blocks the activation of proto-oncogene
PKB/Akt[8,9]. The loss of PTEN in human tumors leads to
an increase in PI(3,4,5)P3 and the uncontrolled stimulation
of growth and survival signals[10]. PTEN also dephosphorylated
focal adhesion kinase because of its tyrosine phosphatase
activity[11,12], which might lead to the inactivation of Ras/
mitogen-activated protein kinase(MAPK) pathway[12-15]. It
is well known that both pathways mentioned above are
intimately involved in control of cell growth and survival,
so PTEN appears to impinge on cell proliferation, adhesion,
cell migration, and cell invasion[14,15]. Moreover, germline
mutations in PTEN cause Cowden disease, which is
characterized by the formation of multiple hamartomas
and increased susceptibility to skin, thyroid, and breast
tumors[16]. Together, these findings suggest that loss of
PTEN activity sensitizes cells to malignant transformation
and PTEN is an important protein to regulate various
physiological pathways. Despite extensive characterization
of PTEN mutations in human cancers and relatively good
understanding of the molecular roles of PTEN in the control
of cellular processes, little is known about modes of PTEN
regulation. Recently, scientists have paid more attention to
the regulation of PTEN expression. It was reported that
the transcription of PTEN could be regulated by p53
and Sp1[17,18]. In addition, 5’-untranslated region (5’-UTR)
of PTEN gene was responsible for constitutive PTEN
expression in mice[18]. Salvesen et al.[19], found that PTEN
promoter methylation was relatively frequent in endometrial
carcinoma. Till now, the regulation of PTEN expression is
still unclear especially in HCC cells. It is well known that
the regulation of gene expression is a multi-step process
in eukaryotes, and the transcriptional regulation plays a
important role in it. So, we attempted to study the
transcriptional regulation of PTEN expression in HCC
cell lines.
MA
TERIALS AND METHODS
MATERIALS
Cell culture
Human hepatocellular carcinoma (HCC) cell lines
(SMMC-7721, BEL-7402, BEL-7404, and BEL-7405) and
human liver immortal cell line L02, purchased from Institute
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of Biochemistry and Cell Biology, Chinese Academy of
Sciences (Shanghai, China), were routinely maintained
in RPMI 1640 (Gibco BRL, USA) supplemented with
in
100 mL/L fetal bovine serum (HyClone, USA) at 37
a humidified atmosphere containing 50 mL/L CO2 in air.
HepG2 (human hepatoblastoma) was obtained from
American Type Culture Collection (ATCC). HCC cell lines
MHCC-97H and MHCC-97L kindly provided by Liver
Cancer Institute of Zhongshan Hospital, Fudan University
(Shanghai, China), were maintained in Dulbecco’s modified
Eagle’s medium (Gibco BRL, USA) supplemented with
100 mL/L fetal bovine serum (HyClone, USA) at 37 in a
humidified atmosphere containing 50 mL/L CO2 in air.
Western blot analysis
After being grown into confluence, cells were washed twice
with ice-cold phosphate-buffered saline (PBS) and lysed in
cold lysis buffer (50 mmol/L HEPES, pH 7.5, 150 mmol/L
NaCl, 1.5 mmol/L MgCl2, 1 mmol/L EDTA, 0.2 mmol/L
EGTA, 10 mL/L NP-40, 100 g/L glycerol, 1 mmol/L
dithiothreitol, 1 mmol/L phenylmethylsulfonyl fluoride,
20 mmol/L sodium fluoride, 5 mmol/L sodium orthovanadate,
10 g/L aprotinin, 10 g/L leupeptin, 2 g/L pepstatin, and
1 mmol/L benzamidine). Lysates were incubated for
20 min on ice and centrifugated at 12 000 g for 20 min.
The supernatants were collected and protein concentration
was determined by Lowry protein assay. Cell lysates were
electrophoresed by SDS-PAGE and then transferred onto
polyvinylidene fluoride (PVDF) membrane. The membranes
were blocked with 50 g/L nonfat dry milk in PBST (PBS,
0.5 mL/L Tween-20) for 4 h at room temperature and
with a mAb against human
incubated overnight at 4
PTEN (Santa Cruz, CA, USA), followed by incubation with
HRP-conjugated secondary antibody at room temperature
for 3 h. Antibody binding was detected by enhanced
chemiluminescence (ECL).
Northern blot analysis
Total RNA was isolated using the TRIzol reagent
(Invitrogen, CA, USA) according to the manufacturer’s
directions. The 20 µg RNA was electrophoresed on a 12 g/L
agarose/formaldehyde gel and blotted onto a nylon
membrane (Schleicher & Schuell, Germany) by capillary
transfer. Hybridization was performed in 0.2 mol/L
Na2HPO4/NaH2PO4 (pH 7.2), 1 mmol/L EDTA, 10 g/L
BSA, 70 g/L SDS and 150 mL/L formamide at 50 , and
the filters were washed extensively with 40 mmol/L
Na2HPO4/NaH2PO4 (pH 7.2), 1 mmol/L EDTA, 10 g/L
SDS at 65 . A 1.2 kb DNA fragment representing the
entire coding region of PTEN was used as a probe and was
labeled by Prime-a-Gene labeling system (Promega,
Madison, WI, USA). Air-dried blots were autoradiographed
onto Kodak film (Eastman Kodak, Rochester, NY, USA)
and the RNA signal was detected using an ImageMaster
VDS system (Pharmacia Biotech, San Francisco, CA, USA)
and normalized against the signal for β-actin using
ImageMaster TotalLab 1D software.
Isolation of 5’-flanking and promoter region of PTEN gene
Based on the published sequence of PTEN (accession
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number AF067844), a 2.7 kb DNA fragment of PTEN
containing 5’-flanking region, 5’-untranslated region (5’-UTR)
and full-length of PTEN promoter region were obtained
by PCR using primers 5’-GATAGATCTGGGTGGGGTGCGGGGTAGGAGTGC-3’ and 5’-GAGAAGCTTGCTGCGGCGGCTGCTGGATGGTTG-3’. The
fragment was subcloned into the luciferase reporter plasmid
pGL3-basic (Promega, Madison, WI, USA) which was
digested twice with BglII and HindIII restriction enzymes.
Positive clones, pGL3-2768, from 8 cell lines were identified
by restriction enzymes digest and DNA sequencing, and
aligned with the GenBank databases.
Reporter gene plasmids constructions
Several specific primers containing BglII and HindIII
restriction enzyme sites (listed below) were designed to
amplify serial deletion fragment of PTEN using the clone
pGL3-2768 (-2 927/-160) as a template.
5’-CGGAGATCTGTGTTTGGATGTGGGTGCTTTT-3’ (-2 403),
5’-GCTAGATCTTCATTTAGATAGGTGCCCTTTGG-3’ (-1 794),
5’-GAGAGATCTGCGTGGTCACCTGGTCCTT-3’ (-1 389),
5’-CTGAGATCTCTCAGTAGAGCCTGCGGCTTGG-3’ (-1 118),
5’-GGCAGATCTGCGGTGATGTGGCGGGACTCTT-3’ (-916),
5’-GCGAGATCTCGCGACTGCGCTCAGTTCTCTCCT-3’ (-858),
5’-CCGAAGCTTGGCCTCGCCTCACAGCGGCTCAACT-3’ (-778),
5’-CAGAGATCTGGTCTGAGTCGCCTGTCACCATTT-3’ (-458),
5’-GAGAAGCTTGCTGCGGCGGCTGCTGGATGGTTG-3’ (-160).

Fragments of 2 234 (-2 403/-160), 1 635 (-1 794/-160),
1 230 (-1 389/-160), 1 526 (-2 403/-778), 1 016 (-1 794/-778),
612 (-1 389/-778), 341 (-1 118/-778), 139 (-916/-778), 81
(-858/-778) and 299 (-458/-160) were cloned into the vector
pGL3-basic at the BglII and HindIII sites to individually
generate pGL3-2234, pGL3-1635, pGL3-1230, pGL3-1526,
pGL3-1016, pGL3-612, pGL3-341, pGL3-139, pGL3-81,
pGL3-299, respectively. These constructs were sequenced
and aligned with the GenBank databases.
Transient transfections and luciferase activity assays
Cells were seeded into 6-well plates at a density of 150 000
cells per well 1 day before transfection. The transfection
was performed with the Lipofectamine™ 2000 transfection
reagent (Invitrogen, CA, USA) according to the manufacturer’s
guidelines. Typically, 3 µg of pGL3 vector and 1 µg of
pGFP-β−Gal (a gift from Houyan Song, Department of
Molecular Genetics, Shanghai Medical College, Fudan
University, Shanghai, China) were used per well. After 48 h,
cells were lysed with lysis buffer (Promega, Madison, WI,
USA). The mixtures were centrifugated at 12 000 g for 15 s
at 4 , and the supernatant was preserved at -70 . Activities
of firefly luciferases were measured in a luminometer Lumat
LB 9507 using the luciferase assay system (Promega, Madison,
WI, USA). β-Gal activity was measured by β-galactosidase
enzyme assay system (Promega, Madison, WI, USA).
Promoter activity was quantified by calculating the ratio of
firefly luciferase activity/β-gal activity of the same sample.
Transfection efficiency was determined through the positive
cells with green fluorescence from the green fluorescence
protein (GFP) under fluorescent microscope. All the
luciferase assays were carried out at least in triplicate, and
the experiments were repeated thrice.
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It is well known that promoter plays the most important
role in gene transcription. In an attempt to analyze the
function of PTEN promoter, we isolated a DNA fragment
containing 5’-flanking region and the 5’-untranslated region
(5’-UTR) from PTEN gene, and performed a series of
promoter deletion. Eleven fragments of PTEN gene
promoter were constructed into pGl3-basic with luciferase
reporter (Figure 3 A) and were transiently transfected into
L02 and SMMC-7721 cell lines. It was found that the
profiles of luciferase activities of various plasmids were
the same in the two cell lines (Figures 3B and C). The
612-bp fragment (-1 389/-778) was sufficient to induce
maximum luciferase activity in L02 and SMMC-7721 cell
lines. The plasmid pGL3-2768 (-2 927/-160), which
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RESULTS
PTEN protein and mRNA expression in 8 cell lines
Most mammalian cells containing the wild-type PTEN gene
expressed detectable levels of PTEN mRNA and protein
under normal growth conditions[17]. L02, a human liver
immortal cell line, was used as a control in the present study.
There was one 55 ku PTEN protein detected with various
levels in 8 cell lines by Western blot analysis (Figure 1). The
protein level of PTEN in L02 cells was the highest among
the 8 cell lines, whereas the PTEN protein in HepG2 cells
was almost undetectable. Simultaneously, Northern blot
analysis showed a major 2.5-kb transcript and a lower
abundance 5.0-kb transcript of PTEN mRNA in all 8 cell
lines, which was consistent with previous reports [20]
(Figure 2). The total mRNA of PTEN was calculated in
both 5.0-kb and 2.5-kb transcripts. The mRNA level of
PTEN was much higher in L02 cells than the other 7 HCC

Absence of PTEN promoter and PTEN cDNA mutation in 8 cell
lines
Deletions or mutations of PTEN encoding gene are associated
with a variety of human cancers[12]. Furthermore, decreased
expression of PTEN was associated with advanced glioma,
melanoma, and prostate cancer, implicating losses of
PTEN by mutation involved in tumor progression[21-23]. To
investigate whether the deletion or mutation exists in PTEN
gene, leading to the lost expression of PTEN in HCC cell
lines, we analyzed the sequence of PTEN cDNA and PTEN
promoter (-2 927/-160 bp) in 8 cell lines. We found no
mutation in PTEN cDNA and PTEN promoter region of
8 cell lines (data not shown), indicating that the different
levels of PTEN mRNA and protein in 8 cell lines were not
caused by the mutation of PTEN cDNA and promoter
region. It might be related to PTEN transcriptional or
post-transcriptional regulation.

L02

Statistical analysis
F test was used for statistical analysis.

cell lines, especially in HepG2 cells (Figure 2). The mRNA
level of PTEN in L02 cells was over five-folds than in
HepG2 cells. However, the profile of PTEN protein level in
each of 8 cell lines closely parallelized with its PTEN mRNA.

7 405

RT-PCR and DNA sequencing of PTEN cDNA and PTEN
promoter
Total RNA was isolated from cell lines using the TRIzol
RNA isolation kit (Invitrogen, CA, USA) according to the
manufacturer’s protocols. After synthesis of first strand
cDNA using oligo-d(T) 12-18 primer and moloney murine
leukemia virus (M-MuLV) reverse transcriptase (Promega,
Madison, WI, USA), PTEN cDNA was amplified using PCR
with pyrococcus furiosus (Pfu) DNA-polymerase (Promega,
Madison, WI, USA). The primer sequences were as follows:
upper primer, 5’-ACAGGC-TCCCAGACATGACA-3’ and
lower primer, 5’-TCAG-ACTTTTGTAATTTGTGTATG-3’.
PCR amplification was carried out for 30 cycles under
for
denaturing-annealing-extension conditions of 94
for 1 min and 72
for 1 min, respectively.
30 s, 60
The PCR product was cloned into the T vector and was
identified by DNA sequencing of at least three independent
clones and aligned with the GenBank databases.
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Figure 1 Western blot analysis for PTEN protein expression in 8 cell lines
under normal growth conditions.
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Figure 2 Northern blot analysis of PTEN mRNA expression in 8 cell lines
under normal growth conditions.
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Figure 3 PTEN promoter deletion analysis in SMMC-7721 and L02 cell lines. A:
Schematic representation of serial deletion constructs of human PTEN genomic

locus; B: promoter activity of serial deletion constructs of PTEN in L02 cell lines;
C: promoter activity of serial deletion constructs of PTEN in SMMC-7721 cell lines.

contained full-length promoter, appeared to have lower
activity than that of pGL3-612 (-1 389/-778), indicating that
the suppressor elements or special DNA structure may
exist in double ends, especially in 3’ end fragment (-777/160). The 341 bp fragment (-1 118/-778) possessed over
60% of the promoter activity of the 612 bp fragment.
The 81-bp fragment (-858/-778), however, appeared to
be insufficient for inducing transcriptional activation of
PTEN. The 299-bp downstream fragment (-458/-160)
possessed no significant promoter activity in L02 and
SMMC-7721 cells. No further increase in activity was
observed when longer fragments than 612 bp were
transfected, which was consistent with previous report[24].
Taken together, these data showed that the 612-bp fragment
(-1 389/-778) had optimal promoter activity and the core
region of PTEN promoter was located within the -1 118 to
-778 region.

the profiles of PTEN protein and PTEN mRNA. These
results demonstrated that the changes of PTEN protein
and PTEN mRNA in 8 cell lines might result from the
function of PTEN promoter.

Relative luciferase activity

Different activities of PTEN promoter in 8 cell lines
When transfecting the plasmid pGl3-612 that possessed
maximum PTEN promoter activity into the 8 cell lines, we
found the activity of pGl3-612 in SMMC-7721 and L02
cells were much higher than that in others (Figure 4),
while the activity of pGl3-612 in HepG2 cells was the
lowest, only 17% of that in L02 cells. The activities of
pGl3-612 in BEL-7402, BEL-7404, BEL-7405, MHCC-97H
and MHCC-97L were 55%, 65%, 62%, 45%, and 39% of
that in L02 cells, respectively. The profile of PTEN
promoter activity in 8 cell lines was mostly parallelized to
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Figure 4 Activity of PTEN promoter in 8 cell lines.
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DISCUSSION
Since the isolation of PTEN/MMAC1/TEP1 (acronyms
for phosphatase and tensin homolog[2], mutated in multiple
advanced cancers [1], and TGF-β (transforming growth
factor-β)-regulated and epithelial cell-enriched phosphatase[25]
as a candidate tumor suppressor gene, hundreds of reports
have been published focusing on its structure and function,
as well as on mutations that cause human diseases [26].
Mutations of the PTEN gene arise during cancer
progression in a remarkable variety of cancers, including
brain, prostate, breast, endometrial cancers and melanoma[26].
The frequency of PTEN mutations observed in endometrial
tumors[26], malignant glial tumors[25], malignant melanoma
cell lines[26] and metastatic prostate carcinomas[27] was about
45%, 24%, 40%, and 10%, respectively. In addition,
germline mutations in the PTEN gene have been associated
with Cowden syndrome and a significantly increased
risk of certain tumors, including cancer of the breast and
thyroid[21,28]. These data further support that PTEN is a
tumor suppressor gene.
The structure of PTEN contains a phosphatase domain
that has a structure resembling tyrosine phosphatase and a
C2 domain appears to bind PTEN to the plasma membrane,
which might orientate the catalytic domain appropriately
for interactions with phosphatidylinositol 3,4,5-trisphosphate
(PIP3) and other potential substrates[29]. A PDZ binding
motif in the tail might also play a role in altering the balance
of PTEN effects on potential downstream signaling targets
such as Akt[16]. PTEN is also known to be critically important
both during embryonic development and in mature
organisms as a tumor suppressor[30-32]. Studies of PTEN
functions have provided a novel insight into the regulation
of apoptosis, migration and tumor progression. PTEN
appears to serve as a hub or switchpoint linking complex
signaling pathways[33,34].
HCC presents a major health threat in South-East Asia,
especially in China. It ranks the third among all malignancies
both in incidence and mortality in China and accounts for
approximately 42.5% of the total incidence worldwide[35].
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As a tumor suppressor gene, PTEN expression is
downregulated in tumors and tumor cell lines by genetic
and epigenetic mechanisms[26]. Therefore, it is very important
to study the regulation of PTEN expression in human
HCC cell lines. In this study, the results of Western blot
analysis demonstrated that the protein level of PTEN in
L02 cells was the highest among 8 cell lines, whereas there
was almost undetectable PTEN protein expression in HepG2
cells. Northern blot analysis showed that the profile of PTEN
mRNA in 8 cell lines almost parallelized to the profile of
PTEN protein, indicating that the variation of PTEN protein
was mostly dependent on the change of PTEN mRNA.
Moreover, deletions or mutations of PTEN gene are
associated with a variety of human cancers[12]. Does such
deletion or mutation of PTEN gene exist in HCC cell lines,
causing the cut down of PTEN expression in HCC cell lines?
The sequence analysis of PTEN cDNA and PTEN promoter
region showed no mutations in these HCC cell lines. Hence
the downregulation of PTEN expression in HCC cell lines
probably existed in transcriptional or post-transcriptional levels.
The deletion analysis of PTEN promoter showed that
the fragment of 612 bp (-1 389/-778) could produce maximum
promoter activity in 8 cell lines and the core region of PTEN
promoter was within the 341 bp (-1 118/-778) fragment.
The full-length fragment possessing low activity indicated
that the double ends of the 612 bp fragment contained
suppressive elements or special structures. We used the
Genomatix Suite/MatInspector software[36] to analyze the
potential binding sites in PTEN core promoter region and
its downstream DNA sequence (-1 118/-160 bp), and found
a variety of binding sites for p53, NF-kappaB, Ap2, MAZ,
Sp1, E4F and Egr-1. Particularly, there were five MAZ
binding sites in core promoter region (-1 118/-778) area
and 11 Egr-1 in its downstream area (-779/-160). Our results
suggested that these two transcription factors might play an
important role in control of PTEN expression. After the
transfection of pGL3-612 (-1 389/-778), which could
produce maximum promoter activity into 8 cell lines, we
found the profile of PTEN promoter activity was almost
parallelized with the profiles of PTEN mRNA and PTEN
protein in 8 cell lines. Furthermore, a recent study reported
that the PTEN had no internal ribosome entry site (IRES) that
could mediate cap-independent initiation of translation[18].
Taken together, we conclude that the downregulation of
PTEN expression in 7 HCC cell lines may not be responsible
for the mutation of PTEN, but mainly contribute to the
loss of PTEN promoter activity.
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Abstract
AIM: Type IV collagenase including MMP-2 and -9 plays
an important role in cancer cell invasion and metastasis
and is an attractive target for mAb-directed therapy. The
immunoreactivity of mAb 3G11, a mAb directed against
type IV collagenase in human colorectal carcinomas, was
studied by immuno-histochemical (IHC) staining. mAb
3G11 was conjugated to an antitumor antibiotic lidamycin
(LDM). The antitumor activity of 3G11-LDM conjugate
against colon carcinoma was investigated in mice.
METHODS: ELISA, gelatin zymography, and Western
blot assay were used for the biological characterization
of mAb 3G11. The immunoreactivity of mAb 3G11 with
human colorectal carcinomas was detected by IHC
staining. The cytotoxicity of LDM and 3G11-LDM conjugate
to human colon carcinoma HT-29 cells was examined by
clonogenic assay and MTT assay. The therapeutic effect
of conjugate 3G11-LDM was evaluated with colon
carcinoma 26 in mice.
RESULTS: As shown in ELISA, mAb 3G11 reacted specifically
with type IV collagenase, while 3G11-LDM conjugate also
recognized specifically its respective antigen. In IHC assay,
mAb 3G11 showed positive immunoreactivity in most cases
of colorectal carcinoma, and negative immunoreactivity in
the adjacent non-malignant tissues. By gelatin zymography,
the inhibition effect of mAb 3G11 on the secretion activity
of type IV collagenase was proved. In terms of IC50 values
in MTT assay, the cytotoxicity of LDM to human colon
carcinoma HT-29 cells was 10 000-fold more potent than
that of mitomycin C (MMC) and adriamycin (ADM). 3G11LDM conjugate also displayed extremely potent cytotoxicity
to human colon carcinoma HT-29 cells with an IC50 value
of 5.6×10-19 mol/L. 3G11-LDM conjugate at the doses of
0.05 and 0.1 mg/kg inhibited the growth of colon carcinoma
26 in mice by 70.3 and 81.2%, respectively.

INTRODUCTION
There were 622 000 deaths of colorectal cancer globally in
2002 according to the World Health Report 2004 of WHO.
Colorectal cancer can be considered as a complex disease,
with a combination of predisposing genetic variants and
environmental factors that contribute to the illness as a whole.
Since colorectal carcinoma is a leading cause of cancer death
in the world, many therapeutic strategies are being investigated,
among which the recent major achievements are Avastin
and Erbitux, as antibody therapeutics approved for treatment
of refractory and advanced colorectal carcinoma by the
FDA of USA in 2004. This indicates that antibody-based
drugs are promising for colorectal cancer therapy.
Lidamycin (LDM), also called C-1027, is a member of
enediyne antitumor antibiotics family and binds to the minor
groove of DNA, causing double-strand breaks and apoptosis.
LDM consists of an apoprotein (LDP) of 10.5 ku and an
enediyne chromophore (LDC) of 843 Da. These two parts
of the molecule, connected each other through non-covalent
binding, can be dissociated and reconstituted[1,2]. Because
of its extremely potent cytotoxicity against cancer cells and its
remarkable activity of anti-angiogenesis and anti-metastasis,
LDM can serve as an “effector” agent or “warhead” molecule
to construct immunoconjugates[3-5]. In addition, as a potential
chemotherapeutic agent for cancer treatment, LDM has
recently entered phase I clinical trials.
Type IV collagenase (also called gelatinases including
MMP-2 and -9), as the main member of MMPs family, is
of particular interest in the study of antibody-based drugs
because the enzyme plays an important role in cancer
invasion and metastasis. Using type IV collagenase as a
molecular target, mAb 3G11 directed against MMP-2 and
-9 was herein produced, analyzed, and evaluated for targeting
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cancer therapy. Previous studies have demonstrated that
3G11-LDM immunoconjugate remarkably suppresses the
growth of hepatoma 22 (H22) and increases the survival
time of tumor bearing mice. Moreover, the antitumor
efficacy of the conjugate was higher than that of free LDM
or mAb 3G11 alone[6]. In order to reduce the molecular
size of agent, e.g. from the mAb to Fab’ and even to the Fv,
a series of antibody-based drugs have been studied in our
laboratory [7,8]. Utilizing anti-tumor and anti-metastasis
mAb 3G11 as a therapeutic agent or as a carrier in cancer
treatment may enhance the selectivity of chemotherapy.
In this study, we observed the immunoreacitivity of
mAb 3G11 with 32 cases of human colorectal carcinoma
specimens by IHC staining. For further characterization
of the mAb, Western blot assay, ELISA, and gelatin
zymography were performed. mAb 3G11 was used as a
targeting carrier for colon cancer as it demonstrated a
highly specific immunoreactivity to human colorectal
carcinoma. 3G11-LDM immunoconjugate was prepared
and its antitumor efficacy against colon carcinoma was
examined.

MA
TERIALS AND METHODS
MATERIALS
Materials
Highly purified LDM was prepared in our institute. MTT
was obtained from Sigma Chemical Co., (St. Louis, MO,
USA). Mitomycin C (MMC) was purchased from Kyowa
Hakko Kogyo Co., Ltd.
Preparation of monoclonal antibody and conjugate
mAb 3G11, a murine IgG1-type mAb, was prepared using
type IV collagenase (SIGMA Inc.) to immunize BALb/c mice.
According to our previous methods, mAb 3G11 was purified
by sequential affinity and size-exclusion chromatography
on protein G and Superose-12 columns and then used for
conjugation with LDM immediately. The 3G11-LDM
conjugate was formed by heterobifunctional crosslinking
reagent m-maleimidobenzoyl-N-hydroxy-succinimide ester
(MBS) through linkage of the amino group of LDM
apoprotein with the 3G11 molecule at molecular ratio of
1:1 in our laboratory.
Cells and cell culture
The following cancer cell lines were used: human colon
carcinoma HT-29 cells, human fibrosarcoma HT-1080 cells,
human breast carcinoma MCF7 cells, mouse colon carcinoma
26 cells, mouse hepatoma 22 cells. All the cell lines were cultured
in RPMI 1640 medium (Gibco BRL Inc.) supplemented
with 10% heat-inactivated fetal bovine serum (FBS, Gibco
BRL Inc.), 0.03% L-glutamine, 100 µg/mL streptomycin
and 100 IU/mL penicillin at 37 in a humidified atmosphere
containing 50 mL/L CO2. For use in experiments, cells grown
in exponential phase were disaggregated to single cells by
treatment with trypsin/EDTA for 2 min.
Specimens of human colorectal carcinomas
Tumor tissue specimens collected by standard surgical
oncology procedures were obtained from the Pathology
20% glycerin, 2% SDS, 0.1% bromophenol blue. Samples
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Department of Friendship Hospital in Beijing. A total of
32 cases of colorectal carcinoma were examined. The
specimens were fixed in 40 mL/L formaldehyde in PBS (pH
7.0) and embedded in paraffin.
Immunohistochemical staining
Paraffin-embedded tissue sections of 4 µm thickness were
placed on APES-coated slides. Immunohistochemical
(IHC) staining of the sections was performed after
dewaxing and rehydrating. Then the sections were incubated
in 0.3% H 2O 2 for 15 min, blocked by normal mouse
serum for 30 min, and incubated with primary mouse mAb
(3G11) overnight at 4 . IHC staining was performed by
the labeled streptavidin–biotin immunoperoxidase
technique with SABC kit (Bostern Inc.). After each step,
the sections were washed thrice with PBS. Finally, 3,3’diaminobenzidine-hydrogen peroxide (DAB, Bostern Inc.)
was used as a chromogen for visualized reaction. For
negative control, PBS and irrelevant mAb F9 were used
instead of the primary antibody.
The IHC intensity of various colorectal carcinoma cases
was assessed by image analysis and semiquantitative scoring,
respectively. The sections were observed under a microscope.
Manual evaluation of staining results was performed according to the general methods by semiquantitative scoring[9].
For quantitative evaluation of mAb 3G11 staining, each
tumor section was examined by the image progressing and
analysis system (Leica Inc.) in 20 representative high-power
fields (×400).
Western blot assay
Total cell extraction from human colon carcinoma HT-29
cells, human fibrosarcoma HT-1080 cells and human breast
carcinoma tissue lysate (Prosci Inc.) was performed by
Western blot assay. The samples in the cold lysate buffer
(50 mmol/L Tris-HCl, 150 mmol/L NaCl, 1% Nonidet
P40, 0.5% sodium deoxycholate, 2 mg/L aprotinin, 2 mg/L
lupeptin, 2 mmol/L AEBSF, pH 8.0) were electrophoresed
on 10% gradient SDS-polyacrylamide gels in the presence
of β-mercaptoethanol. The proteins were transblotted onto
a PVDF membrane, blocked with 5% BSA/TBS for 2 h
and incubated with primary antibody (mAb 3G11) overnight
at 4 and then with peroxidase-conjugated goat anti-mouse
IgG (Zhongsan Inc.) at room temperature for 1 h. The
membrane was washed and the antibody reaction was
visualized using Western blot luminol reagent: sc-2048. The
membrane was scanned and the data were fed into the
computer by image analysis system (AIO Inc.).
Gelatin zymography
Gelatinolytic activity of HT-29 cells was analyzed according
to the method described previously[10]. The cells at the
concentration of 1×106/mL were incubated for about 1824 h with mAb 3G11 in serum-free 1640 medium and PBS.
After low-speed centrifugation at 3 000 r/min to remove
cellular debris, the condition medium (CM) was collected.
All sample volumes were adjusted with PBS to 1 g/L of
total protein to obtain a uniform protein content of 20 µg
per sample. Then 20 µL of CM was mixed with 10 µL of
3× sample buffer containing 10 mmol/L Tris-HCl (pH 6.8),
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(30 µL) were then separated by electrophoresis on 10%
polyacrylamide gel containing 0.1% SDS and 1% gelatin as
a substrate. Thereafter, gels were washed in the reaction
buffer (50 mmol/L Tris-HCl, pH 7.6, 0.15 mol/L NaCl,
10 mmol/L CaCl2, 0.02% NaN3) containing 2.5% TritonX 100 for 1 h to remove SDS. During this process, progelatinases A and B were autocatalytically activated in situ.
in the reaction
Gels were then incubated for 24 h at 37
buffer and stained with 0.1% Coomassie-brilliant blue
R-250. The location of gelatinolytic activity was detectable
as a clear band in the background of uniform staining. The
blank bands were scanned and saved by the image system
(AIO Inc.).
Enzyme-linked immunosorbent assay
Above-mentioned single-cell suspension volume was placed
into the poly-L-lysine-coated 96-well ELISA plates (Costar
Inc.) containing 1×10 5 cells/100 µL per well at 4
overnight. After being blocked with a solution of BSA
(1 mg/100 mL in PBS) and washed thrice with 0.05%
Tween-20 in PBS (PBST), plates were incubated with primary
antibody (mAb 3G11 or 3G11-LDM conjugate) and goatanti-mouse IgG-conjugated horseradish peroxidase for 1 h
at 37 , respectively. Following six washes with PBST,
o-phenylenediamine-hydrogen peroxide (OPD-H2O2) substrate
was used as a chromogen for visualization. Finally, the reaction
was stopped by the addition of 100 µL of 0.1 mol/L H2SO4,
and the absorbance readings (490 nm) were taken using a
microplate reader (Bio-Rad Inc.).
MTT assay
Cells were detached by trypsinization and seeded at 3 000
cells/well in a 96-well plate (Costar, Cambridge, MA, USA)
overnight. Then different concentrations of LDM, adriamycin
(ADM), and MMC were added and incubated for an
additional 48 h. The effect on cell growth was examined by
MTT assay. Briefly, 20 µL of MTT solution (5 mg/mL)
was added to each well and incubated at 37 for 4 h. The
supernatant was aspirated, and the MTT formazan formed
by metabolically viable cells was dissolved in 150 µL of
DMSO, and then monitored by a microplate reader (BioRad) at a wavelength of 560 nm.
Clonogenic assay
Cancer cells at the concentration of 50 cells/well were
seeded in 96-well plates and cultured for 24 h, then treated
for 1 h. Subsequently
with LDM or 3G1-LDM at 37
they were incubated for 5-7 d. Colonies formed were scored
microscopically and the survival fractions (% control) were
calculated using the following formula: survival fraction =
(colony number of control well-colony number of treated
well)/colony number of control well.
In vivo therapy studies
Female BALB/c mice (20±2 g, 7 wk of age, obtained from
the Institute for Experimental Animals, CAMS) were inoculated
subcutaneously with murine colon carcinoma 26 cells
(1.5×106 cells/mouse). Mice were divided randomly into
untreated control group and six treatment groups, and
carefully monitored for general well-being, body weight, and
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tumor size. Diameter of the tumor was measured twice a
week with a caliper. Tumor volume was calculated with the
following formula: v = 1/2ab2, where a and b are the long
diameter and its perpendicular short diameter of the tumor,
respectively. The data were presented as mean±SD.
Student’s t-test was used to determine statistically significant
differences.

RESUL
TS
RESULTS
Immunohistochemical staining of tumors with mAb 3G11
MAb 3G11 showed positive immunoreactivity in 81.3%
(26/32) of cases of colorectal carcinoma, 43.8% (7/16) of
cases of mammary carcinoma, 63.6% (7/11) of cases of
gastric carcinoma, and 66.7% (4/6) of cases of esophageal
carcinoma, respectively. Cytoplasmic staining tended to be
strongest in the cells at the periphery or invasive margin of
the tumors and in the cells at the margin of tumor nests,
whereas adjacent non-neoplastic tissues showed negative
staining (Figure 1).

A

B

C

D

Figure 1 Immunohistochemical staining of mAb 3G11 in human colon carcinoma
section. A: Colon carcinoma (100×, the bar represents 400 µm in length.); B:
the same case of A (400×, the bar represents 100 µm in length.); C (100×) and
D (400×): another case of typical colon adenocarcinoma.

Moreover, we found a significant correlation between
the evaluation method of 3G11 immunostaining by computer
image analysis and by semi-quantitative scoring (Figure 2).
The consistent results assessed by both manual methods
and quantitative image analysis system proved that 3G11
showed highly specific immunoreactivity with human colon
carcinomas and that quantitaive estimation might also serve
as an useful approach for IHC analysis.
Western blot analysis
MAb 3G11 was characterized by Western blot analysis and
two specific electrophoretic bands of 72 and 92 ku in the
cell or tissue lysates are shown, supporting the IHC results
(Figure 3). The appearance of two bands indicated that
other matrix metalloproteinase present in the samples did
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Figure 2 Immunohistochemical intensity of mAb 3G11 in various cases of human
colorectal carcinoma assessed by image analysis and semiquantitative scoring.
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Figure 5 Immunoreactivity of 3G11(A) and 3G11-LDM (B) with type IV
collagenase and various cancer cells in ELISA.
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Figure 3 Immunological property of mAb 3G11 by Western blot analysis. Lane
1: human colon cancer HT-29 cell lysate; Lane 2: human fibrosarcoma HT-1080
cell lysate; Lane 3: human breast cancer tissue lysate.
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not cross-react with mAb 3G11. The intensity of two bands
of 72 and 92 ku was different in various cell lines and
tissue lysates. The results indicated that the expression level
of gelatinase was different in various tumors.
Gelatin zymography assay
Both active and latent species could be visualized by using
this technique. It showed that the clearance of the gelatin
substrate by gelatinases with 72 and 92 ku was detected as
a negative staining band, respectively. As shown, both the
secreted activity of 72 and 92 ku gelatinases in human colon
carcinoma HT-29 cells was inhibited by mAb 3G11 in a
dose-dependent manner (Figure 4).
Immunoreactivity of mAb 3G11 and immunoconjugate 3G11-LDM
The binding of mAb 3G11 to antigen-related cancer cells
including HT-29, H22, and C26 cells, which expressed type
IV collagenases including MMP-2 and -9, is shown in a
concentration-dependent manner ranging from 0.01 to
0.3 µmol/L of 3G11 (Figure 5A). The immunoconjugate
3G11-LDM still retained the immunoreactivity at a range
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B
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Figure 4 Gelatin-zymography assay of HT-29 cells after treatment with mAb
3G11 at different concentrations.
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Figure 6 Cytotoxicity of LDM to human colon carcinoma HT-29 cells in
comparison to ADM and MMC (A) and 3G11-LDM (B).

of concentrations between 0.01 and 0.1 µmol/L (Figure 5B).
Cytotoxicity of LDM to human colon carcinoma cells
As determined by MMT assay, the IC50 values for LDM,
ADM, and MMC to human colon carcinoma HT-29 cells
were 0.042±0.007, 528.3±97.7, and 992.0±93.0 nmol/L,
respectively (Figure 6A).
In terms of IC50 values, the effect of LDM on HT-29 cells
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Table 1 Growth inhibition of colon carcinoma 26 by immunoconjugate 3G11-LDM in mice
Groups

Doses (mg/kg)

Mice number (begin/end)

BWC (g)

Tumor volume (cm3) mean±SD

Control
3G11

0.75

10/10
10/10

+0.5
+0.6

1.0±0.20
0.8±0.20

25.7 b

LDM
3G11+

0.05
0.75

10/10
10/10

-0.2
-0.3

0.4±0.16
0.7±0.13

56.4b
38.6b

LDM
3G11-LDM

+0.05
0.025

10/10

-0.4

0.5±0.09

54.5a,b

3G11-LDM
3G11-LDM

0.05
0.1

10/10
10/10

-0.3
-0.3

0.3±0.06
0.2±0.06

70.3a,b
81.2a,b

Inhibition rate (%)

P<0.05 vs LDM; bP<0.01 vs control; BWC = body weight change.

a

was 10 000-fold more potent than that of ADM and MMC.
Cytotoxicity of 3G11-LDM to human colon carcinoma cells
By clonogenic assay, the conjugate 3G11-LDM displayed
extremely potent cytotoxicity to human colon carcinoma
HT-29 cells (Figure 6A). The IC50 value of 3G11-LDM for
HT-29 cells was 5.6×10-10 nmol/L and that of the free LDM
was 3.48×10-9 nmol/L.
In vivo therapy with immunoconjugate 3G11-LDM
According to the results on d 10 (Table 1), the tumor growth
of colon carcinoma 26 in mice treated with 3G11-LDM
was significantly inhibited by 54.5%, 70.3%, and 81.2% at
the dose of 0.025, 0.05, and 0.1 mg/kg, respectively. It
proved that 3G11-LDM showed higher anti-tumor efficacy
against colon carcinoma in mice, as compared to the results
of either free LDM or mAb 3G11.

DISCUSSION
Though numerous patients with alimentary tract carcinoma
could be successfully induced into first remission by chemotherapy
or radiotherapy, most of these patients ultimately have a
relapse within 3-5 years. In addition, chemotherapy is
accompanied with substantial side effects because of the
non-specificity of the cytotoxic drugs. Therefore, it is clear
that novel or additional therapy approaches are required. A
promising therapy is antibody-targeted chemotherapy, which
allows the specific delivery of cytotoxic drugs to the tumor
tissues and is likely to have minimal toxic side effects[11,12].
Owing to its high potency cytotoxicity and molecular
constitution, LDM may be successfully applied as a
promising “warhead” in the production of antibody-based
targeting therapeutics. The FDA-approved Zevalin and
Bexxar are radioimmunotherapeutics derived from murine
mAb. Their clinical application indicates that murine mAb
may be used for cancer therapy under certain circumstances.
MMPs are now known to contribute tumor progression
in addition to invasion, including tumor promotion,
angiogenesis, and the establishment and growth of metastatic
lesions in distant organ sites[13]. There is evidence that the
expression of MMP-2 and -9, two of the most important
MMPs, are linked to enhanced tumor angioge-nesis, tumor
invasion, and metastasis[14-16]. By IHC staining in our studies,
mAb 3G11 showed significant immunoreactivity with
gelatinases in various human tumor tissues, especially in
human colon carcinoma specimens, and no cross-reaction

with adjacent non-neoplastic tissues was found. The IHC
staining of mAb 3G11 was found to localize in most colon
carcinoma cells and a few of surrounding fibroblasts. Our
IHC results are in accordance with some previous reports[17].
MMP-2 and MMP-9 expression is more frequently found
at the lateral and deep margins of the tumors as observed
by immunohistological staining. Among the examined human
cancer specimens, mAb 3G11 had the strongest staining
intensity and the highest positive rate in colon carcinomas,
suggesting that mAb 3G11 has highly specific immunoreactivity
with human colon carcinoma and this is the key reason for
the use of mAb 3G11 as a carrier for antibody-based therapy.
Inhibitors of MMPs (MMPIs) can be used to halt the
spread of cancer. MMPIs do not directly kill cancer cells,
but instead targets processes such as cancer cell invasion
and metastasis. However, many initial clinical trials using
MMPIs proved to be disappointing[18]. 3G11-LDM is a
conjugate composed of a mAb directed against type IV
collagenase, including MMP-2 and -9, and LDM displays
extremely potent cytotoxicity. This antibody can inhibit the
enzyme activity and selectively bind to the target enzyme in
tumor tissues. 3G11-LDM conjugate has potent antitumor
efficacy both in vivo and in vitro.
In conclusion, 3G11-LDM is a promising agent for
targeted cancer chemotherapy, especially for colorectal
carcinoma.
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Abstract
AIM: To compare the efficacy and safety of recombinant
human IFN β-1a alone or in combination with ribavirin in
treatment-naïve subjects with chronic hepatitis C.
METHODS: Open, randomized trial was performed in 6
Italian tertiary centers: 102 of the 108 patients screened
were randomized to receive 6 MIU of recombinant human
IFN β-1a subcutaneously daily for 24 wk, alone (Group 1, n =
51) or in combination with ribavirin 1 000 to 1 200 mg/d
(Group 2, n = 51).
RESULTS: The end-of-treatment virologic response
rate was 29.4% in Group 1 and 41.2% in Group 2 (nonsignificant). Twenty-four weeks after stopping therapy,
sustained virologic response rate was 21.6% in Group 1
and 27.4% in Group 2 (non-significant). All subjects in Group
1 completed treatment, while two subjects in Group 2
stopped therapy due to treatment-related adverse events.
CONCLUSION: Recombinant human IFN β-1a, alone or in
combination with ribavirin, has an excellent safety profile
and, may represent an alternative for chronic hepatitis C
patients who are unable to tolerate pegylated α-interferon.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The safety of current treatments for chronic hepatitis C is
still under debate. Studies published to date demonstrate
that pegylated interferons (both alpha [α]-2a and α-2b) in
combination with ribavirin could eradicate the hepatitis C
virus (HCV) in 47-56% of infected subjects[1,2]. However,
a consistent number of patients experience significant
adverse events, such as severe gastrointestinal symptoms,
psychiatric disorders, dermatological symptoms, autoimmune
disorders and significant laboratory abnor malities
(neutropenia, anemia, thrombocytopenia)[3]. The severity of
these adverse events has led to treatment discontinuation
in both controlled trials and in clinical practice. In the first
clinical trial [1] of pegylated interferon (PEG-IFN) α-2b
with ribavirin, side effects prompted withdrawal of therapy
in 13-14% of patients. In the first clinical trial of PEGIFNα-2a with ribavirin[2], 22% of patients treated with the
combination and 32% treated with PEG-IFNα-2a
alone, discontinued therapy. The discontinuation rates
reported with standard formulations of IFN-α were high.
The pivotal IFN-α-2b and ribavirin trial performed by
McHutchinson et al.[4], demonstrated a discontinuation rate
of 21% in patients treated for 48 wk.
Not surprisingly, the side effects may have pronounced
negative impact in the general population than in clinical
trial subjects; Gaeta and colleagues found that 24.5% of
patients treated with IFN-α plus ribavirin in the regular
clinical-practice setting failed to complete treatment due to
adverse events[5]. Therefore, safe and effective alternatives
to IFN-α could be of value to patients who cannot tolerate
PEG-IFN.
Previous pilot studies have shown that IFNβ-1a is
effective in HCV eradication[6] and its use is safe and well
tolerated[7,8]. A trial was performed in patients resistant to a
previous treatment with IFN-α treated with recombinant
human interferon (IFN) β-1a at different schedules
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(up to 24 MIU every d for 48 wk) but it failed to induce a
significant response rate. A post hoc analysis was performed
to stratify the patients according to the race and it showed
a sustained virological responses of 21.7% in the Chinese
subjects enrolled in the trial[9].
In this open clinical trial, we investigated the safety and
efficacy of subcutaneous r-hIFNβ-1a alone or in combination
with ribavirin in the treatment of chronic hepatitis C patients
naïve to therapy.

MA
TERIALS AND METHODS
MATERIALS
Study design
Using a 4-block, centralized randomization list, patients
were randomly assigned to receive r-hIFNβ-1a 6 MIU/d
(22 µg/d) subcutaneously for 24 wk, either alone
(Group 1, n = 51) or in combination with ribavirin
(Group 2, n = 51).
Ribavirin was given at a dose of 1 000 mg/d (five capsules)
to patients weighing less than 70 kg and 1 200 mg/d (six capsules)
to those weighing 70 kg or over.
Randomized patients who withdrew from the study
without taking the first treatment dose were substituted.
Patients who withdrew from the study after receiving the
first treatment dose were not substituted and were
considered as dropouts.
Patient selection
Patients from six tertiary centers in Italy were recruited.
Subjects were eligible for inclusion in the trial if they met
the following criteria: age between 18 and 70 years; positive
serum anti-HCV and HCV-RNA tests; no previous therapy
with IFN; alanine-aminotransferase (ALT) level more
than 1.5 times the upper normal limit, on two different
assessments in the past 12 mo and at the screening visit;
and a liver biopsy performed within 36 mo prior to
enrollment consistent with a diagnosis of chronic hepatitis
C without cirrhosis.
Patients were excluded if they had leukopenia (less than
3.0×10 9/L), neutropenia (less than 1.5×109/L), anemia
(hemoglobin less than 12 g/dL in women and 13 g/dL in
men), thrombocytopenia (less than 100×10 9/L), serum
albumin less than 30 g/L, total bilirubin more than three
times the upper normal limit, other significant hepatic
diseases (including HBV infection), psychiatric disorders
requiring treatment, or serious chronic diseases (including
tumors and HIV infection). Patients were also excluded if
they had received antiviral or immunosuppressive drugs
during 6 mo preceding inclusion in the study. Females
were included if they were pregnant or breast-feeding,
and were not considering childbearing for the entire
treatment period.
The therapeutic protocol was approved by the local
ethical committee and the study was carried out according
to the 1975 Declaration of Helsinki and Good Clinical
Practice guidelines. All patients provided written informed
consent before treatment was initiated.
Assessment of efficacy
Quantitative viremia was assessed at baseline to allow patient
classification on the basis of viral load. A cut-off limit of
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800 000 IU/mL (corresponding to 2 million copies/mL) was
used to classify patients as having either low or high viral
counts. From the fourth week of treatment to the end of
follow-up, the virologic assessment was performed using
qualitative viremia. Evaluations were performed using a
polymerase chain reaction (PCR) assay (Cobas Amplicor
HCV test, version 2.0; Roche Diagnostics, Basel, Switzerland;
lower limit of detection 100 copies, corresponding to
40 IU/mL).
The trial endpoints were: (1) the rate of sustained
virological responses (SVR); (2) the percentage of patients
with normal aminotransferase levels at 24 wk of treatment
(wk 24) and 24 wk post-treatment (wk 48); and (3) the safety
and tolerability of r-hIFN β-1a alone or in combination
with ribavirin.
Data were evaluated using an intention-to-treat analysis
and included all subjects who received at least one treatment
dose. Patients were considered as sustained virologic responders,
if the qualitative serum HCV-RNA test performed 24 wk
post-treatment (wk 48) was negative. Patients treated with
r-hIFNβ-1a alone were withdrawn from the trial if HCV
viremia persisted after 12 and 18 wk of treatment.
Safety assessment
Patients were examined at baseline, after 4, 8, 12, 18, and
24 wk of treatment and at wk 12 and 24 post treatment.
Routine laboratory tests, and autoantibody and IFN-β binding
antibody (BAB) assessments were performed at each visit.
The following autoantibody evaluations were conducted
at the coordinating center: ANA (anti-nuclear), AMA
(anti-mitochondrial), ASMA (anti-smooth muscle), LKM
(anti-liver/kidney microsome type 1), APC (anti-parietal
cells), ABBA (anti-brush border), MT (anti-thyroid
microsomal), TGA (anti-thyroglobulin), MB (anti-basement
membrane of tubule/glomerular), R1 (anti-R1 type reticulin)
and R2 (anti-R2 type reticulin). Autoantibodies were tested
by indirect immunofluorescence on murine liver, kidney
and stomach and human thyroid. IgA, IgG, and IgM were
detected with fluorescein isothiocyanate[10]. BABs were
determined using a radioimmunobinding assay (RIBA)[11].
In cases of grade III adverse events (according to the
WHO classification), the dose of r-hIFNβ-1a was reduced
to 3 MIU/d. If anemia occurred, the dose of ribavirin was
reduced according to the investigator’s judgment.
Statistical analysis
Statistical analyses and data processing were performed using
SAS software (version 8 for Windows). Both descriptive
analyses and inferential tests were used to analyze the data.
The significance level of all tests was set at 5%. The baseline
characteristics of the two groups were compared using ttest and χ2 test. χ2 test was used to evaluate the significant
difference between two treatment groups for end-oftreatment response rate (ETR), SVR rate, and ALT/AST
normalization. Logistic regression model was used to
evaluate the SVR rate adjusting the ORs for factors
predictive of treatment response, like viral levels, genotype,
class of age, etc.
The proportion of patients in each treatment group
experiencing at least one adverse event that was likely related
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to the study drug(s) was compared using the χ2 test.

RESUL
TS
RESULTS
Patient characteristics
One-hundred-and-eight patients were enrolled from May
29, 2000 to June 1, 2001. One-hundred-and-two met the
inclusion criteria and were randomized to one of the two
study groups: 51 patients received r-hIFNβ-1a alone and
51 received r-hIFNβ-1a in combination with ribavirin. Of
the six subjects not admitted into the trial (i.e., not included
in the intention-to-treat analysis), two did not meet the
inclusion criteria and four refused to sign the informed
consent form.
The baseline characteristics were similar in the two groups
(Table 1). Twenty-one patients (41.1%) in Group 1 and 24
(47%) in Group 2 had high viral levels. Thirty-one patients
(60.8%) treated with r-hIFNβ-1a alone and 33 (64.7%)
treated with combination therapy were infected with HCV
genotype 1.
Table 1 Summary of demographic and clinical characteristics at
baseline

Patients (n)
Sex (M/F)
Mean age (yr) ± SD
Hemoglobin (g/dL)
Platelets (×109/L)
Leukocytes (×109/L)
ALT (mean±SD)
HCV-RNA quantitation (Meq/mL)
Low viremia
High viremia
Undetermined
Genotype
1
2
3
4
Undetermined

Group 1

Group 2

51
29/22
45±11.7
14.8±1.3
195.9±45
6.7±1.4
142.7±86.2

51
36/17
43.9±9.0
15±1.3
203.9±54
6.8±1.9
123.2±78.7

27
21
3

23
24
4

31
6
12
2
0

33
8
8
1
1
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patients negative for viremia at the end of the treatment
period (P = 0.2138) or at the completion of follow-up
(wk 48) (P = 0.4898).
Multivariate analysis showed that genotype (OR = 0.39;
95%CI, 0.21-0.72; P = 0.0025) and baseline viremia level
(OR = 2.1; 95%CI, 1.17-3.96; P = 0.0141) were factors
predictive of response. Among patients with genotype 1,
the rate of response was 12.9% (4/31) in Group 1 and
12.1% (4/33) in Group 2, respectively vs 35% (7/20) in
Group 1 and 52.9% (9/17) in Group 2 patients with
genotype non-1 (NS, Table 3). The genotype was not
determined in one patient in Group 2 who responded to
therapy.
Among subjects with high viral loads, the response rate
was 4.8% (1/21) and 16.6% (4/24) in Groups 1 and 2,
respectively, compared to 33.3% (9/27) and 34.8% (8/23) in
patients with low viremia in Groups 1 and 2, (P = 0.2972,
Table 4). The viral load was not determined in three patients
in Group 1 and four patients in Group 2.

Table 3 Rate (number responding/total treated) of patients with
negative viremia after the 24-wk post-therapy follow-up according
to genotype
1
r-hIFN β-1a

12.9%
(4/31)
12.1%
(4/33)

r-hIFN β-1a + ribavirin

Non-1
35.0%
(7/20)
52.9%
(9/17)

Not
determined

–
(1/1)

Between group difference not significant.

Table 4 Rate (number responding/total treated) of patients with
negative viremia after the 24-wk post-therapy follow-up according
to viral load (cut-off 800 000 IU)
Low
r-hIFN β-1a

33.3%
(9/27)
34.8%
(8/23)

r-hIFN β-1a + ribavirin

High
4.8%
(1/21)
16.6%
(4/24)

Not determined

(1/3)
(2/4)

Between group difference, P = 0.2972.

Virologic response
After 12 wk of treatment, 41.2% (21/51) of patients in
Group 1 and 47.1% (24/51) in Group 2 showed clearance
of serum HCV-RNA (Table 2). By the end of the treatment
period (wk 24), the response rate had diminished to 29.4%
(15/51) and 41.2% (21/51) in Groups 1 and 2, respectively.
After the 24-wk post-therapy follow-up (wk 48), 11
patients (21.6%) in Group 1 and 14 (27.4%) in Group 2
maintained a SVR . There was no statistically significant
difference between the two groups in the percentage of

Biochemical response
At the end of the treatment period, 27.5% of patients
(14/51) in Group 1 and 39.2% (20/51) in Group 2 exhibited
normal aminotransferases associated with a virologic
response. At the end of the follow-up period (wk 48),
21.6% (11/51) and 25.5% (13/51) of patients in Groups
1 and 2, respectively, maintained normal aminotransferase
levels; the χ2 test showed no significant difference between

Table 2 Rate (number responding/total treated) of patients with negative viremia during the course of the trial
Screening
r-hIFN β-1a

T4

T8

T12

T18

T24

T48

0

18

16

21

16

15

11

(n = 51)
r-hIFN β-1a + ribavirin

(0%)
0

(35.3%)
13

(31.4%)
22

(41.2%)
24

(31.4%)
21

(29.4%)
21

(21.56%)
14

(n = 51)

(0%)

(25.5%)

(43.1%)

(47.1%)

(41.2%)

(41.2%)

(27.45%)

Pellicano R et al. Interferon-beta and Hepatitis C virus

treatment groups (P = 0.2076 at wk 24; P = 0.6406 at
wk 48). Three patients showed abnor mal levels of
aminotransferase despite the clearance of HCV-RNA in
serum, possibly due to concomitant steatohepatitis.
Among the patients who remained viremic, 22.2%
(8/36) of those in monotherapy and 36.6% (11/30) of
those in combination treatment exhibited nor mal
aminotransferase levels at the end of therapy (P = 0.1969);
Of these patients, 17.5% (7/40) in Group 1 and 37.8%
(14/37) in Group 2 maintained normal levels at wk 48
(P = 0.0453).
Safety evaluation
Ninety-nine of the one hundred and two patients enrolled
completed treatment according to protocol. Drug
discontinuation due to adverse events occurred in three (all
in the combination therapy group) of the 102 patients. One
patient stopped treatment due to the incidental discovery
of ovarian cancer (not related to the study drugs). In the
remaining two cases, treatment was discontinued due to
depression and acute psychosis; both events were considered
to be related to therapy.
At each time-point of the study, between 86.4% and
100% of patients received the expected doses of IFN-β
and ribavirin according to protocol. No patient failed to
complete the study due to poor compliance.
In patients treated with combination therapy, the mean
hemoglobin level dropped from 14.9 to 12.6 g/dL, while in
Group 1 from 14.8 to 14.3 g/dL. Treatment interruptions
or dose reductions were not required in any subject. In patients
treated with monotherapy, there was a mean drop in platelet
count from 195.9±45×10 9/L to 175.0±41.5×10 9/L; in
Group 2, there was a mean increase from 204.1±54.0×109/L
to 206.1±66.4×109/L. The leukocyte count dropped from
6.7±1.4×109/L to 5.8±1.3×109/L and from 6.7±1.9×109/L
to 5.2±1.8×109/L in Groups 1 and 2, respectively.
Thirty-seven percent of subjects (19/51) treated with
IFN-β and 49% (25/51) of those in Group 2 reported at
least one mild adverse event during the study (Table 5).
The difference between the two groups was not significant.
Only mild titer increases of pre-existing autoantibodies
were observed. Compared to baseline, ANA increased in
two patients and decreased in one; ASMA decreased in two
cases and MT as well as MB increased in one patient. None
of the patients developed autoimmune disease.

Table 5 Adverse events possibly or probably related to study
treatment, occurring with a frequency higher than 5%
r-hIFN β-1a
(n = 24, %)

r-hIFN β-1a + ribavirin
(n = 35, %)

Fatigue

4 (16.7)

4 (11.4)

Pyrexia

2 (8.3)

6 (17.1)

Anemia

0 (0.0)

6 (17.1)

Erythema

4 (16.7)

2 (5.7)

Headache

4 (16.7)

0 (0.0)

Thrombocytopenia

3 (12.5)

0 (0.0)

Neutropenia

0 (0.0)

2 (5.7)

Depression

2 (8.3)

0 (0.0)

Insomnia

0 (0.0)

2 (5.7)

Weight loss

0 (0.0)

2 (5.7)
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BABs developed in 11 patients (12%) and usually
appeared within 8 to 12 wk of treatment; titers ranged
between 5.0 and 20 AU in three of these patients and were
less than 5.0 AU in eight patients. There was no difference
between Group 1 and Group 2 with regards to BAB
development and no correlation was found between BABs
development and response to treatment.

DISCUSSION
In contrast to the variety of IFN-α, of which there are 25
subtypes with molecular weights ranging from 17.5 to
23 ku[12], only one type of IFN-β has been identified in
human beings. Though its amino-acid sequence differs from
IFN-α by as much as 70%, IFN-β shares many antiviral
properties of interferon alpha, thereby providing an
alternative treatment for chronic hepatitis C.
Three forms of IFN-β are available: (1) the fibroblastderived natural IFN-β[13]; (2) the r-hIFNβ-1a produced by
mammalian cells (identical to the IFN-β naturally occurring
in humans); and (3) r-hIFNβ-1b produced by E. coli. The rhIFNβ-1a formulation was chosen for this study as it offers
several advantages over the other two: it can be produced
in unlimited quantities by bioengineering techniques, its
batch-to-batch consistency and purity allows for dosage by
mass instead of international units, and it is identical to the
IFN-β naturally occurring in human beings but more potent
and less immunogenic[14].
Previous experience with IFN-α indicates that the
efficacy of these agents is related to the frequency of
administration. Therefore, the rationale behind the newest
pegylated formulation is that a more steady and sustained
release of IFN-α is more effective than the thrice-a-week
administration.
The pharmacokinetic data obtained with natural IFN-β
have demonstrated the significant bioequivalence of the
intramuscular, intravenous, and subcutaneous routes of
administration[15]. Therefore, we have chosen to administer
the cytokine via the more convenient subcutaneous route.
Since the safety of r-hIFNβ-1a in combination with ribavirin
has not been previously determined, a 6- rather than 12-mo
course of therapy was selected for this initial study.
PEG-IFN with ribavirin is currently the gold standard
for the treatment of chronic hepatitis C. Though less
efficacious than PEG-IFN, that consents to achieve 47-56%
of SVR[1,2], our findings suggest that r-hIFNβ-1a alone or
in combination with ribavirin, is as effective as conventional
non-PEG-IFNα. The overall 21.6% and 27.5% SVR rates
achieved in our patients treated with r-hIFNβ-1a alone or
in combination with ribavirin, respectively, are comparable
to the 6-13% and 31-38% response rates reported with the
use of IFNα-2b alone or in combination with ribavirin,
respectively, for 24-48 wk[4].
In both treatment groups, viral response rates were
higher at 12 wk of therapy than at the end of the treatment
period (wk 24). A possible reason for this decrease, which
was more pronounced in Group 1, could be the low dosage
of IFN-β used in this trial. Analogous to the results of
previous IFN-α studies that assessed the efficacy of IFN
monotherapy vs the association of the same IFN with
ribavirin, combination therapy in this trial yielded better
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results for both virologic and biochemical endpoints
compared to IFN-β monotherapy.
The major factors influencing the response rate in
clinical trials of IFN-α were the genotype of the infecting
HCV and the level of baseline viremia: genotype 1 and
high viremia were associated with a reduced response,
while genotypes 2 or 3 and low viremia had a higher
response. This was also the case with r-hIFNβ-1a; the
end-of-treatment virologic and biochemical response rates
were significantly higher in our patients of genotype 2-3
and low viremia, compared to those with genotype 1 and
high viremia.
The use of ribavirin, as well as prolongation of IFN
treatment up to 48 wk (instead of 24 wk), not only enhances
the therapeutic response, but also decreases the relapse rate
after the end of treatment. This effect is negligible in patients
with easy-to-treat HCV genotype 2 or 3, for whom 24 wk
of IFN is sufficient to achieve a maximal SVR. On the
other hand, subjects infected with HCV genotype 1 achieve
a higher SVR rate after 48 wk of therapy when compared
to 24 wk (despite similar end-of-treatment virological response
rates after 24 and 48 wk of treatment). Unfortunately, this
effect could not be evaluated in the present study, which
was designed to provide a 24 wk course of treatment.
In fact, several post-therapy relapses occurred in HCVgenotype 1 patients treated with combination therapy for
6 mo, resulting in an off-therapy response rate distinctly
lower than that achieved upon completion of treatment.
The overall safety profile of r-hIFNβ-1a, both alone
and in combination with ribavirin, was remarkably favorable.
Compared to previous IFN-α data, the drop-out rate in our
study was low (0/51 [0%] in Group 1 and 3/51 [5.9%] in
Group 2) and was due primarily to two patients who
withdrew from the study as a result of treatment-related
psychiatric problems.
In contrast to the 2% of patients treated with IFN-α
who had developed autoimmune disorders[16], none of our
patients treated with r-hIFNβ-1a developed clinical features
of autoimmune diseases. Further more, systematic
autoantibody monitoring failed to demonstrate the
emergence of autoimmune reactivities during therapy or
significant titer increases of pre-existing autoantibodies.
Likewise, IFN-β BAB titers rose in only 12% of our patients;
these increases were in the low titer ranges and were not
clinically significant.
Decreases in WBC and platelet counts observed in the
present study (two patients on combination therapy and
three subjects on IFN monotherapy respectively) were not
clinically relevant to induce discontinuation of therapy. On
the contrary, IFN-α led to higher reductions in WBC and
platelet counts that are often responsible for premature
termination of therapy. The fall in hemoglobin level noted
in our patients treated with combination therapy was expected
as it is a well-recognized, side-effect of ribavirin[17].
In conclusion, the satisfactory therapeutic effects and
excellent tolerability profile of r-hIFNβ-1a could represent
a treatment option for patients with chronic hepatitis C
who cannot tolerate PEG-IFNs. IFNβ-1a may also be
used as initial therapy in subjects at high risk of significant
side effects with IFN-α treatment. Future studies should
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evaluate the efficacy and safety of r-hIFNβ-1a in
subpopulations of patients with chronic hepatitis C and
cirrhosis or cryoglobulinemia.
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Abstract
AIM To examine the fetal and neonatal esophagogastric
junction region (EGJ) histologically for the presence of an
equivalent to adult cardiac mucosa (CM); to study the
expression patterns of all cytokeratins (CK) relevant to
the EGJ during gestation; to compare the CK profile of
the gestational and the adult EGJ; and to determine the
degree of development in the adult EGJ histology and CK
profile during gestation.
METHODS: Forty-eight fetal autopsy specimens of the
EGJ were step-sectioned and stained with hematoxylin
and eosin (H&E) to select sections showing the mucosal
lining. Immunohistochemistry for CK5, 7, 8, 13, 18, 19,
and 20 was performed. Antibody staining was then graded
for location, intensity, and degree.
RESULTS: The distal esophagus was lined by simple
columnar epithelium from 12-wk gestational age (GA).
The proximal part of this segment consisted of mucusproducing epithelium, devoid of parietal cells. CK5 and 13
were present exclusively in multilayered epithelia and CK8,
18, and 19 predominantly in simple columnar epithelium.
There were no differences in the frequencies of the coordinate CK7+/20+ and the CK7-/20- immunophenotypes
between different locations. The prevalence of the CK7+/
20- immunophenotype decreased, and that of the CK7-/
20+ immunophenotype increased significantly from the
distal esophagus to the distal stomach.
CONCLUSION: Fetal columnar-lined lower esophagus
(fetal CLE) may be the equivalent and precursor of the
short segments of columnar epithelium found in the distal
esophagus of some normal adult subjects. Esophageal
simple columnar epithelium without parietal cells (ESN)
may be the precursor of adult CM. The similarities between
the fetal and adult EGJ and stomach CK expression patterns
support the conclusion that adult CM has an identifiable
precursor in the fetus. This would then indicate that at

least a part of the adult CM has a congenital origin.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Cardiac mucosa; Origin; Fetal autopsy; Barrett’s
CK7/20 pattern
De Hertogh G, Van Eyken P, Ectors N, Geboes K. On the origin
of cardiac mucosa: A histological and immunohistochemical
study of cytokeratin expression patterns in the developing
esophagogastric junction region and stomach. World J
Gastroenterol 2005; 11(29): 4490-4496

http://www.wjgnet.com/1007-9327/11/4490.asp

INTRODUCTION
Since the mid-1970s, there has been a continuing increase
in the incidence of gastric cardiac adenocarcinoma in the
USA and other Western countries[1]. This increase is probably
genuine, because it cannot be explained by improved
diagnostic methods or classification changes [2]. The
pathogenesis of gastric cardiac adenocarcinoma remains
unclear. These tumors may arise from foci of intestinal
metaplasia, secondary to inflammation of the gastric cardia
(carditis)[3]. It is controversial, however, whether factors like
gastroesophageal reflux disease, Helicobacter pylori infection
or others contribute to the development of inflammation
and intestinal metaplasia in the cardia region[4,5]. Research
on this topic is hampered by the limited knowledge of the
normal histology of the esophagogastric junction region
(EGJ). There is no consensus on the normal histology,
location, and length of cardiac mucosa (CM). Histological
investigation of hematoxylin and eosin (H&E)-stained
sections of the EGJ in adults and children has led some
investigators to suggest that CM is actually a metaplasia[6-9].
Others, however, support the concept that CM is present
from birth as a normal structure[10-14].
Immunohistochemical investigation of the cytokeratin
(CK) profile in the EGJ can be used for the study of the
origin of adult CM. The keratins are the largest group of
intermediate filament proteins expressed by epithelial cells.
There are at least 30 different keratins, which are divided
into two types. CK filaments are obligate heteropolymers
composed of type I and type II proteins. Keratins are
typically expressed as pairs in a tissue- and differentiationspecific manner. In 1999, Ormsby et al., described a CK7
and 20 immunoreactivity pattern typical for intestinal
metaplasia in long-segment Barrett’s esophagus (LSBE)[15].
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This pattern consists of superficial CK20 staining and strong
CK7 staining of both superficial and deep glands. It has
been claimed by the same group that Barrett’s CK7/20
pattern also identifies a subset of patients with suspected
short-segment Barrett’s esophagus (SSBE) who have a patient
profile similar to that seen in LSBE [16]. Glickman et al.,
reported that intestinal metaplasia of the EGJ shows a similar
pattern of CK7/20 reactivity as LSBE and SSBE. They
also found that non-intestinalized CM was diffusely positive
for CK7 and showed surface positivity only for CK20,
irrespective of its location in LSBE, SSBE or in the most
proximal portion of the stomach. This CK7/20 staining
pattern was clearly different from that seen in the normal
antrum. According to these authors, the results suggest that
CM, whether present in the esophagus or at the EGJ, may
already represent a form of metaplastic epithelium [17].
DeMeester et al., found the Barrett’s CK7/20 pattern in
85% of CM biopsies[18]. On the basis of these and other
findings, they conclude that there is a strong evidence but
no conclusive proof that all CM is acquired.
We have earlier done a histological study on mucosal
development in the EGJ of embryos and fetuses[19]. In this
study, CM was defined as a structure composed of columnar
foveolar and surface epithelium overlying glandular structures
containing no parietal cells. We found that CM develops
during pregnancy and we concluded that it is present at
birth as a normal structure. The description of the Barrett’s
CK7/20 pattern in adult CM and the fact that this finding
has been used to claim a metaplastic origin for CM have
urged us to examine our material for the presence of
Barrett’s CK7/20 pattern. In addition, we studied the
expression patterns of all other CKs relevant to the EGJ
during gestation.

MA
TERIALS AND METHODS
MATERIALS
Study group
The study material was derived from 48 embryonic, fetal
and neonatal autopsies performed between August 1999
and March 2004 in Leuven University Hospital Gasthuisberg.
All autopsies were performed between 6 and 24 h after
death. The presence of congenital malformations involving
the gastrointestinal tract was considered as an exclusion
criterion.
Autopsy protocol
At autopsy, a careful in situ examination of the EGJ was
carried out. A hiatus hernia was absent in all cases. About
1 cm of the distal esophagus and the whole stomach were
excised together as a single piece, with a ring of diaphragmatic
muscle. Two specimens were snap-frozen in isopentane,
cooled by liquid nitrogen and stored at -80 . The other
specimens were opened along the greater curvature or
transversely and fixed overnight in 10% neutral-buffered
formalin. The fixed specimens were routinely processed
and embedded in paraffin.
Histology
Five-micrometer-thick step sections of all cases were stained
with H&E and evaluated microscopically to select sections

4491

showing the EGJ mucosae. The number of sections selected
varied between 10 and 40.
The epithelial lining of the EGJ was classified into five
types according to Salenius[20] and Chandrasoma[21]. Foregut
embryonic epithelium was defined as pseudostratified
columnar epithelium consisting of undifferentiated cells;
esophageal ciliated epithelium as multilayered epithelium
covered by ciliated cells; esophageal squamous epithelium
as non-keratinizing multilayered squamous epithelium;
esophageal simple columnar epithelium without parietal cells
(ESN) as simple columnar epithelium which is either flat or
shows crypts, but is devoid of parietal cells; and esophageal
simple columnar epithelium with parietal cells (ESP) as
simple columnar epithelium with crypts and parietal cells.
The following parameters were measured at four evenly
spaced points along the esophageal perimeter: length of
abdominal esophagus (defined as the distance between the
upper rim of the attachment of the diaphragm to the
esophagus and the level of the angle of His); length of
esophagus lined by simple columnar epithelium (defined as
the distance from the squamocolumnar junction to the level
of the angle of His); and length of ESN. These distances
were measured along the mucosal surface using a calibrated
graticule in the eyepiece of a Leitz DMRB microscope
(objectives: Fluotar, eyepieces: L PLAN 10×/25).
Cytokeratin immunohistochemistry
Serial sections were immunostained with mAbs for CK5, 7,
8, 13, 18, 19, and 20. Murine mAbs against human CK7,
18, 19, and 20 were purchased from DakoCytomation
(Glostrup, Denmark); mAbs against CK5, 8, and 13 were
purchased from Novocastra Laboratories (Newcastle upon
Tyne, UK, Table 1). After standard avidin-biotin-peroxidase
complex immunostaining, all slides were counterstained with
hematoxylin. Positive controls consisted of sections from
prostate (CK5, 18, and 19), bile duct (CK7 and 8), tonsil
(CK13), and ileum (CK20). Negative controls consisted of
slides without application of primary antibody.
Antibody staining was graded for location, intensity
(absent, weak, moderate, or strong) and degree (focal = <50%
of epithelium, diffuse = 50% of epithelium) and compared
with controls. The coordinate CK7/CK20 pattern was
defined as CK7 positivity at least in surface and pit cells,
and CK20 positivity at least in surface cells. The slides were
scored independently by two of the authors (GDH and
KG), and differences in interpretation were resolved by
consensus at a multihead microscope.
Statistical analysis
The Pearson correlation coefficient r was calculated to
investigate the degree of linear relationship between two
continuous variables. A Fisher’s r to z transformation was
carried out on the correlation allowing the calculation of a
P-value for the null hypothesis that the correlation was equal
to zero. The ANOVA test was used to study the effect of a
nominal independent variable on a continuous dependent
variable. To detect relationships between two nominal
variables, the χ2 test or the Fisher’s exact test was used,
wherever appropriate. P values <0.05 were considered
significant.
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Figure 1 Foregut embryonic epithelium as seen in the esophagus and stomach
at 7-wk GA. Note the presence of depressions in the epithelial surface
(arrowheads): these may be primitive pits. The immunostaining is for CK19 and
shows diffuse moderate to strong positivity (original magnification, OM ×400).

RESUL
TS
RESULTS
Study group characteristics
Of the 48 autopsy specimens included in this study, 9 were
rejected because of epithelial dehiscence, delocalization and
fragmentation due to autolysis. The remaining 39 autopsy
specimens belonged to 1 embryo of 7 wk gestational age
(GA), 35 fetuses (GA: range 12-30 wk, mean±SD: 20±4 wk)
and 3 neonates (of 38, 40, and 43 wk GA) (Table 1).
Histology
At 7 wk GA, both esophagus and stomach were lined by
foregut embryonic epithelium, which contained depressions
surrounded by radially placed cells along the lesser curvature
of the stomach (Figure 1).
The distal end of the esophagus was located at the level
of the angle of His. This anatomic boundary between the
tubular esophagus and the saccular stomach was easily
identifiable in the microscopy slides of all cases from 12-wk
GA (Figure 2). At this time point, the tubular esophagus
was lined by ciliated epithelium (Figure 3A), except in its
most distal part. With advancing pregnancy, the ciliated
epithelium was progressively replaced by squamous epithelium.
Ciliated cells were absent from 40 wk GA (Figure 3B).
The distal esophagus was lined by simple columnar
epithelium from 12-wk GA. This segment was between
0.480 and 7.505 mm in length (mean±SD: 2.185±1.619 mm).
Its length increased significantly during gestation (r = 0.344,
P = 0.0494), as did the length of the abdominal esophagus
(r = 0.540, P = 0.0025). The length of esophageal simple
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Figure 2 Overview of the fetal EGJ at 20-wk GA. The upper border of the
abdominal esophagus is indicated by a red arrowhead. The angle of His (the
anatomic boundary between the tubular esophagus and the saccular stomach)
is easily recognizable (arrow). The distal end of the esophagus is located at the
level of the angle of His. Esophageal simple columnar epithelium is present in
the distal esophagus (indicated by black arrowheads at its proximal and distal
margins, H&E, OM ×125).

columnar epithelium expressed as a percentage of length
of the abdominal esophagus ranged between 21.569 and
100.000% (mean±SD: 50.884±18.259%). This percentage
remained nearly constant during gestation (r = -0.140,
P = 0.4815).
Throughout gestation, esophageal simple columnar
epithelium could be divided into two parts (Figure 3C). The
distal part contained parietal cells with roughly triangular
shape and highly acidophilic cytoplasm (ESP). This segment
was continuous with the stomach fundus. The proximal part
of the esophageal simple columnar epithelium, however,
was always devoid of parietal cells (ESN). Crypts were present
over the entire length of the ESN from 16 wk GA. The length
of the ESN ranged between 0.160 and 1.308 mm (mean±SD:
0.612±0.304 mm). There was no significant difference
between the lengths of ESN at four evenly spaced points
along the esophageal perimeter (ANOVA test, P = 0.4704).
The length of ESN expressed as a percentage of total length
of esophageal simple columnar epithelium ranged between
8.120% and 91.447% (mean±SD: 38.499±24.089%). This
percentage decreased significantly during gestation (r = -0.572,
P = 0.0004).
Cytokeratin immunohistochemistry
The CK immunostaining patterns for all locations are
summarized in Table 2.
CK5 and CK13 were first detected in a fetus of 14 wk
GA. They were seen exclusively in multilayered epithelia.

Table 1 Summary of antibodies used in this study
Clone

Antigen retrieval technique1

Application of primary Ab2

CK5
CK7

XM26
OV-TL 12/30

M
T

1:50; 1 h; room temperature
1:50; 1 h; room temperature

CK8
CK13

TS1
KS-1A3

M
M

1:50; 1 h; room temperature
1:50; 1 h; room temperature

CK18
CK19

DC 10
RCK108

M
M

1:10; 1 h; room temperature
1:20; 1 h; room temperature

CK20

Ks20.8

T

1:50; 1 h; room temperature

Antigen

1

M = heat-induced antigen retrieval by boiling deparaffinized and rehydrated sections in 10 mmol/L citrate buffer (pH 6) in a microwave oven during 20 min; T = antigen
retrieval by trypsin digestion. 2Dilution; application time; application temperature.
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A

B

C

D

E

Figure 3 Tubular esophagus. A: Esophageal ciliated epithelium at 20-wk GA.
The immunostaining is for CK5 and is more intense in the basal and intermediate
cell layers than in the superficial cell layer (OM ×400); B: Esophageal squamous
epithelium in a 3-wk-old neonate. The immunostaining is for CK13 and is absent
in the basal cell layer and diffuse moderate to strong in the intermediate and
superficial cell layers (OM ×200); C: Esophageal simple columnar epithelium at
20-wk GA. To the left: parietal cells with roughly triangular shape and highly
acidophilic cytoplasm (ESP, arrowhead). To the right: no discernible parietal

cells are present (ESN, H&E, OM ×400); D: Esophageal simple columnar
epithelium at 20-wk GA. The immunostaining is for CK7 and shows moderate
positivity at the mucosal surface and deep in the glands (arrowhead and arrow,
respectively, OM ×200); E: Esophageal simple columnar epithelium at 20-wk
GA (same case as in Figure 3D). The immunostaining is for CK20 and shows
patchy positivity of the superficial part of the mucosa (surface and pit epithelium:
arrowhead and arrow, respectively, OM ×200).

CK5 staining was stronger and more diffuse in the basal
and intermediate cell layers than in the superficial cell layer
(Figure 3A). CK13 staining was diffused in the intermediate
and superficial cell layers (Figure 3B). Its staining intensity
increased significantly throughout gestation (r = 0.476 and
0.523 respectively, P<0.0001).
CK8, CK18, and CK19 were all present in foregut
embryonic epithelium (Figure 1). CK8 and CK18 staining
were less intense in multilayered epithelia than in simple
columnar epithelium. In ciliated epithelium, the basal cell
layer was more often negative for these CKs than the other
cell layers. In simple columnar epithelium, parietal cells
stained weaker for CK8 and CK19 than mucus-secreting
cells.
CK7 was first detected at 12-wk GA. Throughout
gestation, it was more commonly present in the esophagus
than in the stomach (Figure 3D). In multilayered epithelia,
basal cells were always negative. Parietal cells contained no

CK7, whereas the deepest crypt cells in the ESN were focally
and weakly positive. This was the only statistically significant
difference between the CK immunophenotypes of ESN
and ESP (χ2: P<0.0001).
CK20 was seen in the stomach from 14 wk GA and in
the esophagus from 17 wk GA (Figure 3E). It was expressed
in the surface or pit cells of simple columnar epithelia.
Expression of CK20 was always focal.
Coordinate CK7/20 expression for all locations is
summarized in Table 3. We observed no statistically significant
differences in the frequencies of the CK7+/20+ and the
CK7-/20- immunophenotypes between different locations.
The prevalence of the CK7+/20- immunophenotype decreased
significantly from proximal to distal (33% in esophageal
simple columnar epithelium vs 0% in the stomach, Fisher’s
exact test P = 0.0039). The positive predictive value of the
CK7+/20- immunophenotype for location in the esophagus
(vs location in the stomach) was 100%. The usefulness of
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Table 2 Summary of intensity and degree of CK immunostaining for all locations1
Location
Foregut embryonic epithelium (n = 1)

CK5

CK7

CK8

CK13

CK18

CK19

CK20

A

A

M (D)

A

M (D)

M (D)

A

Esophageal ciliated epithelium (n = 36)
Basal cell layer

S (D)

A

M (F)

A

A

M (D)

A

Columnar cell layer, non-ciliated cells

S (D)

M (D)

M (D)

S (D)

W (F)

M (D)

A

Columnar cell layer, ciliated cells

M (F)

M (D)

M (D)

M (D)

M (F)

M (D)

A
A

Esophageal squamous epithelium (n = 2)
Basal cell layer

S (D)

A

A

A

A

M (D)

Prickle cell layer

S (D)

W (F)

A

M (D)

A

M (D)

A

Superficial cell layer

M (D)

W (F)

A

S (D)

A

M (D)

A

Surface cells

A

M (F)

M (D)

A

M (D)

S (D)

A (1)

Pit cells

A

M (F)

M (D)

A

M (D)

M (D)

A

Deepest crypt cells

A

W (F)

M (D)

A

M (D)

M (D)

A

Surface cells

A

M (F)

M (D)

A

M (D)

S (D)

A (2)

Pit cells

A

M (F)

M (D)

A

S (D)

S (D)

A (3)

Parietal cells

A

A

M (D)

A

S (D)

M (D)

A

ESN (n = 38)

ESP (n = 38)

Stomach body mucosa (n = 38)
Surface cells

A

M (F)

M (D)

A

M (D)

M (D)

A (4)

Pit cells

A

M (F)

M (D)

A

M (D)

M (D)

A (5)

Glandular cells

A

A

M (D)

A

M (D)

M (D)

A

Surface cells

A

A

S (D)

A

M (D)

S (D)

S(F)

Pit cells

A

A

S (D)

A

M (D)

S (D)

M(F)

Glandular cells

A

A

M (D)

A

M (D)

M (D)

A

Stomach antrum mucosa (n = 10)

1
Intensity was graded as absent (A), weak (W), moderate (M), or strong (S). Degree was graded as focal (F), or diffuse (D). Degree is indicated in parentheses. (1) 4/20 cases
showed focal weak positivity. (2) 10/24 cases showed focal moderate positivity. (3) 9/23 cases showed focal moderate positivity. (4) 8/25 cases showed focal moderate
positivity. (5) 7/25 cases showed focal weak positivity.

Table 3 Summary of coordinate CK7 and 20 expression for all locations1
Location

CK7+/20- (%)

CK7+/20+ (%)

CK7-/20+ (%)

CK7-/20- (%)

Fetal CLE (n = 24)

8 (33)

6 (25)

2 (8)

8 (33)

ESN (n = 22)
ESP (n = 22)

8 (36)
4 (18)

4 (18)
5 (23)

0 (0)
3 (14)

10 (45)
10 (45)

Stomach (n = 23)
Body mucosa (n = 23)

0 (0)
0 (0)

4 (17)
3 (13)

4 (17)
5 (22)

15 (65)
15 (65)

Antrum mucosa (n = 5)

0 (0)

1 (20)

2 (40)

2 (40)

1

CK7+ is positivity at least in surface and pit cells; CK20+ is positivity at least in surface cells.

this feature was limited however, by its low sensitivity (33%).
The prevalence of the CK7-/20+ immunophenotype
increased significantly from proximal to distal (0% in ESN
vs 40% in the stomach antrum, Fisher’s exact test P = 0.0285).

DISCUSSION
In this study, we examined the histology and CK expression
patterns of the esophageal and gastric mucosae in fetuses
and neonates, using autopsy material. We believe that the
results of such a study may be relevant to the description
of the normal adult situation. This is important in view of
the current controversy on the origin and significance of
CM. Our results can be summarized as follows: (1) the
distal esophagus was lined by simple columnar epithelium
from 12-wk GA; (2) the proximal part of this segment
consisted of mucus-producing epithelium devoid of parietal

cells; and (3) the reported adult CK expression pattern was
established during gestation.
We found that the distal esophagus was lined by simple
columnar epithelium from 12-wk GA. We propose the term
“fetal columnar-lined lower esophagus” (fetal CLE) for this
condition. Fetal CLE has been mentioned only infrequently
until now. Salenius states that “The gastroesophageal limit
is by no means sudden, but the epithelial change occurs
quite abruptly. Glands typical of the esophagus are found
over a distance of a few millimeters in the cardiac area at
the junction of the esophagus and stomach.”[20] Thus, it
may be difficult to decide whether simple columnar
epithelium is actually located in the distal esophagus or in
the proximal stomach of fetuses. Ellison et al., mentioned
the presence of “the squamocolumnar junction in the tubular
esophagus proximal to the gastric dilatation” in 1 case out
of 49 fetal and pediatric autopsies. They considered this
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finding suggestive of a hiatus hernia[22]. We excluded the
presence of hiatal hernia by a careful in situ examination of
the EGJ at autopsy. In our material, fetal CLE had a length
ranging between 0.480 and 7.505 mm, with a mean of
2.185 mm. We admit that these segments of simple
columnar epithelium are very short. This might influence
the decision whether to locate the simple columnar epithelium
in the fetal esophagus or stomach. However, we are quite
sure that this simple columnar epithelium was in the distal
esophagus in our cases. We have two arguments: (1) the
angle of His, the level of which marks the distal margin of
the tubular esophagus, was always easily identifiable; and
(2) the length of esophageal simple columnar epithelium
expressed as a percentage of length of the abdominal
esophagus ranged between 22% and 100%, with a mean
of 51%. The last finding indicates that the fetal squamocolumnar junction was located definitely in the abdominal
esophagus, often mid-way between the angle of His and
the diaphragm.
The significance of fetal CLE is unclear. It is known
since 1953 that the most distal part of the adult tubular
esophagus can be lined by columnar epithelium[23]. Since
the 1970 landmark experimental report by Bremner et al.,
it has been widely accepted that adult columnar-lined
esophagus is an acquired condition in which the squamous
esophageal epithelium destroyed by gastroesophageal reflux
is replaced by columnar cells[24]. However, even normal
subjects may have short segments of columnar epithelium
within 2 cm of the proximal margin of the gastric folds[25,26].
In our material, the length of fetal CLE showed no tendency
to decrease during gestation. Moreover, its length expressed
as a percentage of abdominal esophagus length remained
nearly constant. The fetal squamo-columnar junction thus
had an almost constant position. Therefore, the possibility
exists that fetal CLE may be the equivalent (and the precursor)
of the short segments of columnar epithelium found in the
distal esophagus of some normal adult subjects. On the
other hand, we cannot formally exclude that fetal CLE may
differentiate into squamous epithelium in the esophagus and
gastric mucosa in the stomach once the gastroesophageal
sphincter is fully developed[21].
From 12-wk GA, the fetal CLE could be divided into
two parts. Parietal cells were present in the distal part, which
was continuous with the fundus part of the fetal stomach.
We call this part of the fetal CLE as ESP. ESP may be the
equivalent of oxyntocardiac mucosa, which was first
described by Chandrasoma et al.[7]. Oxyntocardiac mucosa
differs from pure oxyntic mucosa by the absence of chief
cells in the former.
The proximal part of the fetal CLE was lined circumferentially by a mucus-producing epithelium devoid of
parietal cells. We call this part of the fetal CLE as ESN.
From 16-wk GA, ESN contained crypts over its entire length
at least as deep as those in the ESP. Therefore, we assume
that mucus-secreting glandular structures devoid of parietal
cells are present proximally in the fetal CLE. This description
equates the histological definition of adult CM[4,7,8]. Consequently, we consider ESN as the equivalent (and forerunner)
of adult CM. An alternative name for ESN would thus be
“fetal CM”. Besides the histologic aspect of the epithelium,
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several other arguments are in favor of this conclusion.
Like adult CM, ESN is located between multilayered
esophageal epithelium and simple columnar epithelium with
parietal cells. Also like adult CM, it is very short (range in
our material: 0.160–1.308 mm, mean 0.612 mm)[7,8]. Even
its position in the distal esophagus cannot be objected, if
one accepts that fetal CLE may be the precursor of the
short segments of columnar epithelium found in the distal
esophagus in some normal adults. Our view on ESN is
shared by other investigators[14].
Since classical morphological techniques cannot definitely
solve the riddle of the origin of adult CM, we also investigated
the CK expression patterns of the developing EGJ and
stomach. We chose to do this for two reasons: (1) there is a
large body of literature on CK expression in the adult EGJ
mucosae, particularly on the so-called Barrett’s CK7/20
pattern[15-18]; and (2) Barrett’s CK7/20 pattern has also been
found in adult CM and this similarity to intestinal metaplastic
epithelium in Barrett’s esophagus has been used as an argument
for its metaplastic origin[17,18].
CK expression in the adult EGJ mucosae has been investigated by Glickman et al.[27]. CK13 positivity was restricted
to esophageal squamous epithelium. The basal layer of this
epithelium stained for CK19 in 90% of cases. CK7 and
CK8/18 were present focally and weakly in 61% and 18%
of cases, respectively. CK7, 8/18, 19, and 20 were present
in all biopsies of esophageal columnar and gastric cardiac
epithelium. CK20 was only seen in columnar epithelia, where
it was present in all cases. The CK expression pattern of
adult ciliated respiratory epithelium has been studied by
Hicks et al.[28]. Basal cells typically stained for CK5, and
columnar cells were positive for CK7, 8, and 18. CK19 was
positive in both cell types. CK13 expression was not detected.
We observed similar CK expression patterns in the fetal
EGJ mucosae. The only notable difference from the adult
situation was the initially weak expression of CK13 in
multilayered epithelia. However, CK13 immunostaining
increased significantly throughout gestation. This finding may
be related to the maturation of ciliated into squamous
esophageal epithelium.
The co-ordinated CK7/20 immunophenotypes of the nonintestinalized mucosae of the adult EGJ and stomach have
been described and illustrated in several publications[29-31].
From these data, it seems that in general CK7 positivity is
more common and more extensive in CM than in gastric
body or antrum mucosa. Conversely, CK20 positivity is
more intense and more widespread in the stomach. These
observations are concordant with our findings showing that
the prevalence of the CK7+/20- immunophenotype
decreases significantly from fetal CM to fetal antrum, while
the prevalence of the CK7-/20+ immunophenotype increases
significantly in the same direction.
The fetal CK7+/20+ immunophenotype in the esophagus
is illustrated in Figures 3D and E, showing patchy superficial
CK20 positivity and superficial and deep CK7 positivity.
This pattern is similar to the expression reported in nonintestinalized CM by DeMeester et al. [18]. The patchy
superficial CK20 positivity is slightly different from the adult
Barrett’s CK7/20 pattern. Ormsby et al., studied CK7/20
expression in LSBE. They described the Barrett’s CK7/20
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pattern as band-like (i.e., diffuse) CK20 staining of surface
epithelium and superficial glands, with moderate to strong
CK7 staining of both superficial and deep glands in the
specialized mucosa[15,16].
The fetal equivalent to adult CM thus shows already
co-ordinated CK7/20 expression (in our material in 25%
of cases). Together with the other similarities between the
fetal and adult EGJ and stomach CK expression patterns,
this supports the conclusion that a cardia-type mucosa is
established during gestation. This would then indicate that
at least a part of the adult CM has a congenital origin.
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Abstract
AIM: The origin of putative liver cells from distinct bone
marrow stem cells, e.g. hematopoietic stem cells or
multipotent adult progenitor cells was found in recent
in vitro studies. Cell culture experiments revealed a key
role of growth factors for the induction of liver-specific
genes in stem cell cultures. We investigated the potential
of rat mesenchymal stem cells (MSC) from bone marrow
to differentiate into hepatocytic cells in vitro. Furthermore,
we assessed the influence of cocultured liver cells on
induction of liver-specific gene expression.
METHODS: Mesenchymal stem cells were marked with
green fluorescent protein (GFP) by retroviral gene
transduction. Clonal marked MSC were either cultured
under liver stimulating conditions using fibronectin-coated
culture dishes and medium supplemented with SCF, HGF,
EGF, and FGF-4 alone, or in presence of freshly isolated
rat liver cells. Cells in cocultures were harvested and GFP+
or GFP- cells were separated using fluorescence activated
cell sorting. RT-PCR analysis for the stem cell marker
Thy1 and the hepatocytic markers CK-18, albumin, CK-19,
and AFP was performed in the different cell populations.
RESULTS: Under the specified culture conditions, rat MSC
cocultured with liver cells expressed albumin-, CK-18,
CK-19, and AFP-RNA over 3 weeks, whereas MSC cultured
alone did not show liver specific gene expression.
CONCLUSION: The results indicate that (1) rat MSC from
bone marrow can differentiate towards hepatocytic
lineage in vitro, and (2) that the microenvironment plays
a decisive role for the induction of hepatic differentiation
of rMSC.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The existence of putative liver stem cells in the bone marrow
was first demonstrated by Petersen et al., who showed that
bone marrow cells transplanted into lethally irradiated mice
engrafted in the recipient’s liver differentiated into liver
stem cells (oval cells) or mature liver cells (hepatocytes)[1].
These in vivo results were confirmed by mouse experiments[2]
and in patients who received a bone marrow transplantation
or peripheral blood stem cell transplantation for
hematological disorders[3-5]. Furthermore, Lagasse et al.,
found liver-specific gene expression and function in
FACS-sorted mouse hematopoietic stem cells (HSC, KTLS
cells: c-kithigh, thy1+/–, linneg, sca-1+) after transplantation into
FAH-deficient mice[6]. Recent studies in the same animal
model indicated that cells observed in the recipients’ liver
after stem cell transplantation bearing donor markers and
liver specific markers were rather a product of cell fusion
than of a real “transdifferentiation”[7,8]. However, variable
data concerning cellular fusion vs transdifferentiation as
the mechanism of liver-like differentiated cells derived
from bone marrow were found in other animal models:
Engraftment of human albumin producing cells in livers
of NOD/SCID recipient mice was obser ved after
xenogeneic transplantation of human hematopoietic or
umbilical cord blood stem cells. However, fusion events
were not ruled out[9]. In contrast to these results, two studies
using similar settings found liver specific differentiation of
the transplanted cells occurring without any evidence of
cell fusion events after transplantation of human sorted
CD34+ or unsorted mononuclear cord blood cells into
NOD/SCID mice[10,11]. These results were supported by a
recent report of Jang et al.[12], showing conversion of HSC
into viable hepatocytes in vitro and in vivo, notably without
any cell fusion.
Several in vitro studies suggested the differentiation
potential of various types of bone marrow cells/stem cells
towards hepatocytic cells under appropriate culture
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conditions. Oh et al., found an expression of the liver specific
genes alpha-fetoprotein (AFP) and albumin in cultures of
unsorted rat bone marrow cells after 21 d. The liver specific
gene expression was induced by hepatocyte growth factor
(HGF) and was mediated by the expression of its receptor
c-met[13]. The expression of liver specific genes (albumin,
cytokeratins (CK)) in cultured human CD34-positive
hematopoietic stem cells or mononuclear cord blood cells
was also demonstrated to be induced by HGF in culture[14,15].
From cultures of mature hepatocytes it is known that
important stimuli for an adequate maintenance of cellular
function in vitro are (1) the addition of growth hormones
and cytokines to the culture medium[16,17], (2) coating culture
dishes with extracellular matrix (ECM) molecules[18,19], and
(3) coculturing with other cell types[20,21]. In stem cell cultures,
Miyazaki et al., showed an induction of the liver specific
genes, albumin, tryptophan-2, 3-dioxygenase and tyrosine
amino-transferase of rat bone marrow cells indicating a
maturation towards hepatocytes when cultured in a
hepatocyte growth medium supplemented with HGF and
epidermal growth factor (EGF)[22]. Avital et al., demonstrated
that β2-microglobulin-negative Thy1-positive stem cells
residing in rat bone marrow expressed the liver marker
albumin. In cocultures of these cells with hepatocytes
(separated by a PTFE-membrane), cells were shown to
adopt metabolic activity after 7 d in culture[23]. An important
influence of hepatocytes on the differentiation of stem cell
enriched bone marrow was also highlighted by Okumoto
et al., Here, immuno-selected bone marrow stem cells
cultured in the presence of HGF and fetal bovine serum
(FBS) expressed the markers, hepatic nuclear factor 1
(HNF1-α) and CK-8 only after 7 d. In cocultures with
hepatocytes seperated by a semipermeable membrane, the
stem cells additionally expressed the liver specific markersAFP and albumin [24]. This suggested that cocultured
hepatocytes have a stimulatory effect for the differentiation
of stem cells toward liver cells, which was mediated by
soluble factors. For the culture of adult hepatocytes, it has
been shown that cell-to-cell or cell-to-matrix contacts also
play an important role for the control of liver specific
differentiation[25]. Thus, an optimal in vitro environment for
the induction of liver specific differentiation in stem cells
should be achieved by cocultures with liver cells.
Besides the HSCs, bone marrow contains nonhematopoietic,
i.e. mesenchymal stem cells (MSC) reported to differentiate
into cell lineages of all three germ layers[26-29]. One distinct
adherent growing cell population derived from bone marrow
was described by Schwartz et al.[30]. The authors isolated
CD45- and GlycophorinA-depleted multipotent adult
progenitor cells (MAPC) from rat, mouse, or human
plastic-adherent bone marrow cells that expressed liver
specific markers after 14 d in culture with FGF and HGF,
e.g. albumin and CK-18. However, the relation between
MSC and MAPC remains unclear. MAPCs were separated
differently from bone marrow in comparison to MSCs and
appear after long periods of time in vitro using low serum
concentrations. For cloned MSCs, differentiation in hepatic
cells has not been shown yet. Additionally, little evidence
for cell fusion in MSC cultures has been published so far.
Recently, coculture of MSCs with heatshocked airway
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epithelial cells revealed the differentiation into epithelial
cells[31]. Cell fusion in this setting was a rather frequent than
a rare event with a frequency of 10 -2 and has to be
expected in other experimental settings as well.
In this study, we investigated the potential of rat
mesenchymal stem cells derived from adult bone marrow
to differentiate into hepatic lineage cells in vitro. Furthermore,
we assessed the impact of coculture with adult liver cells
permitting cell-cell contacts for the initiation of liver specific
gene expression.

MA
TERIALS AND METHODS
MATERIALS
An outline of the experimental design is shown in Figure 1.

Generation of
MSC

MSC (GFP+)

Transduction
with GFP and
cloning

MSC (GFP+) and
hepatocytes (GFP-)

Isolation of
hepatocytes

Hepatocytes
(GFP-)

Culture for 7, 14, or 21 d
Serum free medium with HGF, EGF, SCF and FGF-4
FN-matrix
FAC Sorting
GFP+

GFP-

RT-PCR: Thy1, AFP, CK-19, CK-18, ALB

Figure 1 Experimental design. rMSC were harvested from rat bone marrow
and were transduced with GFP and cloned. Cloned GFP+ rMSC were expanded
and either seeded with hepatocytes in cocultures or alone. Controls included
hepatocytes cultured alone. Cells were cultured for 7, 14, or 21 d. Cocultured
cells were sorted by FACS into GFP+ (rMSC-derived) or GFP- (hepatocytederived) cells. Gene expression analysis for stem cell marker or liver specific
genes was performed by RT-PCR.

Isolation, transduction, and cloning of rat mesenchymal
stem cells
Bone marrow was harvested from Lewis.1WR2 rats by
flushing femurs and tibiae with icecold IMDM (Gibco BRL,
Karlsruhe, Germany) and 10% fetal calf serum (FCS,
Gibco). Cells were centrifugated at 400 r/min for 10 min
at 4 . The pellet was suspended in DMEM/Hams-F12
medium (1:1; Biochrom, Berlin, Germany) supplemented
with 20% preselected fetal bovine serum (FBS, Biochrom),
2 mol/L L-glutamine (Gibco), 100 U/mL penicillin, and
100 mg/mL streptomycin (both Gibco). Cells of one
femur and one tibia were seeded in tissue culture flasks
(A = 75 cm2, Greiner, Frickenhausen, Germany). Nonadherent cells were removed after 3 d by washing the
cultures with PBS (Gibco). Plastic adherent cells were grown
to near confluency, and were passaged twice. Retroviral
gene transduction with ectropic-packaged GFP was
performed as described elsewhere[32]. In brief, cells were
removed from cultures with Trypsin/EDTA (Gibco), and
1×103 MSC/well were seeded in six-well culture plates.
2×106 virus particles containing the ectropic vector SFα11-
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GFP[33] and 4 µg/mL protamine sulfate (Gibco) were added,
and the culture plates were centrifuged for 1 h with 1 000 r/min
at room temperature. Transduction efficiency was 25.5%,
as determined by FACS analysis (BD FACScan with
CellQuest software, BD Heidelberg, Germany). After
transfection, 0.3 cells were seeded per well in 96 well plates
for cloning. The clones were checked for GFP expression
with a fluorescence microscope. GFP-positive clones were
expanded and the clone with the highest proliferation
capacity was chosen for further work (IG3 clone). Clonal
until
GFP-marked rMSC were stored frozen at -196
culture for cell differentiation.
Hepatocyte isolation
Hepatocytes were isolated from Sprague-Dawley rats by
two step collagenase perfusion described by Seglen[34] and
performed in our laboratory [35]. Briefly, donor animals
received 250 U heparin (Liquemin, Hoffmann La-Roche,
Mannheim, Germany) prior to cell isolation. After cannulation
of the portal vein, the liver was perfused with a calcium-free
buffer solution [1 000 mL distilled water, 8.3 g NaCl, 0.5 g
KCl, 2.38 g HEPES (Sigma, Seelzen, Germany); pH 7.4;
for 7 min. Then, the liver was
flow 30 mL/min] at 37.0
perfused with a collagenase solution [1 000 mL distilled
water, 8.3 g NaCl, 0.5 g KCl, 2.38 g HEPES, 0.7 g
CaCl 2·2H2O, 7.5 mg trypsin-inhibitor (ICN, Eschwege,
Ger many) and 500 mg collagenase (Collagenase H,
Boehringer Mannheim, Mannheim, Germany); pH 7.35;
for 8-11 min. The perfused
flow 30 mL/min] at 37
liver was resected, and the cells were released by gentle
shaking and collected in 20 mL Williams medium E without
L-glutamine (Gibco). The cell suspension was filtered using
a 200 µm nylon mesh and washed twice with Williams
for 3 min).
medium E (centrifugation at 50 r/min; 4
Cells were purified by PercollR (density 1.13 g/mL; Sigma)
for 12 min) and
gradient centrifugation (400 r/min; 4
washed twice in Williams medium E.
Coculture of rMSC with rat hepatocytes
GFP-transduced and cloned rMSC from passage (P) nine
or later ( P 9) were cocultured with freshly isolated rat
hepatocytes. As controls, rMSC and rat hepatocytes cultured
alone were included. Cultures were analyzed at d 0, 7, 14,
and 21. Cells were seeded into culture wells coated with
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4 µg/well fibronectin (FN, Sigma) in 24-well plates
(Greiner). The culture medium used for the differentiation
in cocultures consisted of Stem Span serum-free essential
medium (SFEM, Stem Cell Technologies, St. Katherinen,
Germany) supplemented with 100 mg/mL penicillin/
streptomycin (Gibco), 2.5 nmol/L dexamethasone
(Sigma), 100 ng/mL human recombinant stem cell factor
(SCF), 20 ng/mL hepatocyte growth factor (HGF, both
Immunotools, Friesoythe, Germany), 50 ng/mL epidermal
growth factor (EGF), and 10 ng/mL fibroblast growth
factor-4 (FGF-4, both R&D, Wiesbaden, Germany).
9×104 rMSC were seeded per well for MSC-controls,
or 6×104 hepatocytes per well for hepatocyte controls. For
cocultures of rMSC with rat hepatocytes 9×104 rMSC per
well were preseeded in 24 well-plates for 2-3 h. Then, 6×104
hepatocytes per well were added to the cultures. Medium
was changed twice a week.
Separation of GFP-positive and -negative cells in cocultures
by fluorescence activated cell sorting (FACS)
After the culture period, cells from cocultures were
trypsinized, counted with trypan blue, and resuspended in
3 mL PBS. To get single cell suspension, cells were filtered
through a 35 µm filter (BD, Heidelberg, Germany). Cells
were sorted using the FACS AriaTM Cell Sorter (BD) into
GFP-positive (GFP+) or GFP-negative (GFP-) cells,
focusing on the highest possible purity of GFP+ cells.
RNA extraction from cells, reverse transcription and polymerase
chain reaction (RT-PCR)
RNA was extracted using the Invisorb Spin Cell-RNATM
Mini-kit (Invitek, Berlin, Germany) according to the
manufacturer’s instructions. RNA was stored at -80 .
Reverse transcription (RT) of extracted RNA was performed
using the bulk first-strand c-DNA synthesis kit (Amersham,
Freiburg, Germany). The cDNA was stored at -20 . For
the semiquantitative PCR reaction, 5 µL cDNA-template
was mixed with 2.5 µL 10× PCR-buffer, 0.5 µL 10 mmol/L
dNTPs, 0.5 µL of each primer (50 ng/µL), and 0.5 µL
polymerase (Ampli-Taq., Gibco) in a total volume of 25 µL
for each probe. PCR was carried out in a programmable
Biometra Uno-Ther mobloc (Biometra, Göttingen,
Germany) using the primers and conditions is shown in
Table 1. Negative controls were performed for each set of

Table 1 RT-PCR analysis
Primer name

Sequence

GAPDH

S: 5’-CCT TCA TTG ACC TCA ACT AC -3’
A: 5’-GGA AGG CCA TGC CAG TGA GC–3’
S: 5’-CGC TTT ATC AAG GTC CTT ACT C–3’
A: 5’-GCG TTT TGA GAT ATT TGA AGG T–3’
S: 5’-GGA CCT CAG CAA GAT CAT GGC–3’
A: 5’-CCA CGA TCT TAC GGG TAG TTG–3’
S: 5’-ACC ATG CAG AAC CTG AAC GAT–3’
A: 5’-CAC CTC CAG CTC GCC ATT AG–3’
S I: 5’-AAC AGC AGA GTG CTG CAA AC–3’
A I: 5’-AGG TTT CGT CCC TCA GAA AG–3’
S II: 5’-CAC CAT CGA GCT CGC CTA TT–3’
A II: 5’-TGA TGC AGA GCC TCC TGT TG–3’
S: 5’-ATA CAC CCA GAA AGC ACC TC–3’
A: 5’-CAC GAA TTG TGC GAA TGT CAC–3’

Thy1
CK-18
CK-19
AFP I.
AFP II. (nested)
Albumin

PCR conditions

Fragment length

Refer-ence

60

; 30×

593 bp

14

52

; 29×

343 bp

39

60

; 30×

518 bp

60

; 30×

261 bp

55

; 35×

60

; 30×

619 bp

13

60

; 30×

416 bp

13

30
13
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Figure 2 Light-microscopic pictures of cultured cells. Cultured rMSC (A), hepatocyte
controls (B), or cocultures of rMSC with hepatocytes (C + enlargement D) after 3
wk. Cultured rMSC grew adherent and adopted a polygonal cell morphology
after weeks in culture (A). Hepatocytes formed clumps of rounded cells, and
few viable cells were observed after 3 wk in culture (B). In mixed cultures,

mainly MSC attached to the substratum, whereas hepatocytes grew over the
MSC-layer forming clusters (C). Binucleated cells were found within the attached
layer of the cultured MSC beginning with 1 wk in culture. Shown is one example
at wk 2 out of three experiments. Original magnification ×200.

primers. Samples were analyzed on 1% agarose gels. The
size of the PCR-fragments was estimated using a 100-basepair ladder (Gibco BRL).

hepatocytes alone (Figure 2B). In mixed cultures, mainly
mesenchymal cells attached to the culture substratum,
whereas hepatocytes attached to the mesenchymal cell layer
forming clusters (Figure 2C). Hepatocytes were smaller in
size compared to mesenchymal stem cells. From the second
week on wards big polygonal shaped diploid (Figure 2D)
cells were observed in the attached cell layer. As revealed
by morphological studies, attached and adjacent cells were
still viable after 21 d in the cocultures.

RESUL
TS
RESULTS
Culture morphology
rMSC cultured alone attached to the culture substratum
within 3 h and grew to confluency within 3 d as long,
spindle-shaped cells. Within 3 wk, they adopted a polygonal
cell morphology (Figure 2A). Freshly isolated hepatocytes
were round in shape and showed a high nuclear to cytoplasm
ratio. A minimal proportion of cells attached within the 1st
day to the culture substratum. In the first week of culture,
the cells tend to form clumps of rounded cells. After 3 wk,
only few viable cells were found in the cultures of

Gene-expression of GFP+ rMSC
GFP-transduced rat MSC ( P9) showed no expression of
the liver specific genes, CK-18, CK-19, albumin, or AFP,
as detected by RT-PCR (Figure 3, lanes M). In contrast,
fetal liver cells as positive control cells revealed a constant
expression of all markers analyzed (Figure 3, lanes C).

RT-PCR of GFP-transduced rMSC at passage 9
AFP

GAPDH

C

M

CK-19

C

M

Figure 3 RT-PCR analysis of cloned GFP+ rMSC. rMSC (M) and liver control
cells (C) were investigated before differentiation. GAPDH showed a strong
signal in both liver controls and rMSC, whereas no liver specific genes (AFP,

CK-18

C

M

ALB

C

M

C

M

CK-19, CK-18, and albumin ALB) were expressed in GFP+rMSC (results from
one out of three experiments).
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Figure 4 FACS-pictograms. One example out of three experiments from
sorting of GFP+ and GFP- cells of cocultures at wk 2 is shown. A: Viable
cells were gated as P1; B: P1 cells were gated in GFP- or GFP+ (P2); C:
For highest purification of GFP+ cells, P2 was analyzed and only GFP+

cells were sorted in the sample tube for PCR-analysis (dark gray peak).
80.8% of cells from P2 were GFP+(sorted into the GFP+ test tube) and
19.2% were GFP-.

FAC sorting of cocultured cells
The sorting strategy aimed at maximal purity of GFP+
cells to exclude contamination with hepatocyte-derived
RNA used in the RT-PCR. A representative example for
FACS-sorting 2 wk after coculture from 1 out of 3
experiments is shown in Figure 4. First, the viable cells
were gated according to forward and side scatter properties
(Figure 4A). Two populations were seen, which varied in
size and granulation. GFP-expression of this gated cells
were detected in two populations, differing in granulation
(Figure 4B) and were gated as P2. From these P2-cells,
the contaminating GFP-cells were sorted out (Figure 4C).
All non-P1, non-P2 and non-GFP cells were collected as
GFP-cells.
Comparing the number of seeded cells set as 100%,
recovered cell numbers were decreased at all three time
points in two experiments (Figure 5). In one experiment,
cocultured cells proliferated between wk 1 and 2 leading to
a non-significant increase at d 14 in the mean of all
experiments. An identical picture was observed for sorted
GFP+ and GFP- cells: in 2 wk a slight increase in the number
of GFP-cells and the maintenance of GFP+ counts could
be observed. It is important to note that the GFP-cell
population contained not only hepatocytes but also all dead/
dying cells as well as conflicting events.

Gene-expression of Thy1 in GFP+ rMSC cocultured with
hepatocytes
GFP+ and GFP-cells from cocultures showed a stable
Thy1 gene-expression (Figure 6A) over the whole observation
period (lanes GFP-or GFP+ cocultures). Also, in cultures
of rMSC, a stable Thy1 expression was observed (lane
rMSC), whereas hepatocytes showed no Thy1 expression
(Figure 6A, lane rHep).

Recovery of cells after coculture and cell sorting

d7

160

d 14

140

d 21

120
% cells

Liver specific gene-expression (AFP, CK-19, CK-18, albumin)
GAPDH expression in cultured rMSC, hepatocytes, GFP+
and GFP-FACS-sorted cells was similar at all time points
(not shown). Although we used the same amounts of cDNA
for all analyses, we found slightly different signals. Therefore,
only semiquantitative assessments were possible. Cultures of
rMSC alone showed no expression for AFP, CK-19, CK-18,
or albumin (Figure 6B-E, lane rMSC). Cultured hepatocytes
were found to express AFP and CK-19 weakly, and CK-18
and albumin stable over the whole culture period (Figure 6
B-E, lane rHep). In mixed cultures, the GFP-cells (lane
GFP-cocultures) showed a strong expression of AFP
(Figure 6B), albumin (Figure 6E) and CK-19 (Figure 6C),
and a weak expression of CK-18 (Figure 6D). The GFP+ cells
(lane GFP+ cocultures) showed a stable expression of AFP
(Figure 6B), CK-18 (Figure 6D), and albumin (Figure 6E),
and weak expression of CK-19 (Figure 6C), respectively.
Negative controls without template were negative at all times
and probes (not shown).

100
80
60
40
20
0
%seeded cells %GFP+cells

%GFP-cells

Figure 5 Recovery of cultured cells in cocultures. Recovery of seeded cells
decreased from 91.6±28.8 % in the 1st wk towards 56.7±8.6 % in the 3 rd wk
(data from 3 experiments). Recovery of GFP+ cells decreased from 72.2 ± 38.5%
to 46.3±41.6%, and recovery of GFP-cells from 81.9±38.2 % to 71.5±24.3 %
from the 1st to the 3rd wk in culture, respectively.

DISCUSSION
In this study, cloned GFP+ rMSC from passage 9 were
used to analyze hepatic differentiation potential of MSC.
For liver specific differentiation, cells were cultured on a
fibronectin matrix in serum-free medium containing the
hepatocytic growth factors- HGF, EGF, FGF-4, and the
stem cell growth factor- SCF. The impact of liver cells on
hepatic differentiation was assessed in cocultures of GFP+
rMSC with freshly isolated rat hepatocytes (GFP-negative)
and was compared to pure cultures of rMSC or hepatocytes,
respectively. For gene-expression analysis, cells from
cocultures were separated in GFP+ or GFP-cells by
FACS-sorting before RT-PCR analysis (Figure 1).
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Figure 6 Gene expression profile. Cultured rMSC, hepatocytes (rHep), and
GFP+ or GFP- cells of the cocultures after 1-3 wk were investigated for their
expression of the stem cell marker Thy1 (A) and of the liver specific markers
AFP (B), CK-19 (C), CK-18 (D), or albumin (E). Results from one out of three
experiments are shown. rMSC (lane rMSC), GFP- (lane GFP- cocultures) or
GFP+ (lane GFP+ cocultures) cells showed a stable Thy1 gene expression
over the whole observation period, whereas hepatocytes (lane rHep) showed
no signal for Thy1 gene expression in the RT-PCR analysis (A). In cultures of
hepatocytes, GFP- or GFP+ cells show, the expression of the studied liver

markers was observed, whereas in cultured rMSC none of the studied liver
specific genes was observed at all time points (B-E). Cultured hepatocytes
expressed AFP and CK-19 weakly (B and C), and CK-18 (D) and albumin (E)
stable. GFP- cells from cocultures showed a stable expression of AFP (B),
CK-19 (C) or albumin (E), and a weak signal for CK-18 expression (D). The
GFP+ cells showed a stable expression of the liver specific genes AFP (B),
CK-18 (D), and albumin (E), and a weak expression of CK-19 (C) over the
whole observation period.

AFP in the liver is a marker of immature (e.g. fetal)
liver cells or oval cells in adult liver[36]. CK19 has been shown
to be expressed on hepatic oval cells as well as on adult
biliary epithelial cells. Albumin is a typical marker of
mature hepatocytes, whereas CK18 is expressed by several
liver cells types, including biliary epithelial cells and
hepatic oval cells[37]. Our data indicated, that rMSC possess
a differentiation potential towards hepatocytic cells in vitro;
expression of the liver specific genes CK-18, albumin,
CK-19, and AFP was demonstrated in GFP+ cells of the
cocultures for the observation period of 3 wk. Thy1 is a
marker for CD34-positive stem cells, activated endothelial
cells and fetal liver cells [38,39]. In the adult liver, Thy1 is
expressed on oval cells but not on mature hepatocytes[37,40].
It has also been found on mesenchymal stem cells generated
from rat bone marrow[41,42]. Expression of Thy1 in cultured
MSC suggests that the rMSC should have the potential to
differentiate toward hepatic cells by exhibition of a liver
stem cell-like gene expression profile, as it is found in
adult liver stem cells (oval cells). Oval cells are tissue
residing liver stem cells, which possess a bipotential ability
to generate biliary and hepatocytic cells, which can clonally
repopulate the regenerating liver under certain conditions
(reviewed in Ref.[37]). Also, for other multipotential stem cell
types from bone marrow, a hepatocytic differentiation
potential was shown: sorted hematopoietic stem cells[14,23],
side population cells in the liver derived from bone marrow[43],
or multipotential adult progenitor cells[30] were found to
express liver specific genes, when cultured in the presence
of certain growth factors. Previous studies in our laboratory
have shown the tri-lineage different-ation potential of the
cloned rMSC used, e.g. into adipogenic, chondrogenic, or
osteogenic cells [41]. In the present study, an additional
differentiation potential towards hepatic progenitor cells
was shown for the first time for clonally derived MSC.
Thus, MSC seem to possess a multilineage differentiation
potential, including a potential to differentiate into hepatocytelike cells at least in vitro.
In our study, we found that hepatocyte-specific gene

expression was induced by the coculture of isolated
hepatocytes. Cultured rMSC alone did not express any of
the liver specific genes studied in the presence of a
FN-coating and hepatic growth factors, suggesting that the
added growth factors are not sufficient to induce hepatic
differentiation. In contrast, a hepatocyte-like gene expression
profile was observed in rMSC-derived cells in cocultures
with hepatocytes. Additionally, we found binucleated
GFP+ cells beginning with wk 1 (in the adult rat liver 10%
are binucleated cells). Very recently, a first report described
the differentiation of rMSC into hepatocytic cells induced
by growth factors. However, the authors used non-clonal
cells of early passages. According to our experience, MSC
isolated from bone marrow of rodents in early passages
still contain hematopoietic cells. Thus, in these experiments
a differentiation of contaminating cells into hepatic lineages
cannot be conclusively excluded. In our experiments, a
differentiation of MSC into hepatic cells without coculture
was not successful. This could be due to either an impaired
differentiation capability of the chosen clonal MSC or the
high purity of MSC without contamination of HSC.
It has been shown that MSC express HGF as well as
the respective receptor, c-met[44]. Thus, MSC should be
accessible for differentiation induction via this pathway.
Furthermore, cocultured liver cells (GFP-) also showed a
stable liver specific gene expression and viability over the
whole observation period, whereas the hepatocyte controls
rapidly lost cell viability and differentiation within the first
week of culture. This is consistent with findings of other
groups that investigated the differentiation of stem cells
into hepatic lineages using coculture models. A positive
influence for the induction of hepatocyte-specific genes in
stem cells was found to be dependent on the presence of
hepatocytes, even in cultures with separation of the cells by
a semi-permeable membrane[23,24]. A coculture of hepatocytes
with stromal bone marrow cells allowing cell-cell contacts
was first established by Mizuguchi et al.[45]. They found that
in cocultures the proliferation of hepatocytes and small
hepatocytes was significantly enhanced by marrow stromal

Lange C et al. Liver-specific gene in MSC

cells compared to controls. Furthermore, a prolonged
hepatocyte-specific gene expression was demonstrated by
analysis of the markers, albumin [45] and tryptophandioxygenase, and activated hepatocyte-specific transcription
factors were revealed by Northern blot analysis. By
immunolabeling, the presence of Jagged1 protein was
found in the cocultured marrow stromal cells[24] and it was
suggested to mediate differentiation events via the Notch
signal pathway. However, no analysis of differentiation of
the cocultured MSC was performed. Okumoto et al.,
highlighted the role of the Jagged1 and Notch expression
as one pathway of bone marrow cell differentiation towards
hepatocytic cells[24]. Thus, a liver-specific differentiation of
stroma cells might be possible but remained unknown from
these studies. The cells used in our study were similarly
generated from bone marrow, at least they were
characterized by plastic adherence and clonal expansion. It
is important to note, that the coculture of MSC and
hepatocytes seemed also to improve the viability of the
cultured hepatocytes.
Our in vitro data indicate that mesenchymal stem cells
from rat bone marrow possess a differentiation capacity
towards hepatocytic cells in vitro. Furthermore, we showed
a strong influence of cocultures with isolated liver cells
permitting cell-to-cell contacts for the induction of liver
specific gene expression of cultured stem cells. Bone
marrow-derived liver stem cells, and herein the MSC are
promising candidates for new cell-based approaches for the
treatment of liver diseases[46]: (1) these cells can easily be
har vested from adult bone marrow and expanded
tremendiously in vitro; (2) transduction of MSC may result
in the expansion of “cured” daughter cells; (3) the use of
adult stem cells is favorable over other stem cells, such as
embryonic stem cells or fetal stem cells, regarding ethical
issues; (4) MSC have been proven to suppress T-cell
activation in unrelated donor-recipient situations and seem
to be an alternative in some areas of tissue regeneration[47].
The differentiation of such cells toward liver cells by
cocultures may permit the generation of artificial liver
tissue for tissue engineering of the liver or liver cell
transplantation [48] . In our experiments, we have not
investigated the influence of fusion on differentiation of
MSC into hepatic cells. Still, the debate about fusion or
true “transdifferentiation” continues. For liver cells, fusion
seems to be a common process. However, for our experimental
setting the mechanism remains to be explored in future.
But even in the case of fusion, the generated cells would be
equipped with two new informations: expansion and hepatic
differentiation. Thus, the potential of MSC to differentiate
towards potential liver cells should be of high interest for
new cell-based therapies. Therefore, coculture of rMSC
with hepatocytes is a model worth studying for further
characterization of the mechanisms underlying a differentiation
of stem cell into the hepatocytic lineage.
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Abstract
AIM: To produce an antibody against rat eosinophil cationic
protein (ECP) and to examine the effects of the antibody
in rats with dextran sulfate sodium (DSS)-induced colitis.
METHODS: An antibody was raised against rat ECP. Rats
were treated with 3% DSS in drinking water for 7 d and
received the antibody or normal serum. The colons were
examined histologically and correlated with clinical symptoms.
Immunohistochemistry and Western blot analysis were
estimated as a grade of inflammation.
RESULTS: The ECP antibody stained the activated
eosinophils around the injured crypts in the colonic mucosa.
Antibody treatment reduced the severity of colonic ulceration
and acute clinical symptoms (diarrhea and/or bloodstained stool). Body weight gain was significantly greater
and the colon length was significantly longer in anti-ECPtreated rats than in normal serum-treated rats. Expression
of ECP in activated eosinophils was associated with the
presence of erosions and inflammation. The number of
Ki-67-positive cells in the regenerated surface epithelium
increased in anti-ECP-treated rats compared with normal
serum-treated rats. Western blot analysis revealed reduced
expression of macrophage migration inhibitory factor (MIF)

in anti-ECP-treated rats.
CONCLUSION: Our results indicate that treatment with
ECP antibody, improved DSS-induced colitis in rats, possibly
by increasing the regenerative activity of the colonic
epithelium and downregulation of the immune response,
and suggest that anti-ECP may promote intestinal wound
healing in patients with ulcerative colitis (UC).
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Eosinophil accumulation in the gastrointestinal tract is a
common feature of numerous gastrointestinal disorders,
including classic IgE-mediated food allergy, eosinophilic
gastroenteritis, allergic colitis, eosinophilic esophagitis,
inflammatory bowel disease (IBD)[1-3] and gastroesophageal
reflux disease. In IBD, eosinophils usually represent only a
small percentage of the infiltrating leukocytes[3,4] but their
levels has been proposed as a negative prognostic indicator[4,5].
Several studies have found an association between allergic
colitis and later development of IBD, but this association is
controversial[6].
Eosinophils and one of their granule proteins, eosinophil
cationic protein (ECP)[7] and eosinophil protein X (EPX),
are generally recognized as being involved in the host defense
against invading parasites. They are markedly cationic
proteins with cytotoxic capacities that can potentially cause
tissue destruction and could act as modulators of immune
response[8]. The eosinophil may also be involved in the
pathogenesis of IBD because we have already reported
activation of eosinophils in patients with active ulcerative
colitis (UC), using the techniques of indirect immunoenzymatic
method and electron microscopic examination of eosinophils,
measurement of serum ECP [9,10], as well as increased
percentages of hypodense eosinophils in the peripheral
blood. Moreover, bowel biopsies from patients with IBD
have demonstrated infiltration of eosinophils in the lamina

4506

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

propria and marked extracellular deposits of ECP [11,12].
There is also an excess release of the eosinophil proteins
ECP and EPX in the luminal fluid and fecal material of
patients with UC or Crohn's disease [13]. However, the
pathophysiological role played by activated eosinophils in
the inflammatory process in UC has not yet been elucidated.
The aim of this study was to produce an antibody against
rat ECP and to examine the antibody in dextran sulfate
sodium (DSS)-induced colitis model. Rats treated with DSS
develop severe colorectal damage mimicking IBD in
humans[14,15]. We herein present evidence for the effectiveness
of ECP antibody against DSS-induced colitis in rats, possibly
by increasing the regenerative activity of the colonic
epithelium and downregulation of the immune response.

MA
TERIALS AND METHODS
MATERIALS
Antibody raised against rat ECP
TRAQWFAIQHISLNPPR [16] was synthesized based on
human ECP amino acid sequence[17], which has homology
to rat ECP[18]. Anti-ECP sera were generated by immunizing
New Zealand white rabbits. In brief, rabbits were inoculated
intradermally with 100 µg of ECP diluted in complete
Freund’s adjuvant at weeks 2, 4, 6, 8, 10, 12, and 14. The
serum was prepared according to the protocol provided by
the manufacturer.
Induction of experimental colitis
Male Wistar rats/IZM (8 wk old) were obtained from
Charles River Japan, Inc. Rats were kept in a specific pathogenfree environment at the Animal Center in accordance with
the rules and regulations of the Institutional Animal Care
and Use Committee of Nagasaki University. Food as well
as drinking water with or without DSS (MW 5 000; Wako
Pure Chemical Industries, Osaka, Japan) were provided ad
libitum. The rats were treated with 3% DSS in drinking water
for 7 d[19], and then received either antibodies or normal
serum intraperitoneally. The rats were weighed daily and
visually inspected for gross rectal bleeding and diarrhea.
The colons were examined histologically and correlated with
clinical symptoms. Hematoxylin and eosin (HE)-stained
sections were prepared from the distal colon. The severity
of ulceration was quantified by the Ulcer Index (ulcer
length/circumference length, %) in the distal colon.
Furthermore, the severity of colitis was evaluated by
assessment of colon length and histological examination.
Similarly, we evaluated the effect of anti-ECP antibodies
with regard to clinical signs and pathologic features.
Administration of antibodies specific for ECP
The polyclonal ECP antibody (0.25 mL/rat at d 0 and 1,
0.5 mL/rat at d 2, 3, 4, 5, 6, and 7 after DSS treatment) or
non-immune rabbit serum was injected intraperitoneally.
Immunohistochemical studies
Anti-ECP antibody as eosinophils, anti-ED1 antibody
(Serotic, Oxford, UK) as activated macrophages, anti-Ki67 antibody (MIB-5, Dako Cytomation Denmark A/S,
Denmark) as proliferative cells were used. The sections were
deparaffinized and rehydrated. Then, they were microwaved
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for 10 min in 0.01 mol/L citrate buffer, pH 6.0, to unmask
the antigenicity, and trypsin digested for 15 min, for Ki-67
and for ED1 as pre-treatment, respectively. The slides were
placed in methanol with 0.3% H2O2 for 10 min to block
endogenous peroxidase activity. They were then incubated
with ECP, Ki-67, and ED1 for 60 min and further processed
for immunohistochemistry using the Histofine Simple Stain
kit (Nichirei, Tokyo, Japan). Peroxidase activity was developed
in diaminobenzidine as a chromogen. In the procedures
described above, tissue sections that were not incubated
with ECP, ED1, or Ki-67 served as negative controls.
Western blot analysis
Western blots were prepared for expression of ED1 and
macrophage migration inhibitory factor (MIF). For this
purpose, the colonic tissue was collected from the lesion area,
and then suspended in 5 volumes of ice-cold 50 mmol/L
Tris-HCl (pH 7.2) containing 150 mmol/L NaCl, 1% NP40, 1% sodium deoxycholate, and 0.05% SDS, broken into
pieces on ice, and subjected to three freeze-thaw cycles.
After centrifugation at 15 000 g for 10 min at 4 , 2mercaptoethanol and bromophenol blue were added to the
supernatant at final concentrations of 2% and 0.001%,
respectively. The tissue extracts (30 µg protein) were
subjected to 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, and the separated proteins transferred
onto Hybond ECL nitrocellulose membrane. After blocking
nonspecific binding sites with 5% skim milk, the membrane
was incubated with 1 000× diluted antibody, against ED1
and MIF (N-20, Santa Cruz Biotechnology, Inc.) at room
temperature for 1 h. The bound antibodies were detected
using an enhanced chemiluminescence detection kit (ECL
Plus, Amersham Life Science, Buckinghamshire, UK) and
the amount of each protein was quantified by densitometric
analysis[20].
Statistical analysis
All data were expressed as mean±SE. Differences between
groups were examined for statistical significance using the
Student’s t-test or Cochran and Cox test. A P value less
than 0.05 denoted the presence of a statistically significant
difference.

RESUL
TS
RESULTS
Clinicopathological findings
The body weight gain was significantly greater in anti-ECPtreated rats at d 4 and 7 after DSS treatment compared
with normal serum-treated rats (Figure 1). ECP antibody
clearly reduced acute clinical symptoms (diarrhea and/or
blood-stained stool, Table 1). Moreover, ECP antibody
improved various mucosal parameters; it reduced colonic
ulceration severity (Ulcer Index) from 61.1±25.5% (DSS)
to 43.1±29.4% (DSS+anti-ECP). The colon length was
13.4±0.4 cm in anti-ECP-treated rats and 12.3±0.6 cm in normal
serum-treated rats at 7 d after DSS treatment (Table 2).
DSS-induced shortening of the colon length was significantly
abrogated in anti-ECP-treated rats (P<0.05).
ECP expression in normal colonic mucosa and in colitis
HE- and immunohistochemically-stained sections showed
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Figure 1 Changes in body weight in normal serum- (open columns), anti-ECP(closed columns) treated rats during DSS treatment. The body weight gain after
DSS treatment was significantly greater in anti-ECP-treated rats compared with
normal serum-treated rats. Rats treated with the antibodies or normal serum
intraperitoneally were also treated with 3% DSS in drinking water for 7 d (n = 7,
a
P<0.05 vs DSS+normal serum).

C

Table 1 Clinical findings
Time (d)

Gross bleeding

Diarrhea

NS

Anti-ECP

NS

Anti-ECP

1
2

0
0

0
14.3

0
14.3

0
14.3

3
4

14.3
0

0
0

14.3
0

14.3
0

5
6

14.3
42.9

0
14.3

28.6
28.6

14.3
0

7

42.9

28.6

0

0

D

Data are percentage of animals (n = 7).

Table 2 Effects of anti-ECP antibody on ulcer index and colon
length (mean±SE, n = 7)
Ulcer index (%)1

Colon length (cm)

DSS+normal serum

61.1±25.5

12.3±0.6

DSS+anti-ECP

43.1±29.4a

13.4±0.4b

Group

1
Ulcer length/circumference length´100. aP<0.05 vs DSS+normal serum. bP<0.01
vs DSS+normal serum.

eosinophils and ECP-positive eosinophils in close proximity
to damaged crypts in the lamina propria and partially in the
extracellular interstitium of the colon of rats with DSSinduced colitis (Figures 2A and B). The ECP antibody stained
activated eosinophils. In the normal colon, eosinophil infiltration
was hardly observed and ECP-positive activated eosinophils
were never seen in the colonic tissue (data not shown).
Histological findings
ECP antibody treatment clearly suppressed DSS-induced
colitis as confirmed in HE-stained sections (Figures 2C and D).
Moreover, immunohistochemical studies for Ki-67 and
ED1 revealed that the ECP antibody treatment increased
the regenerative activity of the colonic epithelium and
downregulation of immune response (Figure 3). Expression
of ECP in activated eosinophils was associated with the
presence of erosions and inflammation. The number of
Ki-67-positive cells in the regenerative surface epithelium/
circumference significantly increased in anti-ECP-treated

Figure 2 Colonic mucosa at 3 d post-DSS treatment showing eosinophils in the
lamina propria. HE staining (A) and immunostaining for ECP (B) as described
under Materials and methods. ECP-positive cells (brown) appear in close
proximity to damaged crypts in the lamina propria and partially in the extracellular
interstitium of DSS-induced colitis. Original magnification, ×400. Colonic mucosa
at 7-d treatment of DSS. (C) Colonic ulceration in normal serum-treated rats. (D)
Reduced severity of colonic mucosal ulceration in anti-ECP-treated rats. HE
stain. Original magnification, ×100.

Table 3 Effects of anti-ECP antibody on the Ki-67-positive cells in
the regenerative surface of colonic epithelium at d 7 after DSS
treatment (mean±SE, n = 7)
Group

Ki-67-positive cells1

DSS+normal serum

14.0±6.5

DSS+anti-ECP

21.3±10.4a

Number of Ki-67-positive cells/circumference. aP<0.05 vs DSS+normal serum.

1

rats (21.3±10.4) compared with normal serum-treated rats
(14.0±6.5) at d 7 after DSS treatment (P<0.05, Table 3
and Figure 3).
The number of ED1-positive macrophages in the lamina
propria of anti-ECP-treated rats at d 7 after DSS treatment
was less than that in normal serum-treated rats. Moreover,
the size of ED1-positive macrophages in the lamina propria
of anti-ECP-treated rats at d 7 after DSS treatment was
smaller than that of normal serum-treated rats.
Western blot analysis
ECP antibody treatment significantly downregulated
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Figure 3 Colonic mucosa in normal serum-treated rats (A, C, and E) and antiECP1-treated rats (B, D, and F) at 7-d treatment of DSS. HE staining (A and B),
immunostaining for Ki-67 (C and D) and ED1 (E and F) as described under
Materials and methods. Treatment with ECP antibody increased the number of

Ki-67-positive cells in the regenerated surface epithelium and reduced the size
of activated macrophages present in the lamina propria. Original magnification,
×400.

A

colonic tissue at d 7 after DSS treatment decreased significantly
in anti-ECP-treated rats. The relative ED1 expression was
significantly lower in anti-ECP-treated rats (1.25±0.79) than
in normal serum-treated rats (3.62±1.83, P<0.05, n = 7).
Furthermore, the relative expression of MIF was significantly
lower in anti-ECP-treated rats (0.74±0.08) than in normal
serum-treated rats (0.94±0.08, P<0.05, n = 7).

1

2

3

4

5

6

7

6

2

3

4

5

6 7

a
0.8

4

2

1

1.0

5

3

B

0.6
a

0.4

1

0.2

0

0.0

DSS+NS DSS+anti-ECP

DSS+NS DSS+anti-ECP

Figure 4 Detection of ED1 (A) and MIF (B) by Western blot analysis in colonic
tissues after 7 d of DDS treatment in normal serum-treated rats (lanes 1-4) and
anti-ECP-treated rats (lanes 5-7). The colonic tissue was collected from the
lesion area and examined by Western blot analysis as described under Materials
and methods. The relative expression levels of ED1 and MIF in the damaged
colonic tissue were significantly lower in anti-ECP-treated rats than in normal
serum-treated rats. The relative protein expression was quantified by
densitometric analysis (n = 7, aP<0.05 vs DSS+normal serum).

macrophage activation during 7-d treatment of DSS (Figure 4).
The expressions of both ED1 and MIF in the damaged

DISCUSSION
A variety of clinical and experimental models has revealed
that eosinophils promote pro-inflammatory changes
mediated by their ability to release various cytotoxic
substances and a variety of lipid mediators and cytokines.
In type-2 helper T (Th2) cells-associated gastrointestinal
inflammatory conditions, increased levels of eosinophils
occur in the lamina propria in an eotaxin 1-dependent
manner[21]. After mucosal allergen challenge, eosinophils
under the regulation of IL-5 accumulate in the esophagus,
an organ normally devoid of eosinophils. However, the
main role of IL-5 in DSS-induced colonic inflammation is
to attract a population of eosinophils that do not appear to
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contribute significantly to the initiation or development of
tissue damage in this model of colitis[22].
In 1974, the existence of an eosinophil-granule protein,
ECP, with a highly cytotoxic action, was reported by Olsson
and Venge[7]. ECP is antibacterial[23], helminthotoxic[24], elicits
the Gordon phenomenon when injected intrathecally into
rabbits, and is cytotoxic to tracheal epithelium[25,26]. Although
the mechanism of its cytotoxicity is not completely
understood, it is suggested to be due to the pore-forming
activity of ECP, which destabilizes lipid membranes[27], but
is unrelated to RNase activity[28]. We demonstrated here that
a polyclonal antibody to eosinophil granule protein ECP
exhibits beneficial effects on various mucosal parameters
of DSS-induced colitis in rats. ECP expressed in activated
eosinophils of the colonic mucosa in DSS-induced colitis
were associated with the presence of injured crypts and
inflammation. The body weight gain was significantly greater
in anti-ECP-treated rats, compared with control rats. The
ECP antibody reduced acute clinical symptoms (diarrhea
and/or blood-stained stool), severity of colonic ulceration
and shortening of the colon length. Immunohistochemical
studies for Ki-67 and ED1 revealed that ECP antibody
treatment increased the regenerative activity of the colonic
epithelium and downregulation of the immune response.
Mucosal repair involves both the rapid migration of
cryptal enterocytes into the injured area of the mucosa,
and replacement of the mucosa by cell replication[29]. Various
peptide growth factors regulate epithelial cell function within
the mucosal epithelium of the gastrointestinal tract. Recently,
Sinha et al., reported preliminary data suggesting that epidermal
growth factor enemas are effective in the treatment of active
left-sided UC[30]. Furthermore, Dignass et al.[31], demonstrated
that hepatocyte growth factor (HGF) modulates intestinal
epithelial cell proliferation and migration, thus enhancing
epithelial cell restitution, the initial step of gastrointestinal
wound healing, in an in vitro model. Moreover, it was
demonstrated that administration of recombinant human
HGF lessened colitis-associated weight loss in rats as well
as improved the clinical signs of colitis in vivo[32]. In our rat
model, mucosal erosion was observed on d 5 and accelerated
on d 7, whereas the colon length was reduced on d 7.
Importantly, the ECP antibody enhanced epithelial
regeneration, leading to a reduction in size of colonic
mucosal erosions, although it was administered concomitantly
with DSS. In this regard, enhanced mucosal repair allows
for a more rapid recovery of epithelial barrier function
leading to reduced exposure to various luminal agents that
contribute to persistent colitis. Accordingly, treatment with
ECP antibody should reduce the inflammatory response to
these luminal stimuli.
MIF was originally identified as a lymphokine derived
from activated T cells that inhibits the random migration
of macrophages in vitro and is involved in delayed-type
hypersensitivity[33]. Moreover, it is postulated that tumor
necrosis factor (TNF)-α and interferon (IFN)-γ upregulate
MIF production in macrophages and, conversely, MIF
induces TNF-α production, forming a proinflammatory loop
within the cytokine network[34]. Gut monocyte macrophages
are responsible for production of MIF, which in turn
stimulates Th-1-type cytokines and features characteristic
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of colitis. Swollen macrophages induced by DSS have been
seen in the mucosa with gland dropout and inflammatory
cell infiltration even under intact colonic epithelium[35]. It
seems that macrophage dysfunction, alterations of luminal
bacteria, and DSS toxic effects on the colonic epithelium
acted together to result in inflammatory ulcerative changes
of the colonic mucosa. Therefore, in our study, the ECP
antibody reduced macrophage activation such as the size
of ED1-positive macrophages and the expressions of ED1
and MIF proteins in damaged colonic mucosa induced by
DSS, resulting in downregulation of the immune response.
ECP is one of the major components of eosinophilic granules
with a molecular mass ranging from 16 to 21.4 ku. It exhibits
various biological effects both in vitro and in vivo[8,36]. It is
classified as a member of the ribonuclease (RNase) A
supergene family based on the homology of both nucleotide
and amino acid sequences. The homology of amino acid
sequence between rat ECP[18] and human ECP[37] is 54%.
When the amino acid sequence of rat ECP was compared
with that of human ECP, eight structural cysteines and three
amino acids, H15, K38, and H128, that are required for
RNase activity[37] were found to be highly conserved. The
length of the signal peptide of rat ECP is equivalent to that
of human ECP. Maeda et al.[38], demonstrated that ECP is
growth-inhibitory and this ability of ECP to bind to heparin
or other carboxy hydrates on the cell surface is dependent
on tryptophan residues, W10 and W35. Interestingly, W10
is located at the P2 subsite of the catalytic domain of RNase
and controls the weak RNase activity of the protein[39]. ECP
alters the coagulation cascades[40], augments fibrinolysis[41],
and regulates the classical pathway of complement[42]. Our
results showed that the ECP antibody clearly reduced acute
clinical symptoms of blood-stained stool. Our evaluation
of the ECP molecule including W10 and H15 in human
ECP enabled us to test the beneficial effects of anti-ECP
treatment on inflammatory disease, in which uncontrolled
cell growth could contribute to a delay in wound healing.
Further studies are needed to investigate this issue.
In summary, we demonstrated that treatment with an
antibody to ECP improved DSS-induced colitis in rats
possibly by increasing the regenerative activity of the colonic
epithelium and downregulation of the immune response.
This supports the concept that humanized anti-ECP
treatment could also be an effective therapy for IBDs.
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Abstract
AIM: Eph receptors and ephrin ligands play a pivotal role
in development and tissue maintenance. Since previous
data have indicated an involvement of ephrin-B2 in
epithelial healing, we investigated the gene expression
and downstream signaling pathways induced by ephrin-B
mediated cell-cell signaling in intestinal epithelial cells.
METHODS: Upon stimulation of ephrin-B pathways in IEC-6
cells with recombinant rat EphB1-Fc, gene expression was
analyzed by Affymetrix rat genome 230 high density arrays
at different time points. Differentially expressed genes
were confirmed by real-time RT-PCR. In addition, MAP
kinase pathways and focal adhesion kinase (FAK) activation
downstream of ephrin-B were investigated by immunoblotting
and fluorescence microscopy.
RESULTS: Stimulation of the ephrin-B reverse signaling
pathway in IEC-6 cells induces predominant expression
of genes known to be involved into wound healing/cell
migration, antiapoptotic pathways, host defense and
inflammation. Cox-2, c-Fos, Egr-1, Egr-2, and MCP-1 were
found among the most significantly regulated genes.
Furthermore, we show that the expression of repairrelated genes is also accompanied by activation of the
ERK1/2 MAP kinase pathway and FAK, two key regulators
of epithelial restitution.
CONCLUSION: Stimulation of the ephrin-B reverse
signaling pathway induces a phenotype characterized by
upregulation of repair-related genes, which may partially
be mediated by ERK1/2 pathways.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Eph receptor tyrosine kinases (RTKs) and their receptorlike ligands, the ephrins, represent the largest family of RTKs
and are specialized on directing coordinated cell migration
in development and possibly in tissue repair[1,2]. Based on
their sequence homology, structure, and binding affinity,
the Eph RTKs and ephrins are divided into two subclasses
A and B. Usually, EphA receptors interact with ephrin-A
ligands and EphB receptors with ephrin-B ligands. Both the
receptors and the ligands are membrane-bound. A-ephrins
are tethered to the outer leaflet of the plasma membrane
by virtue of a glycosyl-phosphatidylinositol anchor, whereas
B-ephrins are transmembrane proteins [3,4]. As a unique
feature, upon receptor-ligand interaction, both receptor
mediated “forward” and a “reverse” cellular signaling response
are induced. Therefore, Eph/ephrin signaling represents a
bidirectional cell-cell signaling system with ephrin ligands
taking over receptor-like functions[5].
The rapid restitution of the intestinal surface after
disruption of the epithelial barrier relies on the highly
adaptive ability of epithelial wound-edge cells to rapidly form
pseudopodial protrusions, reorganize the cytoskeleton, and
migrate into a wound defect in a coordinated manner[6–8].
This fast epithelial healing is particularly important
considering the necessity to protect the host against a
considerable microbial threat and exposure to a multitude
of immunogenic and toxic factors present in the gut[6].
Recent data suggest a pivotal role of Eph/ephrin signaling
in tissue repair and maintenance of the gut. EphA2/
ephrinA1 signaling has already been suggested to be involved
in the homeostasis of the intestinal barrier in adults [9].
Moreover, differential expression of ephrin ligands and EphRTKs along the crypt-villus axis determines the correct
positioning and allocation of the proliferating vs differentiating
compartment during development of the intestinal crypts[10].
Interestingly, knockout of EphB2/B3 in mice leads to
intermingling of both compartments and also displacement
of Paneth cells to the top of the villi. More recently, the
expression of a variety of Eph receptors and ephrin ligands
has been demonstrated in the adult human gut by our group,
with most prominent expression of EphA2, EphB2, ephrinA1 and ephrin-B1/2[11]. Considering the important role of
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Eph receptors and ephrins development and their life-long
highly organized expression in gut epithelium, a role in
epithelial maintenance and repair seems possible. As a
further step to understand their role in intestinal physiology,
we investigated gene expression profiles in response to the
stimulation of the ephrin-B dependent signaling pathways.
Since many links between ephrin-B2 and MAP kinase (ERK)
as well as focal adhesion kinase (FAK) mediated pathways
have already been demonstrated[12,13], these pathways were
also analyzed in more detail.

MA
TERIALS AND METHODS
MATERIALS
Cell culture and total RNA isolation
Non-transformed rat intestinal IEC-6 cells[14] were cultured
in Dulbecco’s MEM (Biochrom AG, Berlin, Germany)
supplemented with 5% fetal calf serum (FCS PAN Biotech,
Aldenbach, Germany). After reaching 80% confluence, cells
(passage 6) were starved overnight with 0.1% FCS and
stimulated with 0.5 µg/mL (-3.3 nmol/L) rat recombinant
EphB1-Fc (R&D Systems, Minneapolis, USA). Doses were
determined according to the efficient stimulation of intestinal
epithelial wound healing in scratch wound assays. Cells were
harvested at 0 (control), 30, and 120 min in RLT buffer
(Qiagen, Hilden, Germany). After homogenization, RNA
isolation for further array analysis was performed using the
RNeasy Mini Kit (Qiagen). RNA quality was assessed with
an Agilent 2100 bioanalyzer (Agilent Technologies, Palo Alto,
USA) and quantity was measured spectrophotometrically.
High density arrays
For investigation of downstream transcriptional responses
of EphB1-Fc stimulated pathways in IEC-6 cells, gene
expression was analyzed by the Affymetrix rat genome
expression set 230A (version 2.0). Sample preparation for
microarray hybridization was carried out as described in
the Affymetrix GeneChip Expression Analysis Technical
Manual. Briefly, 15 µg of total RNA were used to generate
double-stranded cDNA (Invitrogen). Synthesis of Biotinlabeled cRNA was performed using the BioArray TM
HighYieldTM RNA Transcript Labeling Kit (ENZO Diagnostics).
The length of the cRNA and fragmentation was confirmed
using the Agilent 2100 bioanalyzer (Agilent Technologies,
Palo Alto, USA). Affymetrix Microarray Suite (MAS) 5.1
was used for Single Array and Comparison Analysis. A global
scaling strategy was applied, setting the average signal
intensity of all arrays to a target value of 100. For RNA quality
control and stringent data evaluation, the quality standards
were applied as defined at a regional German Affymetrix
Core Facility and Service Provider, the “CFB” (Competence
Centre for Fluorescent Bioanalytics, www.kfb-regensburg.de).
Ingenuity® pathway analysis
Analysis of 331 regulated genes with changed P-values lower
than 0.003 and higher than 0.997 (fold change >1.5) by the
Ingenuity® Pathway Analysis Software tool was used to get
a better defined concept of the complex downstream events.
Real-time RT-PCR
To confirm the differential expression of a selection of
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more than twofold regulated genes, real-time TaqMan RTPCR (PE Applied Biosystems, Darmstadt, Germany) was
performed on an ABI Prism 7900 HT Sequence Detection
System as published elsewhere [11]. Briefly, cDNA was
synthesized using the Reverse Transcription Kit from
Promega (Madison, USA) according to the manufacturer’s
protocol. Rat primers and probes for Cox-2, Egr-1/2, c-Fos,
and monocyte chemotactic protein 1 (MCP-1) were obtained
as Assays on Demand (Applied Biosystems). The standard
curve method was used for the quantification of the relative
amounts of gene expression products. This method provides
unit less normalized expression values that can be used for
direct comparison of the relative amounts of target mRNA
in different samples[11]. All reactions were performed as
triplicates. Probes and primers for TaqMan analysis for
ephrin-B1 and -B2 were designed on the basis of gene-specific
non-homologous DNA sequence of the corresponding
members [11]. The sequences were as follows: ephrin-B1
(MGB probe TGTACTGGCTTGGGCC, forward CCTCC
CCAGGCTTTGTGA, reverse TCCTGGCTGACCACA
TCGT), ephrin-B2 (MGB probe TGCTCAGCGCTTAAA,
forward GATGTGAAATTCAT-TTGTGGCAAT, reverse
CCAGAAGTAGCTGTCA-ATTTGTTT).
Immunocytochemistry
IEC-6 cells were plated on fibronectin coated Lab-Tek
chamber glass slides (Nalge Nunc Int., Naperville, USA)
(100 000 cells/slide) and grown in Dulbecco’s MEM plus
5% FCS overnight. After washing with PBS, cells were fixed
with 4% paraformaldehyde and after repeated wash steps
with PBS blocked with 3% H2O2/CH3OH. Cells were again
washed with PBS and incubated with Super Block (Zytomed,
Berlin, Germany). For immunocytochemical staining, the
following antibodies were used (30 min, 37 ): goat EphB2
(1:100), rabbit ephrin-B1 (1:100), and rabbit ephrin-B2 (1:75)
(Santa Cruz, CA, USA). Cells were incubated with AntiBroad Spectrum Biotinylated antibody for 15 min (37 ),
and ZytoChemPlus HRP solution was added for 10 min at
room temperature (Zytomed). After washing with PBS, the
slides were stained with AEC chromogen for 10 min at
room temperature (Dako, Hamburg, Germany). The
reaction was stopped with H2O and counterstained with
hemalaun. For negative control, the protocol was performed
as mentioned above, but primary antibodies were omitted.
Immunoblotting
IEC-6 cells were grown in Dulbecco’s MEM (Biochrom
AG, Berlin, Germany) supplemented with 5% FCS to 80%
confluence. Cells were starved overnight with 0.1% FCS,
then stimulated with 0.25 µg/mL (-1.65 nmol/L) rat
recombinant EphB1-Fc (R&D Systems, Minneapolis, USA)
and harvested at 0, 5, 10, 20, 30, and 45 min. Protein was
isolated from the cells and the protein lysates were analyzed
by SDS-PAGE and blotted according to standard protocols.
Activated (phosphorylated) FAK and pan-FAK were
detected by the anti-(phosphotyrosine)-pY397 FAK antibody
from Sigma (St. Louis, USA) and anti-FAK from Biosource
(Camarillo, CA, USA). For detection of MAP-kinase
phosphorylation, the following antibodies were used: antiERK1/2 (pT185, pY187) 1:1 000, anti-JNK1/2 (pT183,
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pY185) 1:2 500, anti-p38 (pT180, pY182) 1:1 000 (Biosource,
Camarillo, CA, USA). Rabbit polyclonal anti-protein disulfide
isomerase (PDI) antibody (dilution 1:4 000) served as a
control for equal protein load (StressGen, Victoria, Canada).
As secondary antibody, the anti-Rabbit-HRP (Cell signaling,
Beverly, MA, USA) was used.

and an anti-rabbit FITC-labeled antibody as secondary
(Vector, Burlingame, USA). Cell nuclei were stained with
DAPI (Chemicon, Temecula, USA). Images from the wound
margin were taken on a Leitz microscope equipped with a
fluorescence lamp and adequate filters. Cells were
photographed at 400× magnification.

Immunofluorescence microscopy
IEC-6 cells were plated on fibronectin coated glass cover
slips and grown for 16 h in Dulbecco’s MEM plus 5%
FCS. The monolayer was starved with Dulbecco’s MEM
plus 0.1% FCS overnight, wounded by a cell scraper and
stimulated with 0.5 µg/mL EphB1-Fc (-3.3 nmol/L). IgGFc (R&D Systems, Minneapolis, USA) served as a control.
Cells were fixed with 4% paraformaldehyde for 5 min at
room temperature and permeabilized with 0.1% Triton-X
100 for 5 min at 37 . After washing with PBS, cells were
blocked with 1% bovine serum albumin for 15 min at 37 .
For detection of activated FAK, an anti-(phosphotyrosine)pY397 antibody (Sigma, St. Louis, USA) was used as primary

RESUL
TS
RESULTS
IEC-6 cells express ephrin-B1/2 ligands
In the human small intestine and colon, coexpression of
EphB2 and ephrin-B1/2 ligands has previously been
demonstrated by our group[11]. To evaluate the suitability
of IEC-6 cells as a model for investigation of EphB/ephrinB dependent cell-cell signaling, the expression of both
EphB2 receptor and ephrin-B1/2 ligands in IEC-6 cells
was investigated. Real-time TaqMan  RT-PCR revealed
mRNA expression of ephrin-B1 and, more abundantly, ephrinB2 in IEC-6 cells (Figure 1A). In addition, the expression
of the EphB2 receptor and two corresponding high-affinity
ligands in IEC-6 cells could be confirmed on the protein
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Figure 1 Rat IEC-6 intestinal epithelial cells express ephrin-B ligands on the
mRNA and protein level. A: Real-time RT-PCR shows expression of ephrin-B1
and -B2 mRNA. As the curve of ephrin-B2 demonstrates lower CT-values, the
amount of ephrin-B2 mRNA starting material was higher than the amount of
ephrin-B1 mRNA. The values were normalized by detection of the 18S rRNA

(data not shown); B: IEC-6 cells coexpress ephrin-B1/2 and the corresponding
EphB2 receptor on the protein level. IEC-6 cells may therefore be able to
interchange cell-cell signals via EphB2/ephrin-B1/2 contacts. The coexpression
of the EphB2 receptors and ephrin-B1/2 ligands is in accordance with previous
data on human adult intestinal tissue in these cells[11].
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level by immunocytochemistry (Figure 1B). Hence,
comparable to the human in vivo expression[11], IEC-6 cells
coexpress the EphB2 receptor and two ephrin-B ligands
in vitro. Therefore, cell-cell signaling between these cells
seems possible.
High-density cDNA array analysis
Since previous investigations showed that ephrin-B mediated
’reverse’ signals generated upon binding of EphB receptors
can specifically enhance intestinal wound healing in vitro, we
were interested in the “downstream” target genes of the
corresponding signaling cascades. Therefore, the transcriptional
response to ephrin-B reverse signaling induced by recombinant
EphB1-Fc was analyzed on the Affymetrix® platform. The
cells were stimulated with 0.5 µg/mL (-3.3 nmol/L) rat
recombinant EphB1-Fc for 30 and 120 min. To identify
the genes with highest possible probability to be truly
regulated in these experiments, only genes were collected
with significant detection-P values (exclusion of any false
positives due to mismatch hybridization) and significant
change-P values according to Affymetrix® algorithms. In
addition, a minimum twofold change was set as cut-off.
Table 1 shows the list of significantly regulated candidate
genes after applying these stringent rules. Most of the genes
are “early responders”, i.e., detectable after 30 min. However,
a few of those genes were differentially regulated still after
120 min. Based on the current knowledge on gene function
annotated to individual probe sets of the Affymetrix® rat
chip, the regulated genes fell into seven major categories:
Genes with direct links to (I) wound healing, (II) cell
migration, (III) wound edge activation, (IV) pleiotrope
transcription factors which also can directly participate in
cell migration and wound healing, (V) genes that are
functionally involved in apoptotic pathways, (VI) genes
linked to host defense and inflammation, and (VII) genes
that have host defense functions such as osmoregulation
and detoxification (Table 1).
Real-time RT-PCR confirms differential regulation of c-Fos,
Cox-2, MCP-1, Egr-1 and Egr-2
As real-time TaqMan® RT-PCR has been proven to be a
sensitive and reliable method for quantitative gene expression
analysis [11], differential mRNA expression of selected
candidate genes (c-Fos), cyclooxygenase 2 (Cox-2), early
growth response gene 1 and 2 (Egr-1 and -2) and MCP-1
was confirmed using this method. The real-time RT-PCR
results confirmed the array data very well (Figure 2). The
c-Fos mRNA displayed a 7.1-fold upregulation after 30 min.
Likewise, the strong induction of Egr-1, Egr-2, and Cox-2
after 30 min could be confirmed. In addition, RT-PCR
revealed a 2.2-fold downregulation of Egr-1 mRNA after
120 min, which was not observed in the array data.
Ingenuity® pathway analysis reveals a complex network of
interacting genes, which are possibly related to intestinal repair,
upon EphB1-Fc stimulation
A total of 331 genes that were more than 1.5-fold regulated
after 30 min of EphB1-Fc treatment and with MAS
(Affymetrix® Microarray Suite) change, P-values lower than
0.003 or higher than 0.997 respectively were used for the
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Figure 2 Real-time RT-PCR analysis confirmed the differential expression of
COX-2, Egr-1, Egr-2, MCP-1, and c-Fos in accordance to Affymetrix® array data.
The results are indicated as positive ( = upregulation) or negative ( = downregulation)
fold changes of mRNA amount compared to the control (t = 0 min, values
normalized to 18S rRNA).

pathway analysis. The Affymetrix® ProbeSet IDs were imported
together with the fold changes into the Ingenuity® Pathway
Analysis Software (Ingenuity® Systems). One hundred and
thirteen genes were eligible for generating networks. All
21 networks found were ranked by score. The score is a
numerical value, used to rank networks according to how
relevant they are to the genes within the dataset. The network
with the highest score contained 28 genes. A functional
network of differentially regulated genes could be established
including the confirmed candidates c-Fos, Egr-1 and Egr-2
together with further genes related to growth and apoptosis
(Figure 3). Interestingly, the pathway tools revealed that
the strongly upregulated genes Egr-2 and c-Fos are linked
by mutual activation, expression and transcription of each
other. Both Egr-1 and c-Fos interact with jun, which
obviously has a central position in the demonstrated network.
Furthermore, Egr-1 enhances the expression of the growth
factor receptor EGFR and is further linked to the cell cycle
via CDKN1A. The details of the conceptual ephrin-B
dependent network are shown in Figure 3.
Stimulating the ephrin-B reverse signaling pathways in IEC-6
induces temporary activation of ERK 1/2 map kinase stress
pathways and FAK
Previous work has shown that signaling responses to changes
in the microenvironment regarding the presentation of EphRTKs or ephrins on neighboring cells involve major MAP kinase
pathways such as JNK and Erk[13,15,16]. To identify the MAP
kinase pathways involved in EphB/ephrin-B signaling in
IEC cells, we screened for MAP kinase phosphorylation
status in time-course experiments using stimulation with
EphB1-Fc (0.25 µg/mL). As shown in Figure 4, there is a
temporary induction of ERK1/2 phosphorylation that peaks
after 20-30 min before returning to base levels.
Another important biological read-out of ephrin-B
activation is the recruitment of FAK[2]. FAK is a crucial
player in integrin-mediated attachment and migration as well
as reorganization of focal adhesion complexes, which also
protect from anoikis[17,18]. As shown in Figure 4, blotting
with the anti-pY397-FAK indicates a time course of FAK
phosphorylation upon EphB1-Fc stimulation in IEC-6 cells,
which is almost identical to ERK 1/2 activation.
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vivo, such functions could be essential for the protection of
the host against microbial antigens and toxic factors
abundantly present in the gut. In this context, it is also very
interesting that we had observed significant imbalance of
the ephrin-B ligand expression in intestinal epithelial cells
isolated from patients with Crohn’s disease compared to
healthy controls. Therefore, to elucidate further details of
an assumed protective action of EphB-ephrin-B signal
exchange in intestinal cells, we analyzed ‘downstream’ effects
of the ephrin-B pathway. The most important finding of
this study is that Affymetrix® gene chip data revealed a
significant upregulation of a set of genes known to be
fundamentally involved into wound healing, e.g. c-Fos, Egr-1,

The latter observations could be further substantiated
by immunofluorescence microscopy of wounded IEC-6 cell
monolayers. Compared to IgG-Fc controls, EphB1-Fc
stimulated IEC-6 cells revealed prominent induction of
active pY397-FAK in neighboring cells at the wound margin
(Figure 5).

DISCUSSION
Recent data generated by our group had suggested that
EphB/ephrin-B cell-cell signaling can enhance epithelial
wound closure of IEC-6 intestinal cells. In particular, the
ephrin-B reverse signals seem to activate wound closure. In
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Table 1 Selection of significantly regulated genes (fold change >2) upon stimulation of ephrin-B pathways in IEC-6 cells
Function

FC (30 min1)

FC (120 min1)

Gene bank accession

Title

gb:AA944459

Dynein, cytoplasmic, light intermediate chain 1

Migration/polarity/Wound edge

-2.0

NC

gb:AA875047

JQ0866 T-complex protein 1 - rat

Chaperonin/protein folding

-2.0

NC

gb:AI231350

Transcribed sequences

Unknown

-2.0

NC

gb:AI071071

Transcribed sequences

Unknown

-2.0

NC

gb:BE097926

Transcribed sequences

Unknown

-2.1

NC

gb:AA925921

ELV4_RAT ELAV-like protein 4

Binds to the AU-rich element in c-fos

-2.1

NC
NC

and interleukin-3/mRNA degradation
gb:AW144020

Transcribed sequences

Unknown

-2.1

gb:U30789.1

Upregulated by 1,25-dihydroxyvitamin D-3

Unknown

-2.3

-2.8

gb:AI230596

Importin alpha S1

Nuclear transport/DNA binding

-2.3

NC

gb:BF389856

Beta-galactosidase, alpha peptide

Metabolism

-2.3

NC

gb:NM_012903.1

Acidic nuc. phosphoprotein 32 family, member A

Apoptosis

-3.2

NC

gb:BF415939

c-fos

Wound healing

16.0

NC

gb:NM_053633.1

Early growth response 2

Apoptosis/EGR2 induces apoptosis

7.5

NC

gb:NM_024360.1

HES-1/hairy and enhancer of split 1 (Drosophila)

Notch pathway target/neurite

4.9

NC
NC

outgrowth/morphogenesis
gb:NM_012551.1

Early growth response 1

Apoptosis/EGR2 induces apoptosis

4.6

gb:U03389.1

Cox-2/prostaglandin-endoperoxide synthase 2

Epithelial wound healing

4.6

4.0

gb:BE110108

MAP kinase phosphatase-1/protein

Signaling/stress

3.5

NC

gb:NM_021836.1

Jun B proto-oncogene

Transcription factor/wound healing cornea

3.0

NC

gb:AI178746

Transcribed sequences

Unknown

3.0

NC

gb:NM_012620.1

PAI-1/serine (or cysteine) proteinase

Affect wound healing by regulating the

2.8

NC

inhibitor, member 1

fibrinolytic environment

gb:AI710284

Beta-galactosidase, alpha peptide

Unknown

2.8

3.2

gb:BF420059

Immediate-early protein pip92

Unknown

2.6

NC

gb:BI288619

c-jun homolog/v-jun sarcoma virus 17

Transcription factor/wound repair/epithelial

2.6

NC

oncogene homolog (avian)

migration

gb:BI298889

RBBP-2

Transcription factor/cell cycle inhibition

2.6

NC

gb:NM_031642.1

Core promoter element binding protein

Unknown

2.5

NC

gb:AB025017

Zinc finger protein 36

Unknown

2.5

NC

gb:AI599423

DNA-damage-inducible protein GADD45 gamma

Cell cycle control

2.5

NC

gb:U02553.1

MAP kinase phosphatase-1/protein

Signaling/stress

2.3

NC

tyrosine phosphatase

tyrosine phosphatase
gb:L81174.1

Ankyrin-like repeat protein

Endothelial activation

2.1

NC

gb:NM_017206.1

Solute carrier family 6, member 6

Protects IECs from osmotic stress

2.1

NC

gb:BM383427

Gp130/Interleukin 6 signal transducer

Host defense/tight junction loosening/

2.1

2.3

proinflammatory lipid production
gb:AI179464

Rattus norvegicus RM1 mRNA, partial sequence

Unknown

2.1

3.2

gb:NM_031530.1

MCP-1/small inducible cytokine A2

Monocyte chemotaxis/candidate locus for exp. EM

2.0

NC

gb:NM_022858.1

HNF-3/forkhead homolog-1

Transcription factor/development

2.0

2.6

gb:AA850780

Transcribed sequences

Unknown

2.0

NC

gb:NM_012940.1

Cytochrome P450, subfamily 1B, polypeptide 1

Detoxification

2.0

5.3

gb:NM_013057.1

Coagulation factor 3

Blood coagulation

2.0

NC

gb:BI284349

Myeloid differentiation primary response gene 116

Unknown

2.0

NC

gb:AI176519

DIF-2/lipid responsive gene/Immediate

Differentiation

2.0

NC

gb:AI169756

G33_rat gene 33 polypeptide

Migration/signaling/adapter protein

2.0

NC

2.0

NC

2.0

NC

early response 3 protein
binds GTP-Cdc42/activates SAPK/JNK
gb:BI288619
gb:AA800192

c-jun homolog/v-jun sarcoma virus

Transcription factor/wound repair/epithelial

17 oncogene homolog (avian)

migration

Rattus norvegicus endogenous

Unknown

retrovirus mRNA, partial sequence
gb:AW533292

Similarity to protein ref: NP_073600.1 (H. sapiens)

Unknown

2.0

NC

gb:BF392456

Rattus norvegicus non-erythrocyte

Unknown

2.0

NC

beta-spectrin mRNA, partial cds
1

IEC-6 cells were treated with 0.5 mg/mL (- 3.3 nmol/L) rat recombinant EphB1-Fc and RNA was harvested after 30 and 120 min. FC: fold changes; NC: no changes.

Egr-2, and COX-2 (30 min after stimulation with recombinant
EphB1-Fc). Egr-1 (4.6-fold) and c-Fos (16-fold) were among
the most strongly early-induced genes. Egr-1 is known as a

key activator of injury-induced gene expression[19]. Egr-1
might also be responsible for the observed induction of
NR4A1 (immediate early gene transcription factor NGFI-

Hafner C et al. Ephrin-B induced gene expression
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Figure 4 Stimulating the ephrin-B reverse signaling pathway in IEC-6 with
recombinant EphB1-Fc induces temporary activation of Erk1/2 map kinase
stress pathways and FAK phosphorylation, demonstrated by immunoblotting.
PDI served as a loading control.

A

B

Figure 5 Immunofluorescence microscopy demonstrates that compared to the
control (A), stimulation of IEC-6 cells with recombinant EphB1-Fc leads to
induction of active pY397-FAK in neighboring cells most prominently at the
wound edge (B).

B; 10-fold) and EGFR (epidermal growth factor receptor;
1.9-fold), as well as for the induction of jun B (3.0, fold)
and c-jun (2.6, fold) according to the Ingenuity® pathway
analysis. In turn, the resulting AP-1 activity is known to be
responsible for the observed prolonged induction of COX2 (prostaglandin-endoperoxide synthase 2; 4.6-fold), but also
MCP-1 (small inducible cytokine A2, 2.0-fold). COX-2
induction is considered as a further important line of defense
for the gastrointestinal mucosa, necessary for maintenance
of mucosal integrity and ulcer healing[20,21]. On the other
hand, MCP-1 is a proinflammatory cytokine with a well
defined role in inflammatory bowel disease [22-24]. Taken
together, the Ingenuity ® pathway analysis suggests that
stimulation of the ephrin-B signaling can induce a complex
network of wound healing associated genes in intestinal

epithelial cells with major interconnections to growth
regulation and antiapoptosis, but also inflammation.
The exact anatomy of the signaling pathways activated
in order to reseal epithelial defects in the gut remains poorly
understood. IEC-6 cells, derived from fetal rat duodenal
crypt cells, are one of the best-studied in vitro models for
epithelial restitution[19]. Previous work on IEC-6 wounding
has implicated the extracellular signal-regulated kinase (ERK),
mitogen-activated protein kinase as a central mediator of
wound-signal transduction and regulator of epithelial
restitution. Monolayer injury results in rapid activation of
ERK1/2 (p42 and p44) in IEC-6 cells[25]. Interestingly, our
immunoblotting results are consistent with the view that
ephrin-B signaling contributes to this pivotal wound-healing
cascade. Moreover, in accordance with our data it has already
been shown by another group that wounding of IEC-6 cells
leads to ERK-dependent induction of Egr-1 and c-Fos. Both,
direct blocking of ERK activation and interference with
Egr-1 function resulted in diminished cell migration after
injury[19]. This suggests that stimulation of ephrin-B is a
part of the injury response program in intestinal epithelial
cells involving ERK1/2, Egr-1, and c-Fos. Interestingly,
activation of forward signaling by ligand-mediated
stimulation of EphA2 and EphB2 receptors is also linked
to the ERK/MAPK signaling cascade[26,27].
Recently, the receptor-like functions of B-ephrins and
their intimate links to cell migration mechanisms could be
defined in more detail on the molecular level[2,13]. Upon
binding and dimerization of the cognate receptors of
neighboring cells, the cytoplasmic c-terminus of ephrin-B
undergoes phosphorylation due to the recruitment of Srcfamily kinases[15]. Subsequently, the phosphorylated cytoplasmic
domain of ephrin-B provides a binding domain for SH2/
SH3-adaptor proteins such as Grb4 (Nck2). In turn, Grb4
has three further SH3-domains that function as a scaffold
for binding and activation of a variety of SH3-binding
effectors. Some of them directly influence the dynamic control
of the cytoskeleton, e.g., FAK, Paxillin, Abi-1, Axin, CAP,
dynamin, hnRNPK, and Pak1[2,28]. Among those effectors,
FAK is particularly interesting in this context, because active
FAK is essential to control cell spreading, movements and
also integrin-dependent survival of IEC[17,29]. Therefore, we
analyzed FAK phosphorylation both by immunoblotting and
by fluorescence microscopy. We show that in starved IEC6 cells ephrin-B activation with nmol/L doses of EphB1Fc leads to rapid induction of pY397-FAK, which seems to
be most prominently detectable in wound-edge cells. The
phosphorylation of FAK on Tyr397 is known to correlate
with increased catalytic activity and appears to be important
for the tyrosine phosphorylation of focal adhesion complexassociated proteins such as paxillin and Cas[17]. Theoretically,
the directed turnover of such complexes finally determines
the speed of cell movements and the capacity of an
epithelium to reseal defects.
We conclude that ephrin-B signaling induces complex
pathways, which are essential for rapid epithelial wound
closure in the intestine. Functional links to major determinants
of epithelial defense and coordinated cell movement place
EphB/ephrin-B into the list of targets for future molecular
therapies trying to intervene with such pathways, for instance
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in the context of inflammatory bowel disease. However,
firstly the specifics of the side-effects such as the production
of proinflammatory cytokines like MCP-1 and the complexity
of seemingly counteracting downstream targets have to be
investigated in more detail.
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Abstract
AIM: To explore the mechanisms underlying the apoptosis
of human pancreatic cancer BXPC-3 cells induced by
indole-3-acetic acid (IAA) in combination with horseradish
peroxidase (HRP).
METHODS: BXPC-3 cells derived from human pancreatic
cancer were exposed to 40 or 80 µmol/L IAA and 1.2 µg/mL
HRP at different times. Then, MTT assay was used to detect
the cell proliferation. Flow cytometry was performed to
analyze cell cycle. Terminal deoxynucleotidyl transferasemediated dUTP nick end labeling assay was used to
detect apoptosis. 2,7-Dichlorofluorescin diacetate uptake
was measured by confocal microscopy to determine
free radicals. Level of malondialdehyde (MDA) and activity
of superoxide dismutase (SOD) were measured by
biochemical methods.
RESULTS: IAA/HRP initiated growth inhibition of BXPC-3
cells in a dose- and time-dependent manner. Flow cytometry
revealed that the cells treated for 48 h were arrested at
G1/G0. After exposure to 80 µmol/L IAA plus 1.2 µg/mL
HRP for 72 h, the apoptosis rate increased to 72.5‰,
which was nine times that of control. Content of MDA and
activity of SOD increased respectively after treatment
compared to control. Meanwhile, IAA/HRP stimulated the
formation of free radicals.
CONCLUSION: The combination of IAA and HRP can
inhibit the growth of human pancreatic cancer BXPC-3
cells in vitro by inducing apoptosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Indole-3-acetic acid (IAA) is an important plant growth
hormone found in higher plants, and plays a role in the regulation
of plant cell division, elongation and differentiation[1]. It is
present in human urine [2], blood plasma [3], and central
nervous system[4]. IAA is well tolerated in humans[5] and not
oxidized by mammalian peroxidases. Recent researches
suggest that the combination of IAA and horseradish
peroxidase (HRP) is cytotoxic to mammalian cells, and can
be used as a novel anticancer drug[6-10], while neither IAA
nor HRP alone shows any cytotoxic effect [6]. HRP is a
heme-containing peroxidase and can oxidize a wide variety
of substrates including IAA in the presence of hydrogen
peroxide. It has been reported that IAA activated by HRP
produces free radicals, such as indolyl, skatolyl, and peroxyl
radicals, which can cause lipid peroxides[11-13]. There are
differences in endurance to the combination of IAA and
HRP among the different types of cells[14]. In the present
study, we investigated the effects of IAA/HRP on BXPC-3
cells, a cell line derived from human pancreatic cancer, and
found that IAA/HRP treatment could induce than increase
of free radicals within the cells and cause apoptosis of
BXPC-3 cells.
MA
TERIALS AND METHODS
MATERIALS
Drug and reagents
IAA, HRP, and 3-(4,5-dimethylthiazol)-2,5-diphenyl
tetrazolium bromide (MTT) were purchased from Sigma
Chemical Co. 2,7-Dichlorofluorescin diacetate (DCFH-DA)
was from Molecular Probes Co., and in situ cell apoptosis
detection kit was from Sino-American Biotechnic Co.
Commercial kits used for determining lipid peroxide and
superoxide dismutase (SOD) activity were obtained from
the Jiancheng Institute of Biotechnology (Nanjing, China).
Cell culture
Cells (1.0×105 cells/mL) were cultured in RPMI supplemented
with 100 mL/L fetal bovine serum containing 2.0 mmol/L
glutamine and 20 µg penicillin-streptomycin/mL in 50 mL/L
CO2 at 37 .
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Experimental design
The experiments were divided into three groups: control
group, 40 µmol/L IAA+1.2 µg/mL HRP (40 µmol/L IAA/
HRP) and 80 µmol/L IAA+1.2 µg/mL HRP (80 µmol/L
IAA/HRP) treatment groups. All tests were carried out in
triplicate.
MTT assay for cell viability
Cells (2×104 cells/well) were seeded onto 96-well plates and
incubated with test substances for an indicated time at 37
in 50 mL/L CO 2. Then, 20 µL/well of MTT solution
(5 mg/mL) was added and incubated for another 4 h.
Supernatants were removed and formazan crystals were
dissolved in 200 µL of dimethylsulfoxide. Finally, optical
density was determined at 540 nm by a POLARstar +
OPTIMA (BMG Labtechnologies).
Detection of apoptosis
Apoptotic cells were identified using an in situ cell apoptosis
detection kit. The cells were treated with IAA/HRP for a
given time, and processed following the manufacturer’s
instruction. At least 1 000 cells were counted in each test,
and the percentage of terminal deoxynucleotidyl transferasemediated dUTP nick end labeling (TUNEL)-positive cells
was calculated.
Measurement of MDA content and SOD activity in cells
The number of cells was adjusted to 1×106 cells/mL, and
broken by ultrasonic with PBS. Homogenates were
centrifuged (1 000 r/min, 10 min, 4 ) and the supernatant
was used immediately for the assays of malondialdehyde
(MDA) and SOD according to the instructions of the kits.
MDA content was determined by the thiobarbituric acid
method[15] and expressed in nanomole per milligram protein.
The assay for total SOD was based on its ability to inhibit
the oxidation of oxyamine by the xanthine-xanthine oxidase
system. The red product (nitrite) had an absorbance at
550 nm. One unit of SOD activity was defined as the
quantity reducing the absorbance at 550 nm by 50%.
The activity of SOD was expressed in nanounit per
milligram protein.
Quantitative image analysis of intracellular ROS in live cells
by confocal microscopy
Cells (2×104 cells/well) were seeded onto 24-well plates with
cover slide and incubated with test substances for an
indicated time at 37 in 50 mL/L CO2. The cells adhered
to the glass flake were incubated with 50 µmol/L of
DCFH-DA for 5 min in dark in a CO2 incubator. DCFHDA is a nonpolar and nonfluorescent compound, which
diffuses into the cells and is hydrolyzed into a polar 2’,7’dichlorofluorescin (DCFH) [16]. The intracellular DCFH
was rapidly oxidized to produce highly fluorescent 2’,
7’-dichlorofluorescein (DCF) at the presence of ROS or
hydrogen peroxide within the cells. After incubation, the
remaining dye was removed and the cells were washed twice
with RPMI-HEPES before imaging collection. All confocal
imaging analyses were performed under a Leica confocal
laser scanning microscope using the 488-nm excitation laser
line and simultaneous dual display mode (522 nm emission
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and phase-contrast) of the BioRad LaserSharp imaging
program. Five random images were collected to determine
the average fluorescence intensity.
Cell cycle analysis by flow cytometry
DNA content per duplicate was analyzed using a FACStar
flow cytometer (Becton Dickinson, Mountainview, CA).
The adherent cells were harvested by brief trypsinization,
and washed with PBS, fixed in 70% ethanol, stained with
20 µg/mL propidium iodide containing 20 µg/mL RNase
(DNase free) for 30 min, and analyzed by flow cytometry.
The populations of G0/G1, S, and G2/M cells were quantitated.
Statistical analysis
The data were expressed as mean±SD and analyzed by
software of SPSS10.0. P<0.05 was considered statistically
significant.

RESUL
TS
RESULTS
Inhibition of cell growth and arrest of cell cycle
The growth of human pancreatic cancer BXPC-3 cells was
measured using MTT assay at varying time points after
treatment. As shown in Figure 1, the combination of IAA
and HRP could inhibit the growth of BXPC-3 cells. The
inhibition of cell growth after treatment with 80 µmol/L
IAA/HRP was higher than that after treatment with
40 µmol/L IAA/HRP, suggesting that the inhibition was in
an IAA dose-dependent manner. Because the inhibition
of cell growth was the highest 2 d after the treatment, we
checked the cell cycle using a flow cytometer at the time
of 2-d treatment. The cell cycle distribution of BXPC-3
cells in control group was 62.28% at G 1/G 0, 0.43% at
G 2/M and 37.28% at S. In the IAA/HRP treatment
group, the cell cycle distribution of BXPC-3 cells significantly
increased at G1/G0 phase, and decreased greatly at S phase,
implying that IAA/HRP could induce the arrest of cells at
G1/G0 phase.

Control
40 µmol/L IAA/HRP

2.0

80 µmol/L IAA/HRP

A at 490 nm

4520

1.5
1.0
0.5
0.0

1

2

3

4 (d)

Figure 1 Effect of IAA and HRP treatment on growth of BXPC-3 cells.

Effect of IAA/HRP treatment on apoptosis of BXPC-3 cells
After TUNEL staining, the apoptotic cells markedly increased
after IAA/HRP treatment. When the cells were treated with
IAA/HRP for 72 h, the apoptosis rate increased to 72.5‰,
which was nine times that of the control (P<0.05, Figure 2).
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Table 1 Cell cycle distribution of BXPC-3 cells 2 d after IAA plus HRP
treatment

80
Apoptosis rate (‰)

4521

Control

Treatment

40 µmol/L IAA/HRP

Control

62.28±8.34

0.43±0.57

37.28±8.91

40 µmol/L IAA/HRP

76.68±5.06a

0.85±1.47

22.47±5.83

80 µmol/L IAA/HRP

76.91±5.78a

18.77±1.87 a

70
60
50
80 µmol/L IAA/HRP

40
30

G1/G0

G2/M

S

4.32±6.66a

a

P<0.05 between control vs treated group.

20
10
0

Table 2 SOD activity and MDA content in BXPC-3 cells 3 d after IAA
and HRP treatment (mean±SD)

Figure 2 Apoptosis rate of BXPC-3 cells 3 d after IAA and HRP treatment.

Production of free radicals in BXPC-3 cells induced by IAA/HRP
The formation of ROS in BXPC-3 cells treated with
IAA/HRP could be detected by confocal microscopy as
the product was able to show fluorescence. As shown in
Figure 3, DCF fluorescence in cells exposed to IAA/HRP
for 3, 6, 24, and 48 h was much brighter compared to that
in control group, suggesting that free radicals were formed in
a IAA dose- and time-dependent manner (Table 1, Figure 4).
Level of MDA and activity of SOD in BXPC-3 cells treated with
IAA/HRP
To investigate the damage of free radicals induced by
IAA/HRP in BXPC-3 cells, MDA content and SOD activity
were measured. The content of MDA and activity of SOD

A

B

C

A
3h

B
6h

Treatment

Control

SOD (nU/mg protein)

105.60±41.04

MDA (µmol/L/mg protein) 20.80±0.33
b

40 µmol/L
IAA /HRP

80 µmol/L
IAA/HRP

135.98±1.46

193.34±37.89b

22.29±1.04

99.53±30.45b

P<0.01 control group vs treatment group.

in BXPC-3 cells increased after IAA/HRP treatment
(Table 2). There were significant differences between
treatment group and control group (P<0.01).

DISCUSSION
Although IAA/HRP-induced cell death and its potential
application in cancer therapy has been recognized[8,17,18], the
sensitivity of different cell types to IAA/HRP might not be
the same[14]. We chose human pancreatic cancer BXPC-3
cells to evaluate IAA/HRP, which could be used in treatment
of human pancreatic cancer. In this study, the MTT assay
showed that the viability of BXPC-3 cells decreased with
increase of IAA in the presence of HRP (Figure 1). In addition,
TUNEL analysis showed that IAA/HRP induced apoptosis
of BXPC-3 cells (Figure 2). In agreement with our results,
it was also reported that the photoproducts of IAA induce
apoptosis of human HL-60 and murine tumor cells[19].
There are two important arrest points in cell cycle at
G 1/G 0 and G 2/M [20-23] . Flow cytometric analysis of
propidium iodide-stained cells showed that cells accumulated
at the G1/G0 phase compared to control (Table 1). These
cell cycle changes suggest that pancreatic cancer cells have
oxidative stress response to IAA/HRP treatment with DNA
damage leading to apoptosis.

C
24 h

Control
40 µmol/L IAA/HRP

D
48 h

DCF fluorescence

60

40
30
20
10
0

Figure 3 Confocal images of intracellular ROS generation after 3, 6, 24, and
48 h exposure of BXPC-3 cells to IAA/HRP. A: Control; B: 40 µmol/L IAA/HRP;
C: 80 µmol/L IAA/HRP.

80 µmol/L IAA/HRP

50

3

6

24

48 (h)

Figure 4 Production of free radicals in BXPC-3 cells exposed to IAA and
HRP.
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DCFH is widely used to measure the oxidative stress in
cells[24-26]. When the diacetate form of DCFH is added to
cells, it diffuses across the cell membrane and is hydrolyzed
by intracellular esterases to liberate DCFH, which upon
reaction with oxidizing species forms its two-electron
oxidation product, the highly fluorescent compound DCF.
The fluorescence intensity can be easily measured by
confocal microscopy and is the basis of the popular cellular
assay for oxidative stress. In this study, DCF was used to
investigate the production of free radicals in BXPC-3 cells
treated with IAA/HRP. The fluorescence intensity increased
in the treatment group in comparison to control group
(Figure 3), suggesting that the formation of free radicals
increases in an IAA dose- and time-dependent manner
(Figure 4).
It is known that tumor cells exhibit metabolic
characteristics in terms of oxygen consumption and
oxidative metabolism. The fact that tumor tissues are more
susceptible to oxidative stress than the surrounding normal
cells is supported by the increase of lipid peroxidation and
DNA damage[27] and the decrease of antioxidant enzyme
activities[28]. Folkes et al.[6], found that lipid peroxidation in
liposomes is stimulated by the IAA/HRP treatment, but it
cannot be measured in mammalian cells. To investigate the
damage of free radicals in cells, MDA content, and SOD
activity were measured in this study. The results showed
that the content of MDA and the activity of SOD in
BXPC-3 cells increased when treated with IAA/HRP
(Table 2). In agreement with our results, it was also reported
that incubation of neutrophils for 24 h in the presence of
IAA increases the activities of SOD, catalase (CAT) and
glutathione peroxidase[29]. Recently, it was reported that ROS
activates the ERK signaling cascade[30-32]. Kim et al.[33], proved
that IAA/HRP can activate p38 mitogen-activated protein
(MAP) kinase and c-Jun N-terminal kinase (JNK) in G361
human melanoma cells, which are almost completely blocked
by antioxidants.
In summary, the combination of IAA and HRP can
inhibit the growth of human pancreatic cancer BXPC-3
cells in vitro by inducing apoptosis, which is associated with
the increase of free radicals.
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Abstract
AIM: To study the changes of endogenous interleukin 18
(IL-18) levels and evaluate the role of IL-18 on lung injury
following gut ischemia/reperfusion.
METHODS: A superior mesenteric artery occlusion model
was selected for this research. The mice were randomly
divided into four groups: Sham operation (sham), ischemia
(0.5 h) followed by different times of reperfusion (I/R),
and I/R pretreated with exogenous IL-18 (I/R+IL-18) or
IL-18 neutralizing antibody (I/R+IL-18Ab) 15 min before
ischemia. Serum IL-18 levels were detected by Western
blot and ELISA, and the levels of IL-18 in lung tissue were
evaluated by immunohistochemical staining. For the study
of pulmonary inflammation, the lung myeloperoxidase (MPO)
contents and morphological changes were evaluated.
RESULTS: Gut ischemia/reperfusion induced rapid increase
of serum IL-18 levels, peaked at 1 h after reperfusion
and then declined. The levels of IL-18 in lung tissue were
gradually enhanced as the progress of reperfusion.
Compared with I/R group, exogenous administration of
IL-18 (I/R+IL-18) further remarkably enhanced the
pulmonary MPO activity and inflammatory cell infiltration,
and in I/R+IL-18Ab group, the content of MPO were
significantly reduced and lung inflammation was also
decreased.
CONCLUSION: Gut ischemia/reperfusion induces the
increase of IL-18 expression, which may make IL-18 act
as an important proinflammatory cytokine and contribute
to gut ischemia/reperfusion-induced lung inflammation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Multiple organ dysfunction syndrome (MODS) is the leading
cause of death in critically ill patients. Although systemic
inflammation characteristic of MODS can result in damage
to any organ, onset of the syndrome is usually heralded by the
development of respiratory insufficiency[1,2]. Gut ischemia and
reperfusion (I/R) is a prime mechanism that results in the
pathogenesis of MODS partly dependent on neutrophils[2].
Neutrophils can be activated in response to reperfusion of
ischemia tissue or exposure to endotoxin and pro-inflammatory
cytokines[1]. Activated neutrophils adhere to endothelium
through adhesion molecules, resulting in localized release
of proteases, reactive oxygen species (ROS) and various
cytokines and inflammatory mediators that contribute to
tissue injury and failure[1,2].
Interleukin 18 (IL-18), known initially as an IFN-γinducing factor, is a pleiotropic proinflammatory cytokine
and it has direct proinflammatory properties. In this respect,
IL-18 induces production of proinflammatory cytokines
such as TNF-α, IL-1β and chemokines such as IL-8, MIP-1α
and MCP-1[3,4], and upregulates expression of adhesion
molecules such as ICAM-1, VCAM-1 on endothelial cells[3,5].
Furthermore, IL-18 is found to activate neutrophils and
promote neutrophil migration, adhesion and accumulation
in vivo[6]. These data suggest that IL-18 may be involved in
the inflammatory injuries associated with I/R[1,2,7,8]. Therefore,
recent evidence showing that some local tissue ischemic
injuries are associated with increased IL-18 levels[9,10], and
elevated IL-18 levels have been detected in response to
hepatic I/R injury[11]. A direct correlation has been observed
between IL-18 levels and liver neutrophils sequestration and
liver injury, which suggests that IL-18 is required for
facilitating neutrophil-dependent hepatic I/R injury[11].
Similarly, increased levels of IL-18 have been detected in
isolated atrial trabeculae during I/R injury[12]. Inhibition of
IL-18 or caspase-1 activity attenuated tissue and circulating
levels of IL-18 and improved myocardial contractility,
suggesting that endogenous IL-18 play a significant role in
I/R-induced human myocardial injury [12]. Furthermore,
Melnikov et al., reported that caspase-1 and IL-18 play an
important role in the ischemic acute renal failure[13]; however,
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there is also evidence suggesting that activated caspase-1
and its inflammatory products are not crucial to the induction
of inflammation after renal I/R[14]. It is intriguing to consider
the role of IL-18 in the I/R-induced local organ injury, and
no evidence exists on the role of IL-18 in the MODS following
I/R. Therefore, the major aim of present study was to
determine the change of expression and role of IL-18 in
the acute pulmonary injury after gut ischemia/reperfusion.

MA
TERIALS AND METHODS
MATERIALS
Reagents and mice
C57BL/6J mice (SPF) were obtained from animal center,
SIBS, Shanghai. For the experiments, 8-10-wk-old mice
weighing 22-26 g were used. rmIL-18 was expressed and
purified in our lab (purity>95% by SDS-PAGE) and the
activity was confirmed by its ability to induce IFN-γ production
by mouse spleen cells. For immunohistochemical analysis,
polyclonal rabbit anti-mouse IL-18 antibody was purchased
from Boster (Wuhan, China). For immunoprecipitation and
Western blot analysis, polyclonal rabbit anti-murine IL-18
antibody was provided by PeproTech (Rocky Hill, NJ, USA).
Ischemia/reperfusion model
Mice were anesthetized by intraperitoneal injection of
urethane (250 mg/mL, 1.25 mg/g wt of mouse, Sigma).
The abdomen was rinsed with 75% ethanol, a midline
laparotomy was performed and the superior mesenteric
artery was occluded with an arterial clamp. Intestinal ischemia
was confirmed by pulselessness of the mesenteric artery
and paleness of the jejunum and ileum. Sham-operated mice
underwent the same procedure, but without vascular
occlusion. After 30 min, the clamp was removed, sterile
saline was injected into the peritoneal cavity for resuscitation,
and the mice were sutured.
Experimental protocols
The mice were randomly divided into four groups (n = 5 in
each): sham, I/R, I/R+IL-18, and I/R+anti-IL-18. For
exogenous IL-18 studies, animals were pretreated with either
IL-18 (5 µg/mouse) or sterile saline via the lateral tail vein
15 min before ischemia. For IL-18 neutralization studies,
mice received monoclonal anti-IL-18 antibody (25 µg/mouse,
MBL, Nagoya, Japan) or sterile saline 15 min before ischemia.
Animals underwent 30 min of superior mesenteric artery
occlusion (or sham operation) followed by indicated periods
of reperfusion were killed, lung tissues, and blood samples
were taken for analysis. Excised lungs were frozen in liquid
before determination of
nitrogen and stored at -70
myeloperoxidase (MPO) activity. For histological or immunohistochemical studies, lungs were immersed in 10% neutral
buffered formalin before sectioning. All blood samples were
kept at room temperature for 2 h to clot, and serum was
until the time of assay.
removed and stored at -70
Serum IL-18 measurements
Animals underwent cardiac puncture to obtain blood at the
indicated times in the reperfusion period. Systemic levels
of IL-18 were evaluated by immunoprecipitation followed
by Western blot. Serum was diluted to 1 mL with PBS, and
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serum IL-18 was immunoprecipitated with rabbit anti-murine
IL-18 antibody. Then, the immunoprecipitates were resolved
by SDS-PAGE (12-15% acrylamide) under reducing
conditions. Gels were transferred to NC membranes and
incubated with primary antibodies (1:1 000) at 4 overnight.
Then mouse anti-rabbit IgG peroxidase was added and
developed by ECL. Serum levels of IL-18 were further
measured by ELISA according to the manufacturer’s
instructions (Boster, Wuhan, China). The detection limit for
IL-18 was <5 pg/mL.
MPO assay
MPO activity is an indicator of neutrophil accumulation.
The content of MPO in the tissues was measured as
previously described with slight modification[7]. The lungs
were homogenized for 30 s in 4 mL 50 mmol/L potassium
phosphate buffer (pH 6.0) and then centrifuged for 30 min
at 16 000 g at 4 . The pellet was resuspended in 1.5 mL
50 mmol/L potassium phosphate buffer (pH 6.0) containing
5 g/L cetrimonium bromide. The samples were sonicated
for 90 s and then incubated in a 60 water bath for 2 h, and
centrifuged for 30 min at 35 000 g at 4 . The supernatant
50 µL was added to 950 µL of 50 mmol/L potassium
phosphate buffer (pH 6.0) containing 0.167 mg/mL odianisidine (Sigma) and 5 µL/L hydrogen peroxide.
Absorbance of 460 nm was measured at 1 and 3 min. MPO
content per gram of wet tissue was calculated as: MPO
content (A/g wet tissue) = (A460(3 min)-A460(1 min))/tissue
weight (g).
Histopathology and immunohistochemistry
Lungs were immersed in 10% neutral buffered formalin
before sectioning. Sections (4 µm) were obtained from
paraffin-embedded tissue samples, stained with hematoxylineosin (HE), and examined for histological evaluation of
tissue damage under a microscope and photographed. For
immunohistochemical analyses, paraffin-embedded lung
with
sections of 4 µm were incubated overnight at 4
polyclonal rabbit anti-mouse IL-18 antibody (dilution 1:100).
Biotinylated IgG was added as second antibody. Horseradish
peroxidase-labeled streptomycin-avidin complex was used
to detect second antibody. Slides were stained with diaminobenzidine, counterstained with hematoxylin, and finally
examined under light microscope. The brown or dark brown
stain was considered as positive.
Statistical analysis
All data are presented as mean±SD. Significant differences
between groups were determined using Student’s t-test.
P<0.05 is considered as statistically significant.

RESUL
TS
RESULTS
Ischemia/reperfusion-induced upregulation of IL-18 levels
IL-18 has been shown to be upregulated after ischemia in
the kidney, heart, and liver. Therefore, we investigated
whether the levels of IL-18 changed in response to gut
ischemia/reperfusion. The serum, obtained from sham and
from gut I/R model at different times of reperfusion, was
first evaluated by Western blot, and the change of IL-18
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levels is shown in Figure 1A. Two bands were detected in
all serum samples, which are consistent with the “pro” and
“mature” form of IL-18. At time 0, the content of IL-18
from I/R group, for both pro and mature, was elevated as
compared with that from sham-operated mice, and the levels
of mature IL-18 (mIL-18) was further considerably elevated
1 h after reperfusion, and then decreased at 3 h (Figure 1A).
Mouse serum IL-18 was further detected by ELISA
after gut ischemia/reperfusion or sham operation. As
shown in Figure 1B, IL-18 levels from normal mouse were
<200 pg/mL. Consistent with the previous results, there
was a marked increase in serum IL-18 from I/R group,
peak at 1 h (at 660 pg/mL), followed by a decline. In the
sham group, there was little measurable change in IL-18
levels during all reperfusion time.
Furthermore, lung tissues obtained from normal mouse
and I/R mice with 1 or 3 h reperfusion was examined by
immunohistochemistry. Besides the constitutive expression
of IL-18 in air way epithelium, normal lung tissue lacked
immunoreactive IL-18 (Figure 1C, a and b); during 1-3 h
of reperfusion, gradually increased levels of IL-18 were
observed with prominent IL-18 staining (Figure 1C, c and
d). These data indicated that IL-18 is induced at the early
phase of ischemia/reperfusion and may participate in the
pulmonary inflammation.
Effects of rmIL-18 on lung inflammation after gut I/R
Ischemia-induced expression of IL-18 increased remarkably
at the early phase of reperfusion, suggesting that IL-18
may be an early inflammatory mediator and involved in the
injurious processes in lung after gut I/R, which prompted
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us to suppose whether administration of exogenous IL-18
could exert early effects on neutrophil activation and
accelerate lung injury. As shown in Figure 2, in the IL-18nontreated group, gut ischemia/reperfusion induced gradually
increased MPO activity in the lungs at 0.5, 1, or 3 h after
reperfusion (0.65±0.08, 0.86±0.19, or 1.99±0.17 respectively),
and IL-18 injection further dramatically enhanced the MPO
activity in the lung tissues at each indicated times after
reperfusion: the MPO value in IL-18-treated mice was
further increased to 1.54±0.38 (a 237% increase), and
2.63±0.20 (a 306% increase) at 0.5 or 1 h after ischemia
respectively, as compared with IL-18-nontreated group
(P<0.05); and IL-18 administration induced much more
neutrophils infiltration in lung within 1 h of reperfusion
than that of 3 h of reperfusion in IL-18-nontreated group
(Figure 2A). Furthermore, after 3 h of reperfusion, the
MPO activity was further increased to higher level (3.68±0.45,
a 184% increase) compared with that from IL-18-nontreated
mice (P<0.05). These data suggested that IL-18 injection
enhanced pulmonary MPO activity and augmented the
neutrophil accumulation in lung.
Lung inflammation in this model was evident from
histological analysis (Figure 2B). As previously reported, massive
neutrophil infiltration was observed in the lung tissues from
gut I/R model within 3 h of reperfusion (Figure 2B, b).
Although the infiltration in IL-18-nontreated mice at 1 h
after ischemia was not obvious (Figure 2B, a), IL-18 injection
significantly enhanced the pulmonary infiltration after 1 h
of reperfusion (Figure 2B, c). Furthermore, treatment of
IL-18 induced more serious inflammatory cell infiltration
compared with that of IL-18-nontreated mice as the reperfusion
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Figure 1 Gut ischemia/reperfusion results in increased levels of IL-18 in serum
and lung. (A and B) The circulating levels of IL-18 after gut ischemia/reperfusion.
Mice were subjected to gut ischemia/reperfusion or sham. Serum IL-18 at the
indicated times after reperfusion was collected, part of which was immunoprecipitated
with polyclonal rabbit anti-murine IL-18 antibody and analyzed by immunoblotting

(A), and another part was assayed with ELISA (B) (n = 5). (C) Gut ischemia/
reperfusion results in elevated levels of IL-18 in lung tissue. Immunohistochemistry
of lung sections obtained from normal (a, ×100, and b, ×200), 1 h (c) or 3 h (d)
I/R model. The positive staining for IL-18 shows as dark brown. Magnification
(c and d) ×200.
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Figure 2 The effect of exogenous IL-18 on the ischemia/reperfusion-induced
lung injury. A: IL-18 injection further remarkably enhanced the neutrophil
sequestration in lung. After indicated times of reperfusion, the MPO activity was
determined in lung tissue (n = 5), aP<0.05 vs I/R. B: Comparison of pulmonary

histopathology. Lungs from IL-18-nontreated (a, for 1 h of reperfusion and b, for
3 h) or IL-18-treated (c, for 1 h and d, for 3 h of reperfusion) mice subjected to gut
I/R and stained with HE. Magnification ×100.

time extended to 3 h (Figure 2B, b and d), which in accordance
with the higher MPO activity in IL-18-treated group. Both
indices of lung inflammation, including histological changes
and MPO activity, suggest that IL-18 injection may accelerate
and augment the lung inflammatory injury in response to
gut I/R, and IL-18 may be involved in the lung pathogenesis
in this I/R model as an early inflammatory mediator.

the lung inflammation was evaluated histopathologically. As
shown in Figure 3, anti-IL-18 recipient mice exhibited
significantly reduced tissue MPO activity (more than 50%
decrease in the lung MPO levels) as compared with the
positive control (P<0.05, Figure 3A). Consistent with this,
the inflammatory infiltration was significantly reduced in
anti-IL-18-treated mice (Figure 3B). These data suggested
the IL-18Ab attenuated lung inflammation induced by gut
I/R and supported the concept that endogenous IL-18
functioned as an important proinflammatory factor, which
may be involved in the neutrophil sequestration and lung
injury in this gut I/R model.

Effects of anti-IL-18 on lung inflammatory induced by gut
ischemia/reperfusion
To further determine the role of induced IL-18 in the lung
pathogenesis, we investigated whether in vivo neutralization
of IL-18 could modify neutrophil-mediated acute inflammatory
response induced by gut I/R. Anti-IL-18Ab (25 µg/mouse)
was administered 15 min before ischemia insult, and after
3 h of reperfusion, the MPO levels were determined and
A

3.0

B
a

MPO (A per g lung)

2.5
2.0
1.5

DISCUSSION
To date, IL-18 has been known for its role in infectious
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0.0

Sham I/R I/R+IL
-18 Ab

Figure 3 The effect of anti-IL-18 antibody on the ischemia-induced lung injury.
A: Anti-IL-18 antibody injection remarkably inhibited the lung MPO activity. After
3 h of reperfusion, the MPO activity was determined in lung tissues (n = 5),

a

P<0.05 vs others. B: Comparison of pulmonary histopathology. Lungs from
ischemic mice (a, for 3 h of reperfusion), and ischemic mice treated with IL-18Ab
(b, for 3 h of reperfusion) and stained with HE. Magnification ×100.
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inflammatory injury. However, few investigations have been
accomplished regarding the role of IL-18 during non-infectious
acute inflammatory reactions such as those that occur in
ischemia/reperfusion. Previous reports have shown that
IL-18 have important regulatory role during organ injury
induced by local ischemia/reperfusion[11-13]. In the current
study, we used a model of acute lung inflammation induced
by gut ischemia/reperfusion, which results in damage of
capillary endothelial cells and neutrophil influx, and oxidants,
proteases released from inflammatory cells damage lung
cells and tissue matrix[1-3]. The role of IL-18 in this model
of lung injury has not been explored. The current study
provides evidence that endogenous IL-18 may act as a
proinflammatory cytokine and contribute to gut ischemia/
reperfusion-induced lung inflammation.
Our results, consistent with the previous reports, have
shown that local ischemia may induce the elevation of IL18 level [11-13]. It promptly reached peak at 1 h and then
declined to baseline. However, the levels of IL-18 in lung
tissue were not the same. Constitutively, expression of
IL-18 in airway epithelium has been observed by using
immunohistochemistry, and as the reperfusion time extended
to 3 h, the level of IL-18 in air way epithelium was greatly
enhanced and immunoreactive IL-18 dispersed all over the
lung tissue, which suggests that pulmonary expression of
IL-18 may be enhanced during reperfusion as the inflammatory
agents secreted from intestine reached the lung tissue and
further, the IL-18 receptor mediated mechanism may also
account for the pulmonary accumulation of IL-18, which
in accordance with the rapid decline of serum IL-18 level
during reperfusion.
IL-18 has been known to be produced as a proform
and stored in cytoplasm. After the cleavage of caspase-1, it
turns to a functional, mature protein. By Western blot analysis,
the IL-18 mature protein was quickly increased after 1 h
of reperfusion (Figure 1A), which suggests that gut ischemia
may result in the activation of caspase-1 and enhance the
maturation and secretion of IL-18. Furthermore, previous
reports have shown that ischemia also induces IL-1β
expression. Therefore, it is possible that intestinal caspase-1
may play a key role in expression of both the mature IL-18
and IL-1β, and ischemic gut may serve as a major source
for circulating IL-18 in this model.
Experimental studies have suggested that IL-18 protects
against bacterial and viral agents[3], which is thought to be
attributable in part to the infiltration of inflammatory cells
after treatment with IL-18. There is also evidence suggesting
that IL-18 may activate neutrophils and promote neutrophil
migration and accumulation in vivo[6]. In the current studies,
we showed that the in vivo exogenous administration of IL18 before gut ischemia greatly enhanced neutrophil recruitment
as well as lung inflammation (Figure 2). Conversely, IL-18
blockade reduced the evidence of lung inflammation by
neutralizing Ab (Figure 3). These results suggest that IL-18
may, like IL-1β, be an important early pro-inflammatory
cytokine involved in the pathogenesis of acute lung
inflammation induced by gut ischemia/reperfusion.
Furthermore, these data also suggest that the preoperative
levels of serum IL-18 may represent a valuable parameter
to aid the postoperative prognostic determinant in clinical
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patients with ischemia-induced MODS.
But how IL-18 is activated, and how it enhances the
pulmonary inflammation during ischemia/reperfusion is still
unknown. There is evidence indicating that NO suppresses
IL-18 processing by inhibiting caspase-1 activity[15,16]. It is
likely that ischemia-induced decrease of NO levels may
result in the activation of caspase-1 and the further secretion
of mature IL-18. Furthermore, it is clear that IL-18, a
pleiotropic proinflammatory cytokine, has an endogenous
role in enhancing production of several early response
cytokines during lung inflammation, such as TNF-α, IFN-γ,
and IL-1β. Previous reports have shown that IL-18 may
activate neutrophil and promote neutrophil migration and
accumulation in vivo via a TNF-α-dependent pathway[6,17].
However, the mechanism of pulmonary neutrophils sequestration is possibly independent of TNF-α in this lung injury
model[18], which suggests that the function of IL-18 may
not be totally dependent on the role of TNF-α. These works
are now in progress in our group.
The present data expand our knowledge of the immunoregulatory properties of IL-18. Our findings are clinically
applicable to ischemia/reperfusion injury during surgical
operation such as small intestinal transplantation, and
modulation of IL-18 expression may enhance endogenous
protective effects, leading to a reduction in organ injury.
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Abstract
AIM: To observe the relationship between ethanol-induced
oxidative damage in human primary cultured hepatocytes
and cytochrome P450 2E1 (CYP2E1) activity, in order to
address if inhibition of CYP2E1 could attenuate ethanolinduced cellular damage.
METHODS: The dose-dependent (25–100 mmol/L) and
time-dependent (0-24 h) exposures of primary human
cultured hepatocytes to ethanol were carried out. CYP2E1
activity and protein expression were detected by
spectrophotometer and Western blot analysis respectively.
Hepatotoxicity was investigated by determination of lactate
dehydrogenase (LDH) and aspartate transaminase (AST)
level in hepatocyte culture supernatants, as well as the
intracellular formation of malondialdehyde (MDA).
RESULTS: A dose-and time-dependent response between
ethanol exposure and CYP2E1 activity in human
hepatocytes was demonstrated. Moreover, there was a
time-dependent increase of CYP2E1 protein after 100
mmol/L ethanol exposure. Meanwhile, ethanol exposure
of hepatocytes caused a time-dependent increase of
cellular MDA level, LDH, and AST activities in supernatants.
Furthermore, the inhibitor of CYP2E1, diallyl sulfide (DAS)
could partly attenuate the increases of MDA, LDH, and
AST in human hepatocytes.
CONCLUSION: A positive relationship between ethanolinduced oxidative damage in human primary cultured
hepatocytes and CYP2E1 activity was exhibited, and the
inhibition of CYP2E1 could partly attenuate ethanol-induced
oxidative damage.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The enzymes that are believed to be primarily responsible
for the oxidation of ethanol are alcohol dehydrogenase,
catalase, and cytochrome P450 2E1 (CYP2E1), all of which
appear to be relatively widely distributed in mammalian
cell types[1,2]. Ethanol has long been known to have cytotoxic
effects on a wide variety of animal cell types, even at
relatively low doses[3,4]. In several cell types and organs such
as liver[5], it is now believed that the toxicity of ethanol
stems principally from free radicals produced during
oxidation[6] that can then damage cellular components such
as DNA, proteins, and membrane lipids.
CYP2E1 is of special interest because of its ability to
metabolize and activate numerous hepatotoxic substrates
in the liver such as ethanol, carbon tetrachloride,
acetaminophen, and N-nitroso dimethylamine, to more toxic
products. CYP2E1 exhibits enhanced reduced form of
nicotinamide adenine dinucleotide phosphate oxidase activity
and is very reactive in catalysis of lipid peroxidation and
production of reactive oxygen intermediates (ROI) such as
H2O2 in higher amounts relative to other P450 isoforms[7].
Induction of cytochrome CYP2E1 by ethanol appears to
be one of the central pathways by which ethanol generates
a state of oxidative stress. In addition, oxidation of ethanol
by CYP2E1 produces acetaldehyde, a highly reactive
compound that may contribute to the toxic effect of
ethanol[8]. Hence, there is considerable interest in the role
of reactive oxygen species (ROS) during ethanol metabolism
by which ethanol is hepatotoxic.
CYP2E1 is shown to be more effective in catalyzing
lipid peroxidation compared to several other forms of
cytochrome P450 enzymes. Increases in formation of ROS
by microsomes isolated from ethanol-treated rats were
prevented by anti-CYP2E1 IgG, thus linking them to
induction of CYP2E1[9]. In the intragastric ethanol feeding,
significant alcoholic injury occurred[10]. In addition, large
increases in lipid peroxidation have been observed, and the
ethanol-induced liver pathology has been shown to correlate
with CYP2E1 levels and elevated lipid peroxidation, and to
be blocked by inhibitors of CYP2E1. Moreover, CYP2E1
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inhibitors also reduced ethanol-induced ROS formation,
suggesting that CYP2E1 contributes to ROS formation.
Inhibitors of CYP2E1 were also shown to prevent ethanol
cytotoxicity in transduced HepG2 cells[11].
However, question arises whether the responses to
expression of different forms of cytochromes P450 are
similar in rats and humans. The concentrations of ethanol
required to increase CYP2E1 in cultured human hepatocytes
are dramatically lower than those required to induce these
forms of P450 in cultured rat hepatocytes. The activity of
alcohol dehydrogenase, a major enzyme involved in ethanol
metabolism, is lower in human liver than in rat liver. Thus,
in the human hepatocyte cultures, more ethanol may be
available intracellularly to induce the P450s due to lower
metabolism. Alternatively, the mechanism of induction of
these forms of P450s may be different in human than in
rat hepatocytes[12]. In this study, we investigated the effects
of ethanol administration on human primary culture
hepatocytes in order to determine if there is a correlation
between CYP2E1 activity and ethanol-induced oxidative
damage in human hepatocytes, and further address if diallyl
sulfide (DAS), an inhibitor of CYP2E1 [13], could partly
attenuate ethanol-induced oxidative damage.

MA
TERIALS AND METHODS
MATERIALS
Materials
Williams’ medium E (with Glutamax-1), HEPES, and
penicillin/streptomycin were obtained from Life Technologies
(Karlsruhe, Germany), insulin and hydrocortisone were
supplied from Sigma (Deisenhofen, Germany), while calf
serum was purchased from PAA Ltd (Linz, Austria), antimouse CYP2E1 antibody was purchased from Amersham
(Germany). Western blot development kits were purchased
from Amersham (ECL, Buckinghamshire, UK). All other
reagents were obtained from Sigma unless indicated otherwise.
Isolation and culture of human hepatocytes
Human liver tissue weighing 5-10 g was obtained from
liver resections of cholecystectomy of patients who had
no known liver pathology, nor had they received medication
during 4 wk prior to surgery. None of the patients was a
habitual consumer of alcohol or other drugs. The collection
of tissue was done according to institutional guideline, and
the patient’s written consent. Immediately after resection, a
wedge section of the normal tissue was transferred under
sterile conditions to the laboratory in culture media. Human
hepatocytes were isolated by a two-step collagenase perfusion
technique followed by a Percoll centrifugation step as
previously described[14]. Hepatocyte purity assessed under
light microscope was over 95% and viability consistently
exceeded 93% by trypan blue exclusion. The freshly
harvested human hepatocytes were then seeded onto rat-tail
collagen-coated Petri dishes or 12-well culture trays. The
medium consisted of Williams’ E medium supplemented
with 1 µmol/L insulin, 15 mmol/L HEPES, 1.4 µmol
hydrocortisone, 10% calf serum, penicillin (100 U/mL),
and streptomycin (100 µg/mL). Cells were incubated in a
humidified incubator in 950 mL/L air and 50 mL/L CO2
at 37
until cell attachment. On the following day, cells
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were exposed to various concentrations of ethanol (25100 mmol/L) for 9 h. Time-dependent studies were
undertaken in human hepatocytes using 100 mmol/L ethanol
between 0.5 and 24 h. At the corresponding time intervals,
cells and supernatants were collected in agreement with the
applied technique.
CYP 2E1 enzyme activity
Human hepatocytes were seeded onto 12-well dishes at a
concentration of 0.5×10 6 cells. The cells were cultured
overnight, fresh medium alone or medium containing various
concentrations of ethanol or DAS (25-100 µmol/L) was
added, and the cells were incubated for various lengths of
time. Cells were harvested with a cell scraper and washed
with PBS twice. The activity of CYP2E1 was determined
by the rate of hydroxylation of p-nitrophenol[15], at 546 nm.
Plates were washed with saline to remove traces of phenol
red and incubated with 0.5 mmol/L p-nitrophenol up to
60 min. The extinction coefficient for p-nitrophenol is
10.28 mmol/(L·cm). Results were expressed as formed
p-nitrophenol pmols/min/mg protein.
Cellular damage
LDH and AST measurement Both enzymes, LDH and
AST, were measured using a commercially available test
kit. Results were expressed as units per liter.
Lipid peroxidation measurement MDA, formed from
the breakdown of polyunsaturated fatty acids, was used as
a convenient index for determining the extent of lipid
peroxidation reactions. It was assayed in human hepatocytes
using the thiobarbituric acid reaction as described by
Wrighton et al.[12]. The absorbance of the resulting organic
layer was measured spectrophotometrically at 532 nm
and calculated in relative to an external standard (1,1,3, 3tetraethoxypropane) of MDA. Results were expressed as
nmol/mg of protein.
Western blot analysis Cells were washed twice with
PBS and homogenized in a buffer containing protease
inhibitors. Protein concentrations were determined by the
method of Lowry, using bovine serum albumin as the
standard. Proteins were separated on a 10% SDS polyacrylamide
gel, and then transferred onto polyvinylidene difluoride
membranes[16,17]. Nonspecific binding sites were blocked
by overnight incubation of membranes in nonfat milk
(5/100 g) solution solved in PBS/Tween-20 at 4 . After
washing with PBS/Tween-20, the membranes were
incubated with a CYP2E1 antibody, followed by an
incubation with a horseradish-peroxidase-conjugated
antibody at room temperature for 1 h. Then, membranes
were washed again with PBS/Tween-20 for 1 h, and the
immune complexes were developed using a chemiluminescence detection system. Equal loading of total protein
was verified using a commercially available antibody
against β-actin[18].
Statistical analysis
Values were expressed as mean±SD of three values per
experiment and experiments were repeated at least twice.
Differences were analyzed by using the ANOVA test.
Statistical significance was established at a P value <0.05.
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Figure 1 Dose- and time-dependent CYP2E1 activity by ethanal administration.
A: Ethanol dose-dependent induction of CYP450 2E1. Hepatocytes were
incubated with various concentrations of ethanol (0-100 mmol/L) for 9 h.
CYP2E1 enzyme activity was measured as described in Materials and
methods. CT: control; a P<0.05, bP<0.01 vs untreated control cultures. Each
point represents the mean±SE of triplicates of five independent experiments;

RESUL
TS
RESULTS
Dose- and time-dependent CYP2E1 activity by ethanol
administration
As depicted in Figure 1A, we observed a dose-dependent
increase in CYP2E1 activity, which reached its maximum
at 100 mmol/L ethanol after 9 h exposure as compared to
untreated control cultures (CT: 50.09±6.68 pmol/mg
protein per min vs 100 mmol/L ethanol: 130.7±12.61
pmol/mg protein per min; P<0.01). We found that the
exposure to 100 mmol/L ethanol led to a continuous increase
in CYP2E1 activity in human hepatocytes (Figure 1B).
CYP2E1 activity increased rapidly and reached its maximum
between 6 and 12 h after ethanol exposure. Then, by 24 h
we saw a decline of CYP2E1 activity. CYP2E1 activity
between 3 and 24 h was significantly higher compared to
untreated control cultures.
Time-dependent CYP2E1 protein expression after ethanol
exposure
Figure 2 shows a time-dependent expression of CYP2E1
protein in human hepatocytes. We demonstrated that the
exposure to 100 mmol/L ethanol of human hepatocytes
induced continuous increase of CYP2E1 protein expression
during the investigation period.
Cytotoxicity of ethanol in human hepatocytes
The formation of various radicals was closely linked to
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Figure 2 Western blot analysis of time-dependent induction of CYP2E1 protein
expression in human hepatocytes. Human hepatocytes were incubated with
medium alone or medium containing 100 mmol/L ethanol for 0-24 h. Each was
loaded with 100 µg of the sample. Experiments were carried out as described
under Materials and methods (CT: control).
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B: Ethanol time-dependent induction of CYP2E1 enzyme activity in human
hepatocytes. Hepatocytes were incubated with medium in the presence or
absence of 100 mmol/L ethanol for various lengths of time (0-24 h). CYP2E1
enzyme activity was measured. CT: control; aP<0.05, bP<0.01 vs untreated
control cultures. Each point represents the mean±SE of triplicates of five
independent experiments.

oxidative injury. A typical characteristic of radical formation
was lipid peroxidation, where malondialdehyde (MDA) was
a by-product that could be easily measured in cells and
tissue. Figure 3 shows that MDA levels increased with
time, reaching first time significant level already after 3 h
(P<0.05 vs controls) of ethanol exposure. The maximum
MDA formation in human hepatocytes after ethanol
exposure was seen at 9 h and thereafter a slow decline of
the lipid peroxidation could be seen. Moreover, there
appeared to be a positive relation between CYP2E1 activity
and MDA level (r = 0.9724, P<0.01).
Further, the degree of cellular injury caused by ethanol
can be estimated by the leakage of enzymes from the
hepatocytes. In order to evaluate the hepatocellular damage
caused by ethanol, supernatants taken from hepatocyte
cultures were screened for the presence of LDH and AST.
In our experiments, ethanol caused a clear time-dependent
release of LDH and AST. (LDH: CT = 15.6±1.66 U/L,
100 mmol/L ethanol (24 h): 84.5±7.86 U/L, P<0.01 vs
CT; Figure 4. AST: CT = 94.22±9.52 U/L, 100 mmol/L
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Figure 3 Ethanol-dependent formation of MDA in human hepatocytes.
Hepatocytes were incubated with 100 mmol/L ethanol for various lengths of time
(0-24 h). MDA formation was measured as described in Materials and methods.
CT: control; aP<0.05, bP<0.01 vs untreated control cultures. Each point represents
the mean±SE of triplicates of five independent experiments.
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Figure 4 Time course experiments for LDH release after ethanol (100 mmol/L)
exposure between 0.5 and 24 h. CT: control; a P<0.05, bP<0.01 vs untreated
control cultures. Each point represents the mean±SE of triplicates of five
independent experiments.

ethanol (24 h): 181.91±11.55 U/L, P<0.01 vs CT Figure 5.)
The above results indicated that ethanol was toxic to human
hepatocytes, and there was positive relationship between
CYP2E1 activity induced by ethanol and ethanol-induced
cellular damage.
Protection from ethanol-induced oxidative damage by CYP2E1
inhibitors
In the following set of experiments we addressed the
question whether the inhibition of CYP2E1 could protect
human hepatocytes from ethanol-induced cellular damage.
First, we found that the co-induction of ethanol with 25 or
50 µmol/L DAS, produced no cellular protection against
the ethanol-induced cytotoxicity. In contrast, when cells were
co-inducted with 100 µmol/L DAS and ethanol for 9 h, we
saw a profound reduction of MDA formation caused by
ethanol (Table 1). However, MDA formation was still higher
than that of untreated control cultures. This reversing effect
of DAS was also seen with regard to the release of LDH
and AST (Table 1). There was no effect on MDA, LDH,
and AST, when 25-100 µmol/L DAS was incubated with
ethanol, respectively (Table 1). Thus, the inhibition of
CYP2E1 could partly attenuate ethanol-induced cytotoxicity
in human primary hepatocytes.

Table 1 Ethanol exposure of hepatocytes causes cellular damage
in human hepatocytes
Group

MDA
(nmol/mg protein)

LDH (U/L)

CT

36.37±3.64

15.6±1.66

94.22±9.52

100 mmol/L ethanol
100 mmol/L ethanol plus

69.05±4.41
65.31±9.32

84.5±7.86
80.4±8.86

181.91±11.55
174.51±17.12

25 µmol/L DAS
100 mmol/L ethanol plus

59.54±7.02

75.5±7.06

160.42±17.86

50 µmol/L DAS
100 mmol/L ethanol plus

AST (U/L)

56.13±6.32a

70.8±6.24a

156.42±15.55a

100 µmol/L DAS
25 µmol/L DAS

37.43±3.45

16.7±1.85

93.056±9.64

50 µmol/L DAS
100 µmol/L DAS

36.43±4.15
38.43±4.05

15.8±1.33
17.6±1.95

a
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P<0.05 vs 100 mmol/L ethanol (n = 5).

92.16±9.04
96.32±10.08
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12
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24

Figure 5 Time course experiments for AST release after ethanol 100 mmol/L
exposure between 0.5 and 24 h. CT: control; aP<0.05, bP<0.01 vs untreated
control cultures. Each point represents the mean±SD of triplicates of five
independent experiments.

DISCUSSION
Ethanol consumption and its effects on CYP2E1 in animals
have long been studied in the past. However, reports
about the influence of CYP2E1 inhibition on human
primary hepatocytes and its possible positive effects on
ethanol-induced toxicity are very limited. The concentrations
of ethanol required to increase CYP2E1 in cultured human
hepatocytes are dramatically lower than those required to
induce the same forms of P450 in cultured rat hepatocytes.
The activity of alcohol dehydrogenase, a major enzyme
involved in ethanol metabolism, is lower in human liver
than in rat liver. Thus, in the human hepatocyte cultures,
more ethanol may be available intracellularly to induce the
P450s due to lower metabolism. Alternatively, the mechanism
of induction of these forms of P450s may be different or
more sensitive in human than in rat hepatocytes[12]. It was
reported that 25-100 mmol/L ethanol could lead to sustained
cellular damage such as teratogenesis in guinea pigs,
ethanol-induced unconsciousness or even death in humans[19].
In the present study, 25-100 mmol/L ethanol was used to
investigate the relationship between ethanol exposure and
CYP2E1 gene expression. Meanwhile, cellular LDH, AST,
and MDA levels were chosen to assess hepatocyte damage
caused by ethanol exposure.
CYP2E1 is induced by a broad variety of chemicals, such
as ethanol. The production of ROS via CYP2E1 induction
may contribute to the development of alcoholic liver disease
or at least increase cytotoxic effects of alcohol[20]. Ethanol
is an essential CYP2E1 inducer in human hepatocytes, which
was also confirmed in a recent study by Ponsoda et al.[21],
showing that human hepatocytes incubated with 100 mmol/L
ethanol showed a two- to threefold increase in CYP2E1
enzyme activity compared with untreated control cultures.
By use of recombinant retroviral expression, in addition to
ethanol (20-100 mmol/L) exposure, the culture medium
of the HepG2 cell line exhibited both a large increase of
CYP2E1 content and enzyme activity[22]. Our data confirmed
these results, clearly showing a dose-dependent and timedependent relationship between CYP2E1 enzyme activity
in human hepatocytes and ethanol exposure. Western blot
analysis further proved ethanol-induced CYP2E1 expression
in a time-dependent manner.
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Lipid peroxidation (and associated membrane damage)
is a key feature in alcoholic liver injury. It resulted in
increased excretion of MDA in the urine of rats following
short- and long-term administration of relatively low doses
of ethanol[23]. Lipid peroxidation results directly from the
increased oxygen radical production inducted by CYP2E1.
In the present work, we have demonstrated that timedependent increased MDA levels were directly linked to
the presence of ethanol and there was a clear relationship
between MDA levels and CYP2E1 changes in hepatocytes
after ethanol administration.
The increase in LDH activity is seen in many pathologic
conditions. Release of the intracytoplasmic enzyme LDH
into cell culture medium is frequently used as a measure of
cellular injury. AST is present only in hepatocytes, located
in mitochondria and cytoplasm. Like LDH, its increase is
an early sign of cellular injury. In the present study, ethanol
clearly caused a time-dependent release of LDH and AST,
and there was a positive relationship between the induction
of CYP2E1 activity and the release of LDH and AST.
Ethanol exposure could cause marked cellular damage in
human primary cultured hepatocytes.
It was demonstrated that ethanol cytotoxicity was directly
related to CYP2E1 enzyme activity. Cytotoxicity of ethanol
in rat hepatocytes was prevented either by alcohol/aldehyde
dehydrogenase inhibitors or by CYP2E1 inhibitors.
Cederbaum observed that ethanol-induced ROI formation
was also reduced in the presence of CYP2E1 inhibitors in
HepG2 cells, suggesting that CYP2E1 directly contributes
to ROI formation[24]. Leclercq et al.[25], using the knockout
mice observed that other CYPs, notably CYP4A10 and
CYP4A14, were upregulated in the CYP2E1 knockout but
not the wild-type mice; these CYPs were, like CYP2E1,
active generators of reactive oxygen and catalysts of lipid
peroxidation, and in the absence of CYP2E1 served as
alternative initiators of oxidative stress. Furthermore, French
and collaborators found that the ethanol-induced oxidative
inactivation of the proteasome and increase in oxidized
proteins were completely prevented in these CYP2E1
knockout mice[26]. Our experiments showed that DAS, the
inhibitor of CYP2E1, could partly protect human
hepatocytes from ethanol-induced cellular injury, or reduce
cellular MDA, LDH and AST levels. However, in contrast
to these observations, studies by Thurman and colleagues
have suggested that CYP2E1 may not play a role in
alcoholic liver injury based upon studies in CYP2E1
knockout mice[1,27,28]. In some cells, ethanol-induced damage
may not be the consequence of oxidative reactions, but
may result directly from the direct interaction of ethanol
with cell membranes or from its non-oxidative incorporation
into fatty acid ethyl esters[29,30]. Clearly, further studies are
necessary to resolve the above discrepancies.
In summary, this study revealed that an innocuous
concentration of DAS significantly decreased the ethanolinduced oxidative damage in human primary cultured
hepatocytes. This protection appeared to be, at least in part,
due to the attenuation of oxidative stress. These findings
warrant future in vivo studies of DAS for the prevention
and/or treatment of alcoholic liver disease. The inhibition
of CYP2E1 in cells or organs could lead to new strategies
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for better prevention and treatment of ethanol-induced
oxidative damage in human liver.

ACKNOWLEDGMENT
We thank Professor Andreas K Nussler, Department of
General-, Visceral-, and Transplantation Surgery, Humboldt
University, Charité, Campus Virchow, Berlin, Germany, for
his countless help in the performance of this study.
REFERENCES
1

2
3

4

5
6

7

8

9

10

11

12

13

14

15

16

Oneta CM, Lieber CS, Li J, Rüttimann S, Schmid B, Lattmann
Rosman AS, Seitz HK. Dynamics of cytochrome P4502E1
activity in man: induction by ethanol and disappearance during withdrawal phase. J Hepatol 2002; 36: 47–52
Agarwal DP. Genetic polymorphisms of alcohol metabolizing enzymes. Pathol Biol 2001; 49: 703-709
Bailey SM, Cunningham CC. Contribution of mitochondria
to oxidative stress associated with alcoholic liver disease. Free
Radic Biol Med 2002; 32: 11–16
Person RE, Chen H, Fantel AG, Juchau MR. Enzymic catalysis of the accumulation of acetaldehyde from ethanol in human prenatal cephalic tissues: evaluation of the relative contributions of CYP2E1, alcohol dehydrogenase, and catalase/
peroxidases. Alcohol Clin Exp Res 2000; 24: 1433-1442
Diehl AM. Liver disease in alcohol abusers: clinical
perspective. Alcohol 2002; 27: 7–11
Albano E. Free radical mechanisms in immune reactions associated with alcoholic liver disease. Free Radic Biol Med 2002;
32: 110-114
Cervino V, Benaim G, Carafoli E, Guerini D. The effect of
ethanol on the plasma membrane calcium pump is isoformspecific. J Biol Chem 1998; 273: 29811–29815
Neuman MG, Shear NH, Jacobson-Brown PM, Katz GG,
Neilson HK, Malkiewicz IM, Cameron RG, Abbott F. CYP2E1mediated modulation of valproic acid-induced hepatocytotoxicity. Clin Biochem 2001; 34: 211-218
Kukielka E, Cederbaum AI. DNA strand cleavage as a sensitive assay for the production of hydroxyl radical by
microsomes: roles of CYP2E1 in the increased activity after
ethanol treatment. Biochem J 1994; 302: 773–779
Nanji AA, Zhao S, Sadrzadeh SM, Dannenberg AJ, Tahan
SR, Waxman DJ. Markedly enhanced cytochrome P4502E1
induction and lipid peroxidation is associated with severe
liver injury in fish oil-ethanol-fed rats. Alcohol Clin Exp Res
1994; 18: 1280–1285
Cederbaum AI, Wu D, Mari M, Bai J. CYP2E1-dependent
toxicity and oxidative stress in HepG2 cells. Free Radic Biol
Med 2001; 31: 1539-1543
Kostrubsky VE, Strom SC, Wood SG, Wrighton SA, Sinclair
PR, Sinclair JF. Ethanol and isopentanol increase CYP3A and
CYP2E in primary cultures of human hepatocytes. Arch
Biochem Biophys 1995; 322: 516-520
Wang T, Shankar K, Bucci TJ, Warbritton A, Mehendale HM.
Diallyl sulfide inhibition of CYP2E1 does not rescue diabetic
rats from thioacetamide- induced mortality. Toxicol Appl
Pharmacol 2001; 173: 27-37
Nussler AK, Liu ZZ, Di Silvio M, Sweetland MA, Geller DA,
Lancaster JR Jr, Billiar TR, Freeswick PD, Lowenstein CL,
Simmons RL. Hepatocyte inducible nitric oxide synthesis is
influenced in vitro by cell density. Am J Physiol 1994; 267
(2 Pt 1): C394-401
Sapone A, Affatato A, Canistro D, Broccoli M, Trespidi S,
Pozzetti L, Biagi GL, Cantelli-Forti G, Paolini M. Induction
and suppression of cytochrome P450 isoenzymes and generation of oxygen radicals by procymidone in liver, kidney
and lung of CD1 mice. Mutat Res 2003; 527: 67-80
Raghavendra V, Kulkarni SK. Possible antioxidant mechanism in melatonin reversal of aging and chronic ethanol-induced amnesia in plus-maze and passive avoidance memory

Liu LG et al. CYP2E1-dependent toxicity on hepatocytes

17

18

19

20
21

22

23

24

tasks. Free Radic Biol Med 2001; 30: 595-602
Hannon-Fletcher MP, O’Kane MJ, Moles KW, Barnett YA,
Barnett CR. Lymphocyte cytochrome P450-CYP2E1 expression in human IDDM subjects. Food Chem Toxicol 2001; 39:
125–132
Jung M, Drapier JC, Weidenbach H, Renia L, Oliveira L, Wang
A, Beger HG, Nussler AK. Effects of hepatocellular iron imbalance on nitric oxide and reactive oxygen intermediates production in a model of sepsis. J Hepatol 2000; 33: 387-394
Cook MN, Marks GS, Vreman HJ, Nakatsu K, Stevenson DK,
Brien JF. Heme oxygenase activity and acute and chronic ethanol exposure in the hippocampus, frontal cerebral cortex, and
cerebellum of the near-term fetal guinea pig. Alcohol 1997; 14:
117-124
Cederbaum AI. Iron and CYP2E1-dependent oxidative stress
and toxicity. Alcohol 2003; 30: 115-120
Ponsoda X, Bort R, Jover R, Gomez-Lechon MJ, Castell JV. Increased toxicity of cocaine on human hepatocytes induced by
ethanol: role of GSH. Biochem Pharmacol 1999; 58: 1579-1585
Carroccio A, Wu D, Cederbaum AI. Ethanol increases content and activity of human cytochrome P4502E1 in a transduced HepG2 cell line. Biochem Biophys Res Commun 1994;
203: 727-733
Goasduff T, Cederbaum AI. CYP2E1 degradation by in vitro
reconstituted systems: role of the molecular chaperone hsp90.
Arch Biochem Biophys 2000; 379: 321-330
Cederbaum AI. Ethanol-related cytotoxicity catalyzed by

4535

25

26

27

28

29

30

CYP2E1-dependent generation of reactive oxygen intermediates in transduced HepG2 cells. Biofactors 1998; 8: 93-96
Leclercq IA, Farrell GC, Field J, Bell DR, Gonzalez FJ,
Robertson GR. CYP2E1 and CYP4A as microsomal catalysts
of lipid peroxides in murine nonalcoholic steatohepatitis. J Cli
Invest 2000; 105: 1067–1075
Bardag-Gorce F, Yuan QX, Li J, French BA, Fang C, IngelmanSundberg M, French SW. The effect of ethanol-induced cytochrome P4502E1 on the inhibition of proteasome activity by
alcohol. Biochem Biophys Res Commun 2000; 279: 23–29
Isayama F, Froh M, Bradford BU, McKim SE, Kadiiska MB,
Connor HD, Mason RP, Koop DR, Wheeler MD, Arteel GE.
The CYP inhibitor 1-aminobenzotriazole does not prevent
oxidative stress associated with alcohol-induced liver injury
in rats and mice. Free Radic Biol Med 2003; 35: 1568-1581
Kono H, Bradford BU, Yin M, Sulik KK, Koop DR, Peters JM,
Gonzalez FJ, McDonald T, Dikalova A, Kadiiska MB, Mason
RP, Thurman RG. CYP2E1 is not involved in early alcohol-induced liver injury. Am J Physiol 1999; 277(6 Pt 1): G1259–G1267
You M, Crabb DW. Recent advances in alcoholic liver disease
II. Minireview: molecular mechanisms of alcoholic fatty liver.
Am J Physiol Gastrointest Liver Physiol 2004; 287: G1-6
Li J, Hu W, Baldassare JJ, Bora PS, Chen S, Poulos JE, O’Neill
R, Britton RS, Bacon BR. The ethanol metabolite, linolenic
acid ethyl ester, stimulates mitogen-activated protein kinase and cyclin signaling in hepatic stellate cells. Life Sci
2003; 73: 1083-1096

Science Editor Zhu LH and Guo SY Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(29):4536-4540
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BASIC RESEARCH •

Characteristics of benign lymphoadenosis of oral mucosa
Shu-Xia Li, Shi-Feng Yu, Kai-Hua Sun
Shu-Xia Li, Shi-Feng Yu, Kai-Hua Sun, Department of Oral
Pathology, School of Stomatology, Peking University, Beijing 100081,
China
Correspondence to: Shu-Xia Li, Department of Oral Pathology,
School of Stomatology, Peking University, Beijing 100081,
China. lishuxia@sina.com
Telephone: +86-10-62179977-2201
Received: 2004-06-08 Accepted: 2004-08-05

Abstract
AIM: To investigate the pathological characteristics and
carcinogenesis mechanism of benign lymphoadenosis of
oral mucosa (BLOM).
METHODS: The expressions of Ki-67, CD34 and apoptosis
were evaluated by immunohistochemical SP staining in
64 paraffin-embedded tissue samples. Of them, 9 were
from BLOM with dysplasia, 15 from BLOM without dysplasia,
15 from oral squamous cell carcinoma (OSCC), 15 from
oral precancerosis, and 10 from normal tissues. Cell
proliferation, apoptosis and angiogenesis of tissue samples
were also analyzed.
RESULTS: The expression of Ki-67 in BLOM with dysplasia,
oral precancerosis and OSCC was significantly higher than
in BLOM without dysplasia and normal mucosa. The
microvascular density (MVD) in BLOM with and without
dysplasia, oral precancerosis, and OSCC was significantly
higher than in normal mucosa. Apoptosis in BLOM and oral
precancerosis was significantly higher than in OSCC and
normal mucosa.
CONCLUSION: Benign lymphoadenosis of oral mucosa
has potentialities of cancerization.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Benign lymphoadenosis of oral mucosa (BLOM), which
could be commonly found clinically, usually occurs in the
mucosae of lips, cheeks, tongue or gingiva. Sometimes,
BLOM may develop in all of the oral mucosa and accompany

other oral diseases. As far as we know, few reports have
ever mentioned BLOM, and there has been no international
definition about it. Most researchers considered it as a kind
of reactive proliferation. Since 1970s, our department have
been studying BLOM from the aspects of morphology and
immunopathology. Ultrastructural changes of this disease
is similar to that of leukoplakia[1,2]. Clinically, BLOM has a
malignant trend[3,4]. At present, it is regarded as a kind of
precancerous lesion [5]. To investigate the pathological
characteristics and carcinogenesis mechanism of BLOM,
we studied cell proliferation, cell apoptosis and angiogenesis
of different types of oral mucosa diseases, including BLOM
with dysplasia and without dysplasia, OSCC, oral precancerosis
and normal tissues by immunohistochemistry method.

MA
TERIALS AND METHODS
MATERIALS
Materials
A total of 64 paraffin-embedded tissue samples were from
Pathological Research Laboratory, School of Stomatology,
Peking University. Of them, 9 were from BLOM with
dysplasia, 15 from BLOM without dysplasia, 15 from
oral OSCC (8 in stage III, 7 in stage I or II), 15 from oral
precancerosis, and 10 from normal tissues around the
neoplasms. Streptavidin-biotin- immunoperoxidase system
kit was purchased from Fuzhou Maixin Immunotech
Corporation, China; mouse monoclonal antihuman Ki-67
antibody was provided by Beijing Immunotech Zhonghshan
Corporation, China; and cell death detection kit was from
Boehringer Mannheim, Germany.
Immunohistochemistry protocol for Ki-67 and CD34
Five micrometer thick sections were dewaxed with xylene,
and rehydrated in graded ethanol. Endogenous peroxidase
activity was blocked by immersion of slides in methanol
with 0.03% hydrogen peroxide for 10 min. In order to
retrieve antigenicity, these sections were then heated in a
pressure cooker in 10 mmol/L citrate buffer (pH 6, 90 s
after water boiled). After washing in distilled water, these
sections were rinsed in phosphate-buffered saline (PBS) and
incubated for 60 min at room temperature with CD34 or
Ki-67 mAb. Reaction was visualized with a streptavidinbiotin-immunoperoxidase system using diaminobenzidine
(DAB) as chromogen. All sections were then counterstained
with hematoxylin.
Positive staining for CD34 or Ki-67 was regarded as positive
control. For negative control, the primary antibodies were
replaced with PBS. Staining was measured as the percentage
of positively stained nuclei (Ki-67, labeling index, LI) or
cytoplasm (CD34, microvascular density, MVD). Ki-67
reaction was scored at ×400 magnification, a total of 1 000
epithelial cells (normal tissue and BLOM) or tumor cells
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(OSCC) were evaluated. Reactive nuclei were considered
positive, regardless of staining intensity. The percentage of
Ki-67 positive was then calculated and positivity of lymphocytes
was not evaluated. Criteria for counting included individual
or cluster of cells with or without lumen positivity for CD34
immunoreactivity. Areas of inflammation, necrosis, and
fibrosis were excluded. For determination of mean MVD,
sections were first observed under low power (×200) for
areas with dense vascularity. These were then counted in
three different fields under high power (×400). The average
counts were recorded as MVD for each case.
TUNEL protocol for apoptosis evaluation
Detection of apoptosis in tissue was determined by TUNEL
assay, employing in situ. The procedure is based on the
detection of chromatin DNA strand breaks, the most
characteristic biochemical feature of apoptosis caused by
activation of endogenous nuclease activity.
Sections were dewaxed, rehydrated, and washed in
distilled water for 10 min. The nuclei in tissue sections were
stripped from proteins with 4% pepsin diluted in sterile
buffer (10 mm Tris-HCl, pH 7.4) for 60 min at 37 , followed
by quenching of endogenous peroxidase. The sections were
rinsed in 50 µL of a label mixture containing the labeled
nucleotide and enzyme, and incubated in a humidified
chamber for 60 min at 37 . After washing with PBS, the
with alkaline
sections were incubated for 30 min at 37
phosphatase reagent. The substrate reaction was developed
using diethyl chlorophosphite (DECP) and counterstained
with nuclei fast red.
Positive staining for CD34 or Ki-67 was regarded as
positive control. For negative control, the primary antibodies
were replaced with PBS. A cell was considered apoptotic
only when unequivocal nuclear labeling was observed in
the areas with no inflammation. Cells exhibiting necrotic
nuclear karyorrhexis as well as those in necrotic foci were
excluded. TUNEL reactivity was always estimated in relation
to characteristic histological criteria of apoptosis, including
overall shrinkage, homogenously dark basophilic nuclei,
presence of nuclear fragments, sharply delineated cell
borders and homogenous eosinophilic cytoplasm. To
evaluate the different rates of TUNEL reactivity in each
sample, 1 000 cells were counted randomly under high
power (×400) and the percentage of positively stained nuclei
(AI) was calculated.

A

B

Figure 1 Ki-67 expression in A: BLOM without dysplasia (IHC ×400), B:
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Statistical analysis
The expression of Ki-67, MVD and extent of TUNEL
reactive nuclei in different tissue samples was analyzed by
t-test and χ2-test using SPSS10.0 for Windows. P<0.05 was
considered significant.

RESUL
TS
RESULTS
The histological characteristics of BLOM is that lymphoid
follicles or dense lymphocytes foci could be seen in the
basal cell layer. The expression of Ki-67, which was stained
brown in nuclei, could be found in normal tissues, BLOM,
BLOM with dysplasia, precancerosis and OSCC. Positive
cells distributed dispersedly in epithelium of normal tissues
and BLOM without dysplasia (Figure 1A). Meanwhile, many
cells appeared positive in lymphoid follicles. The expression
of Ki-67 obviously increased in BLOM with dysplasia and
in some samples Ki-67 positively stained nuclei were seen
in all layers of epithelium (Figure 1B). The expression of Ki67 also increased in precancerous tissues and OSCC, in the
center of which positive cells distributed diffusely (Figure 1C).
The positive rates of Ki-67 expression in different groups
are shown in Table 1.

Table 1 The positive rates of Ki-67 expression in different groups
(mean±SD)
Group

Ki-67 positive rate (%)

Normal

14.19 ± 6.18

BLOM

22.29 ± 11.39

BLOM with dysplasia

45.42 ± 9.89 a

Precancerosis

47.15 ± 6.84 a, c

OSCC

65.89 ± 9.09 a, c, e

a

P<0.05 vs normal, cP<0.05 vs BLOM, eP<0.05 vs BLOM with dysplasia.

The expression of CD34 was positive in all samples,
and distributed punctately, located in the cytoplasm of
vascular endotheliocytes (Figure 2A). Only a few microvessels
in the connective tissues of normal mucosa could be seen.
But in BLOM, BLOM with dysplasia and precancerosis,
their number increased obviously (Figure 2B). A great
amount of microvessels also could be found in OSCC.
MVD values in different groups are shown in Table 2.

C

BLOM with dysplasia (IHC ×200), and C: oral cancer (IHC ×200).
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B

Figure 2 CD34 expression in A: BLOM without dysplasia (IHC ×100) and

B: BLOM with dysplasia (IHC ×100).

Table 2 MVD in different groups (mean±SD)
Group

MVD value

Normal
BLOM
BLOM with dysplasia
Precancerosis
OSCC

14.31 ± 2.71
44.81 ± 10.20
43.89 ± 8.78a
45.28 ± 11.09a, c
62.73 ± 8.13a, c, e

a

P<0.05 vs normal, cP<0.05 vs BLOM, eP<0.05 vs BLOM with dysplasia.

Cell apoptosis was found in 2/10 normal tissues, 10/15
BLOM, 8/9 BLOM with dysplasia, 13/15 precancerosis
and 8/15 OSCC. Apoptosis was seldom seen in the stromal
layer of normal mucosa, but it increased obviously in BLOM,
BLOM with dysplasia and precancerosis (Figure 3). At the
same time, apoptosis could be found in connective tissues
of BLOM, BLOM with dysplasia and precancerosis. The
positive rate of apoptosis in OSCC was significantly lower
than that in other groups except the normal mucosa.

DISCUSSION
Ki-67 is an acknowledged marker that indicates the
proliferation capacity of cells, and many studies demonstrated
that it was overexpressed in oral premalignancy and oral
cancer[6-9]. Tabor et al.[10], studied 43 samples from patients
who had undergone resection of their squamous cell
carcinoma in oral cavity/oropharynx. With the consensus
score, 12 samples were classified as normal, and 31 as
dysplastic (21 mild, 6 moderate, and 4 severe). They found
that there was a high coincidence between loss of heterozygosity
(LOH) and the expression of Ki-67. The Ki-67 index in
LOH-positive cases was significantly higher than that in
LOH-negative cases. It was suggested that the expression
of Ki-67 was correlated with other factors (beta-catenin,
p53R2, etc)[11-14]. Other scholars found there was a significant
correlation between Ki-67 LI, stroma/tumor proportion and
the degree of keratinization[15,16]. In the present study, overexpression was found in the epithelium of BLOM with
dysplasia, precancerosis and OSCC. But the expression in
epithelium of BLOM without dysplasia was similar to that
in the normal mucosa and there was an abundant expression
in lymphoid follicles. This suggested that the epithelial cells
of BLOM without dysplasia had not undergone genetic

Figure 3 Apoptosis in BLOM with dysplasia (TUNEL ×200).

transformation, and the cells of germinal center had a strong
proliferation capacity. In the connective tissues of BLOM
and BLOM with dysplasia, a great amount of positive cells
could be found in the center of lymphoid follicles. However,
no obvious difference was revealed. This indicated that the
center had a strong capacity of proliferation, but not a
malignant trend, because the proliferation of lymphocytes
was a kind of benign and reactive proliferation. Why we
considered BLOM benign was also due to this reason. The
number of Ki-67 positive cells and the staining in BLOM
without dysplasia had no obvious difference from those in
normal mucosa, indicating that epithelial cells did not appear
abnormal. In the epithelium of BLOM with dysplasia and
precancerosis, the number of positive cells obviously
increased and the distribution of positive cells extended
from the lower basal layer to the upper basal layer and
prickle cell layer. In some samples, positive cells were
distributed in all the layers of epithelium. This indicated
that the proliferation capacity of basal cells was strengthened.
Angiogenesis is a process involved in the development of
new blood vessels, by the division and migration of existing
vasculature[17-20]. It is an important mechanism to sustain
tumorigenic potential in neoplasm and in dysplastic lesions,
indicating abundant capillaries leading to intense vascularization
in cancer. Therefore, evaluation of angiogenesis may be of
prognostic significance in the assessment of tumor progression.
Iwasa et al.[21], suggested that negative DNA instability lesions
had a higher MVD in proliferating cell nuclear antigen
(PCNA)-positive cells than positive DNA instability lesions.
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Other scholars proved that in non-small cell lung cancer
and oral cancer, the mean AIs of the lower-MVD and the
higher-MVD patients were significantly different[22-24]. Our
study has confirmed that insufficient angiogenesis could
accelerate apoptotic cell death. The angiogenesis in BLOM
with and without dysplasia, and in precancerosis was significantly
higher than in normal tissue, and new blood vessels were
more abundant. Sauter et al., suggested that the angiogenesis
in precancerosis was between oral normal tissue and OSCC[17].
Apoptosis is a programmed cell death under genetic control.
A fine balance between the cell proliferation and cell death
is very important to normal development and maintenance
of tissue size and shape. In another word, the imbalance
between the positive and negative regulation of cell growth
could cause a series of diseases including neoplasm. In neoplasm,
the disorder of homeostasis may result in the development
of tumor[25-27]. Some studies showed that epidermal growth
factor receptor blockade, cyclin dependent kinase inhibitor
and 5-FU could induce cell apoptosis[28-30]. Other scholars also
found that the overexpression of p27(Kip1) and retinoic
acid receptor could induce growth arrest and apoptosis in
an oral cancer cell line[31,32]. Results of the present study
indicated that the apoptosis was significantly higher in
BLOM, BLOM without dysplasia, and precancerosis than
in normal tissue. However, it was lower in tumor tissue (OSCC).
This suggested that the body tried to control the balance of
cell number by increasing cell apoptosis with the increase in
cell proliferation. However if the body fails, tumor develops.
Similar result could be found in the study of Guan et al.[33,34].
Previous studies also showed that BLOM should be
regarded as a kind of precancerous lesion. In the present
study, the cell proliferation, angiogenesis and apoptosis of
BLOM were similar to that of precancerosis, and in BLOM
without dysplasia the angiogenesis was significantly higher
than that in normal oral tissue. But the expression of Ki-67
was similar to that in normal tissue. Therefore, the changes
of cell proliferation, cell apoptosis, and angiogenesis in
connective tissue were earlier than in epithelium; BLOM
had the potential of carcinogenesis. Many factors may induce
the proliferation of cancer cells, enhance their survival by
escape of apoptosis, and provide abundant nutrients during
early-stage carcinogenesis of oral precancerous lesions.
Comparison of gene expression profiles between head and
neck squamous cell carcinoma and normal tissues showed
that altered expression levels of genes were involved in the
control of cell growth and differentiation, angiogenesis,
apoptosis, cell cycle, and signaling, most of which had not
been previously described in head and neck squamous cell
carcinoma[35]. Which factor contributes to cell proliferation,
and inhibits cell apoptosis during the carcinogenesis of
BLOM is still a subject to be investigated in future.
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Abstract
AIM: To investigate the visceral response to acute
retrograde gastric electrical stimulation (RGES) in healthy
humans and to derive optimal parameters for treatment
of patients with obesity.
METHODS: RGES with a series of effective parameters
were performed via a bipolar mucosal electrode implanted
along the great curvature 5 cm above pylorus of stomach
in 12 healthy human subjects. Symptoms associated with
dyspepsia and other discomfort were observed and graded
during RGES at different settings, including long pulse
and pulse train. Gastric myoelectrical activity at baseline
and during different settings of stimulation was recorded
by a multi-channel electrogastrography.
RESULTS: The gastric slow wave was entrained in all
the subjects at the pacing parameter of 9 cpm in
frequency, 500 ms in pulse width, and 5 mA in amplitude.
The frequently appeared symptoms during stimulation were
satiety, bloating, discomfort, pain, sting, and nausea. The
total symptom score for each subject significantly increased
as the amplitude or pulse width was adjusted to a higher
scale in both long pulse and pulse train. There was a wide
diversity of visceral responses to RGES among individuals.
CONCLUSION: Acute RGES can result in a series of
symptoms associated with dyspepsia, which is beneficial
to the treatment of obesity. Optimal parameter should be
determined according to the individual sensitivity to
electrical stimulation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Motility is one of the most critical physiological functions
of the stomach. Coordinated gastric contractions are
necessary for the emptying of ingested food, and impairment
in gastric motility may result in delayed gastric emptying.
Gastric motility (contractile activity) is regulated by the
myoelectrical activity of the stomach, called slow waves[1].
The gastric slow wave originates in the proximal stomach,
propagates distally toward the pylorus, and dominates the
maximum frequency, propagation velocity and propagation
direction of gastric contractions. Abnormalities in gastric
slow waves including uncoupling and gastric dysrhythmia
lead to gastric motor disorders and are frequently observed
in patients with functional disorders of the stomach, such
as gastroparesis, functional dyspepsia, anorexia, etc.
Gastric myoelectrical abnormalities are believed to be the
fundamental factors for gastric hypomotility[2-5]. Gastric
prokinetics are used to treat patients with gastric hypomotility
and cisapride has been proved to be effective on both gastric
hypomotility and myoelectrical abnormality[6]. But there are
still a lot of patients who are refractory or could not tolerate
these drugs.
Gastric electrical stimulation is used to affect gastric
motility with the rationale as a forward gastric pacing to
trigger the gastric myoelectrical propagation from proximal
towards pylorus of stomach. It has been accepted as a
therapy for chronic gastroparesis associated with drug
refractory nausea and vomiting secondary to diabetic or
idiopathic etiology[7,8]. Researchers adopt its mechanism with
converse effects and have developed implantable gastric
stimulation (IGS) to treat obesity that is attributed to rapid
gastric emptying or hypermotility[9-11].
IGS for weight loss is an exciting new concept for the
treatment of obesity[12]. It is unique in that it relies on
neither gastric restriction nor intestinal malabsorption but
instead induces early satiety. IGS is also a relatively invasive
procedure that does not alter the gastrointestinal anatomy.
The system comprises an electrical pulse generator similar
to a cardiac pacemaker and a serosal lead implanted in the
muscular layer of the distal gastric wall. Both animal[13] and
human studies[14-18] revealed that it results in decreased food
intake and a substantial weight loss.
Up to now, whether there is responsive diversity among
individuals to gastric electrical stimulation is unknown. An
optimal parameter, which should be of high efficiency, low
energ y expenditure and acceptability, has not been
determined. This study aimed to investigate the visceral
response to RGES with mucosal electrode, and to derive
optimal parameter for therapy of obesity.
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MA
TERIALS AND METHODS
MATERIALS
Subjects
Twelve healthy volunteers were recruited in this study,
including six males and six females, with their age being
29.4±8.6 years, body weight being 62.63±8.29 kg (48-80 kg)
and body mass index being 23.18±2.62 kg/m2. None of
the subjects had gastrointestinal diseases or symptoms or a
history of gastrointestinal surgery. All women were studied
during their follicular phase of the menses to minimize
possible hormonal influences[19]. No medications were used
by any of the participants except for oral contraceptives
2 wk prior to the study. Organic diseases of stomach, such
as erosive gastritis, gastric ulcer, esophagitis, etc., were ruled
out by endoscopy. Subjects with swallowing disorders such
as dysphagia, achalasia, and hypersensitivity to nasal
intubation were excluded. Females in pregnancy, or nursing
period were also excluded. Written consent form was signed
by each subject before the study, and the protocol was
approved by the Ethical Committee of the University Hospital.
Implantation of mucosal electrodes
The subjects were fasted for 8 h or more before implantation
of the electrodes. A temporary transvenous cardiac pacing
lead system (Model 6416, Medtronic, Netherlands) composed
of an active fixation, a lead with bipolar electrodes and a
soft-tipped, lubricated guide catheter was used (Figure 1).
This lead was intubated into the stomach through a nasal
cavity before endoscopy. At a good exposure of the antrum
under endoscopy, the distal electrode was screwed into the
mucosa along the greater curvature 5 cm above the pylorus
and fixed with a titanium clamp. The proximal electrode
was affixed to the surface of the gastric mucosa with one
or two titanium clamps (Figure 2). After the placement, the
guide catheter was pulled out of the stomach. An X-ray
picture was taken once daily to ensure that the electrodes
were located at the original positions in the stomach.
A multi-channel electrogastrograph (POLYGRAM
NETTM, Medtronic Functional Diagnostics A/S, Denmark)
was used to record gastric myoelectrical activity. Two
channel gastric myoelectrical recordings were obtained by
connecting each of the mucosal electrodes to a common
reference electrode placed on the leg of the subject. These
myoelectrical recordings were used to further confirm the
attachment of electrodes to the gastric mucosa. A recording
of rhythmic 3 cpm gastric slow waves would be indicative

“Y” Adaptor with
Hemostasis valve
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of a good attachment of the electrodes. The entrainment
of gastric myoelectrical activity by RGES was also observed
to assess its electrophysiological effectiveness.
Experimental protocol
After a baseline recording of gastric slow waves for 30 min,
symptomatic responses to gastric electrical stimulation with
various parameters were assessed in the fasting state.
Visceral sensation (symptomatic response) to gastric electrical
stimulation was assessed by three parameters: initial sensation,
maximum tolerance, and the symptom score. The initial
sensation was defined as the stimulation with which the
subject first reported one or more of any symptoms. The
maximum tolerance was defined as the stimulation with
which the subject reported the maximally tolerable symptoms.
Symptoms, including satiety, bloating, discomfort (the
character and location of a symptom could not be described
clearly and precisely), upper abdominal pain, sting, belching,
nausea, vomiting, were recorded and graded during RGES
at different settings. Each symptom was graded from 0 to
3 (0: no symptom; 1: mild symptoms, requiring intention to
feel the symptoms; 2: moderate symptoms, being aware of
the symptoms, but not interfering with daily activities; 3:
severe symptoms, interfering with daily activities). The total
symptom score in each subject was derived and its correlation
with the stimulation energy was determined.
Retrograde gastric electrical stimulation
RGES was performed via the bipolar electrodes attached
to the mucosa/submucosa of the distal antrum using a
universal pulse generator (Acupulser, model A310, World
Precision Instrument, Inc., Sarasota, FL, USA). Two models
of electric stimulation, long pulse and pulse train, were
applied to the pacing electrodes in the constant current
mode. The long pulse was composed of periodic rectangular
pulses with a frequency of 9 cpm, pulse width of 500 ms,
and adjustable pulse amplitude (current) consisting three
settings of 5, 10, and 15 mA. The pulsed train was on for a
period of 2 s and off for 3 s. The pulse frequency was 20 Hz,
an adjustable pulse width consisting three settings of 5, 10,
and 20 ms. The amplitude was adjusted from 10 to 15 mA.
If maximal intolerable symptom did not appear, the
amplitude was adjusted to 20 mA. Each session of

Lubricated
Guide catheter
1

Torque tool
2
Temporary lead

Active fixation
Figure 1 Model 6416 temporary transvenous pacing lead system.

Figure 2 Placement of mucosal electrode. Arrow 1 indicates the distal electrode;
arrow 2 indicates the proximal electrode.
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Table 1 Symptom scores at different parameters (mean±SE)
Long pulse
112.5 smA2

Long pulse
450 smA2
0

Long pulse
1 012.5 smA2

Pulse train
240 smA2

Pulse train
480 smA2

Pulse train
960 smA2

Pulse train
2 160 smA2

Satiety

0.08±0.08

0.08±0.08

0.08±0.08

0.17±0.17

0.25±0.18

0.42±0.23

Bloating

0.08±0.18

0.21±0.17

0.33±0.19

0.25±0.18

0.50±0.19

0.58±0.26

1.00±0.31

Discomfort

0.38±0.18

0.5±0.27

0.67±0.28

0.75±0.12

0.50±0.19

0.50±0.23

0.42±0.26

Pain

0.33±0.18

0.8±0.26

1.54±0.27

0.16±0.21

1.33±0.19

1.92±0.24

2.50±0.27

Sting

0.17±0.17

0.17±0.17

0.25±0.18

0.08±0.17

0.25±0.21

0.25±0.18

0.33±0.22

Nausea

0.17±0.17

0.21±0.21

0.25±0.25

0.08±0.08

0.21±0.17

0.29±0.22

0.75±0.35

stimulation lasted for about 20 min and there was a 10 min
or more resting period between consecutive stimulation
sessions. For all tests, the subject was blinded about the
stimulation and stimulation parameters.
Stimulation energy was calculated for each stimulation
session. The stimulation energy was defined as t×I2R, where
t is stimulation time, I is stimulation current and R is the
impedance between two stimulation electrodes. In this study,
R was ignored since it was constant for various stimulation
sessions, I was the pulse amplitude and t was the total
on-time of pulses within a minute. For long pulses, t = pulse
frequency (pulses/min)×pulse width. For pulse trains,
t = number of trains/min×number of pulses/train×pulse
width. The unit of stimulation energy used in this study
was s (mA)2 or simply smA2.
Statistical analysis
Results of specific symptom scores and total symptom score
in each subject to different parameters were expressed as
mean±SE. Statistical analysis was performed by one-way
ANOVA. Pearson’s linear correlation and regression method
was used to assess the correlation between responsive severity
and stimulation energy. P<0.05 was considered statistically
significant.

RESUL
TS
RESULTS
All the 12 subjects completed the study with good compliance.
Regular gastric slow waves were recorded from stimulation
electrodes attached to the gastric mucosa at baseline.
Typical tracings are presented in Figure 3. The dominant
frequency of the gastric slow waves was 2.71±0.16 cpm.
The gastric slow waves in all the subjects were completely
entrained by the signal of RGES at the frequency 9 cpm,
pulse width 500 ms and amplitude 5 mA (112.5 smA 2,
Figure 4).

Frequently appeared symptoms during stimulation were
satiety, bloating, discomfort, upper abdominal pain, sting,
and nausea. The sum of these six symptoms was used as an
overall total symptom score. The severity of specific
symptoms to different parameters is shown in Table 1.
The output energy of electrical stimulation for inducing
initial sensation showed a wide distribution among individuals.
The initial sensation appeared in three subjects at 112.5 smA2
(long pulse: 9 cpm, 500 ms, 5 mA), six subjects at 240 smA2
(pulse train: 2 s-on, 3 s-off, 20 Hz, 5 ms, 10 mA), one subject
at 450 smA2 (long pulse: 9 cpm, 500 ms, 10 mA), and two
subjects at 480 smA2 (pulse train: 2 s-on, 3 s-off, 20 Hz,
10 ms, 10 mA). The maximal energy for inducing initial
sensation was more than four times that of the minimum.
The initial sensation occurred as different symptoms. Bloating
appeared in three subjects, satiety in two, discomfort and
pain in five, sting and nausea in one, respectively.
The output energy for inducing maximal tolerable
sensation also showed a wide diversity among individuals.
The maximal tolerable sensation was recorded at 480 smA2
in two subjects, at 2 160 smA2 (pulse train: 2 s-on, 3 s-off,
20 Hz, 20 ms, 15 mA) in nine subjects and at 3 840 smA2
(pulse train: 2 s-on, 3 s-off, 20 Hz, 20 ms, 20 mA) in one
subject. The maximal energy for maximal tolerable sensation
was eight times that of the minimum. The major symptoms
resulted from the maximally tolerable stimulation included
upper abdominal pain in nine subjects, nausea in two subjects,
and both pain and nausea in one subject. Some mild to
moderate symptoms were simultaneously noted with the
maximally tolerable stimulation, including satiety, bloating,
discomfort, belching, and nausea.
The most common symptomatic response to stronger
RGES was upper abdominal pain. It appeared synchronously
with stimulus signals, such as 9 cpm at long pulse, and became

EGG4
EGG1
EGG2

EGG2

EGG3

EGG4

50:00 50:16 50:30 50:45 51:00 51:15 51:30 51:45

Figure 3 Intrinsic myoelectrical activities from mucosa/submucosa electrodes
in stomach.

Figure 4 Entrainment of gastric myoelectrical activity by RGES.
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1.5
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1.0
0.5
0.0
Satiety

Symptoms

Bloating Discomfort

Pain

Sting

Nausea

Symptoms
train (B).

persistent in three subjects when the maximal stimulation
was applied. It disappeared immediately as the stimulation
terminated in seven subjects and gradually ceased within 4
min in five subjects. Other symptoms, such as bloating,
discomfort, nausea, etc., also disappeared as soon as the
stimulation ended.
During stimulation with long pulse, the severity of the
symptoms including bloating, discomfort, and pain
significantly increased when the pulse amplitude was
adjusted to a higher scale (P<0.01, Figure 5A). The severity
of symptoms including satiety, bloating, pain, and nausea
also significantly increased when the pulse width or amplitude
was set to higher scales during pulse train (P<0.05, Figure 5B).
The mean total symptom score for the seven settings of
gastric electrical stimulation was linearly correlated with
stimulation energy (r = 0.96, P<0.001, Figure 6). That is,
the total symptom score for each subject significantly
increased as the output energy was adjusted to a higher
scale in both long pulse and pulse train.

needs. The quantity of food intake is directly determined
by sensory and motor function of stomach, i.e., gastric
accommodation (capacity) and emptying. Previous studies
using an intragastric balloon to assess proximal stomach
capacity showed that it is larger in both moderate and severe
obese individuals[22,23]. In the studies of gastric capacity in
obese people, distal gastric volume is also found larger in
obese individuals in the fasting state from imaging with single
photon emission computed tomography[24], suggesting that
the increased gastric volume causes changes in the sensation
of satiety with a consequent increase of food intake in
these subjects.
In addition to stomach capacity, the retaining time of
food in stomach also influences mechano- and chemosensitive
satiety signals and it is a reasonable hypothesis that an
enhanced rate of gastric emptying predisposes to overeating.
Although the contribution of changes in gastrointestinal
motility to the pathogenesis of obesity is unclear, several
noteworthy changes in gastrointestinal motility have been
observed in obesity[25]. For example, some studies suggest
more rapid gastric emptying in obesity [9-11] , although
normal [26-29] or even slower [30-32] emptying has also been
reported in other studies. But in a better designed study
of 77 subjects including 46 obese and 31 age-, sex-, and
racematched nonobese individuals, obese subjects are found
to have a more rapid emptying rate than nonobese subjects[9].
Based on the pathogenesis of obesity, great efforts
from different fields have been tried to conquer obesity.
Medicines and neuroendocrine agents or analogs are found
to be able to inhibit appetite or to delay gastric emptying[33,34].
Surgical approaches can weaken the gastric capacity, as
implantation of balloon in the stomach[35-37]. By doing this,
symptoms associated with dyspepsia, such as satiety,
bloating, anorexia, discomfort or pain of upper abdomen,
are duplicated in fasting state or postprandial. The
occurrence of these symptoms results in reduction of food
intake, eventually loss of body weight, which is the goal for
the treatment of obesity.
As the stomach contractility is controlled by gastric
myoelectrical activity, electrophysiological approaches can
alter stomach motility. A recent preliminary study indicates
the potential of gastric electrical stimulation for weight
loss[13]. The first human study using a gastric stimulator for
the treatment of morbid obesity was performed in 1995,
which results in decreased food intake and a substantial

Output energy (smA2)

Figure 5 Symptom scores at different parameters of long pulse (A) and pulse

2 000

Total symptom score = 1.20 + 0.00 * var00001
R-Square = 0.92

1 500
1 000
500

1 2 3 4 5 6
Total symptom score
Figure 6 Correlation of total symptom score with output energy of stimulation.

DISCUSSION
Obesity, defined by an excess of body fat, is a highly
prevalent disorder in the Western world. In the USA, it has
been estimated that one of three adults is obese[20]. Obesity
predisposes to or aggravates many clinical conditions,
such as hypertension, hyperlipidemia, diabetes, gout,
atherosclerotic heart disease, etc. [21] . Obesity is of a
multifactorial pathogenesis. The basic mechanism is believed
that obesity results from food intake greater than energy
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weight loss[14]. IGS for human obesity has been investigated
in different institutes in the world since then[15-18].
Recently, we have proposed retrograde gastric electrical
stimulation (RGES). In this method, electrical stimulation
is performed at a tachygastrial frequency and via a pair of
mucosal electrodes placed in the distal antrum, mimicking
an ectopic pacemaker generating tachygastria. Experiments
in dogs have revealed a successful inhibition of antral
contractions in the fed state and a delayed gastric emptying
of liquid[38,39]. This study was designed to observe the acute
symptomatic responses induced by RGES via bipolar
mucosal electrodes. During seven settings of RGES, the
frequently appeared symptoms were satiety, bloating,
discomfort, pain, sting, and nausea, which are all associated
with dyspepsia. These symptoms were typically seen during
initial sensation by less energy. Even during maximum
stimulation, the frequently appeared symptom was pain of
upper abdomen, which is the key symptom of dyspepsia.
Furthermore, some mild to moderate symptoms simultaneously
occurred such as bloating, discomfort, nausea, satiety, and
belching. These symptoms are all associated with dyspepsia.
When these symptoms are present with activation of gastric
stimulation, the subjects will change their eating behavior
and ingest less food, eventually leading to their weight loss.
All these are expected for the treatment of obese patients.
In this study, we found that the severity of some
symptoms, such as bloating, discomfort and pain,
significantly increased when the output energy of stimulation
was adjusted to a higher scale. The total symptom score for
each subject also simultaneously increased with the increase
of energy, suggesting that there is a linear correlation
between symptom score and stimulation energy, which is
consistent with that of dosage-efficacy seen in pharmacology.
In this sense, RGES meets the essential qualification for a
potential therapy of obesity.
IGS can induce weight loss in patients with morbid
obesity, but its mechanism remains largely unknown. Recent
animal studies suggested that this increased satiety is attributed
to gastric distention induced by gastric stimulation [38].
Gastric distention contributes to the feeling of fullness or
satiety. The mechanism is unclear, but distending the stomach
stimulates gastric stretch receptors, thus triggering vagal
discharges that activate hypothalamic neurons[40] and induce
the feeling of satiety [41]. The stimulation-induced gastric
relaxation or distention is mediated by the intrinsic nitrergic
pathway, as the inhibitor of nitric oxide synthase blocks the
effect whereas vagatomy does not[42].
Satiety as a signal of reduction of food intake is also
regulated by endocrine system especially the peptides in
gastrointestinal tract[43]. Peptides like cholecystokinin (CCK),
glucagon-like peptide (GLP)-1, leptin and ghrelin have been
shown to evoke satiety, thereby reducing food intake[43,44].
Cigaina and Hirschberg[16] have investigated the mechanism
behind the changed eating behavior in patients treated with
IGS. Gastric electrical stimulation can lead to significant
weight loss and decrease in plasma levels of CCK,
somatostatin, GLP-1, and leptin. Weight loss correlates
significantly with decreased leptin levels. In this study, RGES
induced a series of symptoms associated with dyspepsia,
suggesting that the stimulation results in gastric distention
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via neuroendocrine pathways. As gastric electrical stimulation
is a novel and promising therapy for morbid obesity, more
studies are necessary to elucidate the correlations between
satiety, weight loss, and digestive neuro-hormone changes.
The results of our study reveal a wide diversity of visceral
sensitivity to RGES among individuals and we should
determine the optimal parameters according to the individual
responsive severity. However, we should not select the pulse
amplitude that is more than 15 mA, at which it would induce
intolerable symptoms to most human subjects. The subjects
who get initial sensation with low stimulation energy may
be expected to get desirable therapeutic effect from RGES,
but those insensitive to RGES may not. As for those
insensitive subjects, we should include them in this therapy
with deliberation. They may take other effective option such
as bariatric surgery.
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Abstract
AIM: To investigate the effect of release behavior of
sustained-release dosage forms of sinomenine hydrochloride
(SM·HCl) on its pharmacokinetics in beagle dogs.
METHODS: The in vitro release behavior of two SM·HCl
dosage forms, including commercial 12-h sustained-release
tablets and 24-h sustained-release pellets prepared in our
laboratory, was examined. The two dosage forms were
orally administrated to beagle dogs, and then the in vivo
SM·HCl pharmacokinetics was investigated and compared.
RESULTS: The optimal SM·HCl sustained-release
formulation was achieved by mixing slow- and rapidrelease pellets (9:1, w/w). The SM·HCl release profiles
of the sustained-release pellets were scarcely influenced
by the pH of the dissolution medium. Release from the
12-h sustained-release tablets was markedly quicker than
that from the 24-h sustained-release pellets, the
cumulative release up to 12-h was 99.9% vs 68.7%. From
a pharmacokinetic standpoint, the 24-h SM·HCl sustainedrelease pellets had longer tmax and lower Cmax compared to
the 12-h sustained-release tablets, the tmax being 2.67±0.52 h
vs 9.83±0.98 h and the Cmax being 1 334.45±368.76 ng/mL
vs 893.12±292.55 ng/mL, respectively. However, the AUC0-tn
of two SM·HCl dosage forms was comparable and both
preparations were statistically bioequivalent. Furthermore,
the two preparations had good correlations between SM·HCl
percentage absorption in vivo and the cumulative percentage
release in vitro.
CONCLUSION: The in vitro release properties of the
dosage forms strongly affect their pharmacokinetic
behavior in vivo. Therefore, managing the in vitro release
behavior of dosage forms is a promising strategy for obtaining
the optimal in vivo pharmacokinetic characteristics and
safe therapeutic drug concentration-time curves.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Sinomenine [(9α, 13α, 14α)-7,8-didehydro-4-hydroxy-3,7dimethoxy-17-methyl- morphinan-6-one] is an active alkaloid,
which can be extracted from the stems of Sinomenium acutum
Rehd. et Wils. Generally, sinomenine hydrochloride (SM·HCl)
is the main chemical form for pharmaceutical purposes.
Recent studies have shown that SM·HCl possesses potent
anti-inflammatory, analgesic, and immunoinhibitory
pharmacological effects, which provide the basis for the
treatment of rheumatoid arthritis. Many clinical therapeutical
trials have confirmed the effectiveness of SM·HCl in
treating rheumatoid arthritis and the efficacy is as high as
90%[1].
The conventional SM·HCl dosage forms (injection and
rapid-release tablets) require frequent administration (3-4
times/d) and even the sustained-release tablets available
on the market require administration twice per day, thus
leading to poor patient compliance. Additionally, the high
fluctuation in the SM·HCl plasma levels during multi-dose
therapy with the marketed SM·HCl dosage forms contributes
to side effects, such as gastrointestinal tract toxicity and
allergic reactions[2]. Accordingly, it is necessary to develop
24-h SM·HCl sustained-release dosage forms (for oncedaily administration) in order to reduce side effects and
increase patient compliance.
Currently, many controlled/sustained-release dosage
forms are being converted from single unit drug delivery
systems (DDS) such as tablets to multiple unit DDS such
as pellets for the following reasons. Firstly, pellets seem to
be less influenced by physiologic factors such as gastric
emptying and intestinal transit than tablets, resulting in less
marked inter-individual differences. Secondly, pellets are
widely and evenly distributed over the surface of the
gastrointestinal tract, increasing drug-gastrointestinal contact,
thus improving oral bioavailability. Thirdly, release failures
of individual units hardly affect the total release behavior
due to the presence of multiple units, unlike the case with
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tablets[3]. Finally, optimal release characteristics can be
achieved using a mixing strategy involving pellets with
different release properties[3].
For these reasons, we decided to design SM·HCl sustainedrelease pellets, and to manage the in vitro drug release in a
manner that would allow 24-h sustained release. Furthermore,
the in vivo pharmacokinetic properties of the 24-h sustainedrelease pellets were compared with those of the marketed
12-h sustained-release tablets in beagle dogs.

MA
TERIALS AND METHODS
MATERIALS
Materials
SM·HCl was obtained from Hunan Zhengqing Pharm. Co.
(Changsha, China). Microcrystalline cellulose (MCC, Avicel
PH101) was provided by Changshu Pharm. Adjunct Co.
(Changshu, China). Eudragit NE 30D was provided by
Röhm Pharma GmbH (Darmstadt, Germany). Reference
formulation: SM·HCl sustained-release tablets (Zhengqing
Pharm. Co., each tablet containing 60 mg of SM·HCl);
Test formulation: SM·HCl 24-h sustained-release pellets in
capsules (each containing 120 mg).
Preparation of SM·HCl sustained-release pellets
Preparation of blank core pellets Blank core pellets
(0.8-1.1 mm in diameter) were prepared using MCC as a
matrix and water as the adhesive by a rotary layering process
(BZJ-360IIM rotary processor, 15th Institute of Academy
for Chinese Carrier-Rocket Technology, Beijing). Four hundred
grams of MCC was placed in the rotary processor chamber.
The inlet airflow was 10-20 L/min, the atomizing pressure
was 0.1-0.3 MPa and the rotation speed was 200 r/min.
Then, the adhesive was sprayed at a flow rate of 15-25 r/min.
Finally, the products were dried at 60 and then sieved to
obtain blank core pellets of the required size.
Preparation of SM·HCl pellets Four hundred grams of
blank core pellets were placed in the rotary processor
chamber at a rotation speed of 200 r/min. SM·HCl in the
drug supply container was added to chamber at 10-20 r/min.
One percent of hydroxypropylmethyl cellulose (5 cps) in
water was used as an adhesive, and sprayed over the pellets
at a rate of 10-15 r/min. Finally, the products were dried at
room temperature[4,5].
Preparation of SM·HCl 24-h sustained-release pellets
The pellets were coated in a fluidized-bed coating apparatus
(Shenyang Pharmaceutical University, China). For the
coating process, the nozzle port size was 1 mm, the inlet air
temperature was 18-23 , the atomizing pressure was
1.0 kg/cm2, and the coating solution was sprayed onto the
pellets at a flow rate of 0.8-1.2 mL/min. The coating
solution was an aqueous dispersion of Eudragit NE 30D.
Talc- an antiadherent agent and sodium dodecyl sulfatean anti-static agent, were added to the coating solution.
Finally, the coated pellets were cured by heating at 40
for 24 h[6,7].
Dissolution test Dissolution studies were carried out using
the basket method at a rotation speed of 100 r/min at 37
in 900 mL dissolution medium according to ChP 2000.
The dissolution tests were performed in 0.1 HCl, pH 6.8
or 7.4 PBS and distilled water, respectively. Samples were
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collected at predetermined time points, and the SM·HCl
content was analyzed using a UV-spectrophotometer
(UV-9100, Ruili Co., China) at 365 nm. Then cumulative
percentage of SM·HCl release was calculated.
Pharmacokinetic evaluation of SM·HCl sustained-release
dosage forms
Experimental protocol All animal studies were performed
according to the Guidelines for the Care and Use of Laboratory
Animals approved by the Ethics Committee of Animal
Experimentation of Shenyang Pharmaceutical University.
Six male beagle dogs (weighing 20±2.5 kg) were randomly
assigned to one of two crossover experiments with a
7-d washout period. Dogs were fasted for 12 h before
administration with free access to water. Each dog was
given orally either reference (two sustained-release tablets)
or test formulation (one capsule of sustained-release pellets).
Blood samples were collected at predetermined times for
each protocol: (1) 0, 0.5, 1, 2, 3, 4, 5, 6, 8, 10, 12, 14, and
24 h for the reference; (2) 0, 1, 2, 4, 6, 8, 9, 10, 11, 12, 14,
24, and 36 h for the test. Plasma was immediately obtained
by centrifuging blood samples at 3 000 r/min for 10 min.
The plasma samples were stored in a freezer at -20
until analysis.
Chromatographic conditions Quantitative determination
was performed on a high-performance liquid chromatograph
(HPLC) equipped with a PU-980 pump (Jasco, Japan) and
UV-975 detector (Jasco). An ODS C-18 (4.6 mm×200 mm,
5 µm) was used and the mobile phase consisted of methanol:
acetonitrile:0.3% PBS (pH 4.8, 240:80:1 180, v/v)[7]. The eluates
were monitored at 265 nm. The flow rate was 0.9 mL/min
and the column temperature was maintained at 30 .
Sample preparation Each plasma sample (0.5 mL) was
mixed with 100 µL of 1.5 µg/mL caffeine and 200 µL amineammonium chloride aqueous solution (pH 11) in a glass
centrifuge tube, followed by the addition of 3 mL of a
solution of hexane:dichloride methane:isopropyl alcohol
(100:50:5, v/v). The mixture was then shaken on a vortex
mixer for 3 min and centrifuged at 3 000 r/min for 10 min.
The organic layer was transferred to a clean tube and
evaporated to dryness under nitrogen at 50 . The residue
was dissolved in 100 µL of 0.5% phosphoric acid and 20 µL
was subjected to HPLC.
Data analysis The term tmax denotes the time to reach
peak concentration, and Cmax is the peak concentration, and
they were obtained directly from the measured values. The
elimination rate constant (Ke) was calculated from the slope
of the logarithm of the plasma concentration vs time using
the final four points. The parameter t0.5 was derived from
0.693/K e. The area under the plasma concentration–time
curve (AUC0-tn) until the last sampling time (tn) was calculated
by the trapezoidal method. The relative bioavailability (F%)
was calculated as AUCTest formulation/AUCReference formulation. The
percentage absorption in vivo was calculated by WagnerNelson method.

RESUL
TS
RESULTS
Preparation of 24 h SM·HCl sustained-release pellets
The SM·HCl-loaded pellets were coated using the coating
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formulation consisting of 117 g/L Eudragit NE 30D,
sodium dodecyl sulfate (1% of Eudragit NE 30D, w/w)
as an antistatic agent and talc (45% of Eudragit NE 30D,
w/w) as an antiadherent agent in aqueous dispersion. The
effect of the coating level on the in vitro release behavior
of SM·HCl sustained-release pellets is shown in Figure 1A.
Clearly, higher the coating level, slower the release of
SM·HCl from the coated pellets. Judged from the initial
release rate and cumulative percentage release up to 20 h,
the ideal release behavior was achieved at a coating level of
6.5%. However, drug release was still rather slow in the
initial phase, with 2.84% being released up to 2 h. Therefore,
SM·HCl rapid-release pellets were prepared with a coating
level of 0.1%, and their release profiles are shown in Figure 1B,
and almost complete release was obtained within 2 h. When
employing a 9:1 (w/w) mixture ratio of slow- and rapidrelease pellets, the SM·HCl cumulative release was 10% at
2 h, 48% at 8 h, and more than 85% up to 20 h (Figure 1B).
This formulation was regarded as the optimal sustainedrelease formulation for the following studies.
The effect of the pH of the dissolution medium on the
release profiles of SM·HCl sustained-release pellets is shown
in Figure 2. The pH had no significant effect on the SM·HCl
release properties of the coated pellets. The release profiles
of the reference 12-h and test 24-h sustained-release tablets
and pellets were compared (Figure 3). The reference
formulation released drug completely up to 12 h, while the

In vivo pharmacokinetics of 24 h SM·HCl sustained-release
pellets
Either SM·HCl reference formulation (two 60 mg 12-h
sustained-release tablets) or SM·HCl test formulation (one
capsule containing 120 mg 24-h sustained-release pellets)
was orally administered in the two crossover experiments
in beagle dogs. The concentration-time curves of SM·HCl
in plasma for the two dosage forms are illustrated in Figure 4.
The pharmacokinetic parameters were calculated (Table 1).
The tmax was 2.67±0.21 and 9.83±0.40 h for SM·HCl reference
and test formulations, respectively, indicating that the test
pellets underwent a slower release and prolonged absorption
than the reference tablets. Also, the Cmax of SM·HCl 24-h
sustained-release pellets was 893.1±119.4 ng/mL, which
was significantly lower than that of 12-h sustained-release
tablets (1 334.5±150.5 ng/mL, P<0.05). Furthermore, the
AUC0-36 of the SM·HCl test formulation (13.50±1.47 mg·h/L)
was similar to the AUC 0-24 of the SM·HCl reference
formulation (13.06±9.45 mg·h/L), with the F (%) being
103.4. Hence, the two formulations were statistically
bioequivalent (P<0.05).
The percentage absorption in vivo of the two formulations
was assessed by the Wagner-Nelson method. The percentage
absorption (F(t)) exhibited a good linear relationship with
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Figure 4 SM·HCl plasma concentration-time profiles after oral administration of
24-h test sustained-release pellets ( ) and 12-h reference sustained-release
tablets ( ) in beagle dogs at a single dose of 120 mg/animal. Each value
represents mean±SE (n = 6).

Figure 5 Relationship between cumulative SM·HCl percentage release in vitro
f(t) and percentage absorption in vivo F(t) of the two dosage forms. S, I and R
are the abbreviations for the slope, intercept and correlation coefficient for the
correlation equation, respectively. Twenty-four-hour test sustained-release pellets
( ) and 12-h reference sustained-release tablets ( ).

Table 1 Pharmacokinetic parameters after oral administration of
either SM·HCl 24-h test sustained-release pellets or 12-h reference
sustained-release tablets in beagle dogs at a single dose of 120 mg/
animal (n = 6, mean±SD)

saturable drug solution was formed within the Eudragit
NE 30D coating layer and provided the primary drive for
drug release. Two mechanisms were assumed to account
for drug release from the coated pellets. Provided the coating
layer was a homogenous uninterrupted membrane, the
additives were evenly distributed, and there were many
interstices of the correct molecular size in the membrane.
Drug molecules initially dissolved in the membrane, then
diffused down the concentration gradient through these microgaps, and finally released into the outer medium. In addition,
if a water-soluble channeling agent was added, a number
of aqueous micro-channels formed across the membrane
when coming into contact with water, and acted as release
paths for soluble drug molecules, such as SM·HCl[10].
In this study, when a small amount of channeling agent
(1% PEG 4000 of Eudragit NE 30D, w/w) was added to
the coating formulation, SM·HCl-coated pellets at the coating
level of 6.5% released drug completely up to 12 h (unpublished
data). Thus, the channeling agent was absent in the coating
formulation, and the former mechanism is responsible for
water-soluble SM·HCl release from the coated pellets. Its
release behavior corresponds to Fick’s diffusion equation:
dC/dt = -DAk C/h, where dC/dt is the diffusion rate, D
the diffusion coefficient, A the surface area of membrane,
k the partition coefficient, C the concentration difference
across membrane, and h the thickness of membrane. Since
D, k and A were given for SM·HCl and coating membrane,
and C was constant in the initial release phase and decreased
exponentially in the later phase, dC/dt was inversely related
to h, as evidenced in Figure 1A. When the 6.5% coating
level was used, ideal release behavior was achieved.
Unfortunately, it exhibited a rather slower release in the
initial phase up to 2 h. With regard to mixing pellets with
different release rates to obtain the desired release behavior,
rapid-release pellets with complete release within 2 h were
prepared and combined with the above slow-release pellets
(1:9, w/w). The final product exhibited optimal release
behavior with 10.5% being released up to 2 h (Figure 1B),
indicating that mixing pellets with different release rates is a
powerful strategy for the management of in vitro drug release
properties[11].
The release profile of the final SM·HCl sustained-release

Parameter

Test formulation

Reference formulation

Cmax (ng/mL)
tmax (h)

893.1±119.4
9.83±0.40

1 334.5±150.5
2.67±0.21

Ke (1/h)
t0.5 (h)

0.044±0.01
20.7±8.7

0.084±0.01
8.6±1.9

AUC0–tn (mg·h/L)
F (%)

13.50±1.47
103.41

13.06±9.45
-

the cumulative percentage release (f(t), r being 0.98 and 0.
97 for the test and reference formulations, respectively,
Figure 5), demonstrating a good correlation between the
in vitro release and in vivo absorption processes.

DISCUSSION
It has been well established that SM·HCl is in an effective
treatment for rheumatoid arthritis comparable with another
traditional Chinese medicine, total glycosides of tripterygium
Wilfordii Hook f. However, SM·HCl has markedly reduced
side effects and improved safety, compared to the latter in
terms of gastrointestinal tract effects and urogenital toxicity[8].
In spite of this, the conventional SM·HCl dosage forms
give rise to higher peak to trough plasma concentration
fluctuation, resulting in moderate side effects. For this
reason, we attempted to develop a 24-h SM·HCl sustainedrelease preparation (once daily), and to prolong the absorption
phase and reduce the degree of concentration fluctuation
in vivo by managing the drug release characteristics of dosage
forms in vitro.
The multiple unit drug DDS and SM·HCl pellets were
prepared by a rotary layering process and the sustainedrelease behavior was obtained by standard industrial coating
technology. The coating formulation consisted of an aqueous
dispersion of Eudragit NE 30D[9], with the addition of
talc as the antiadherent agent and sodium dodecyl sulfate
as the antistatic agent. The coating layer of Eudragit NE
30D was moderately permeable to water molecules, which
are capable of penetrating into the pellet core. Thus, a
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pellets was unaffected by the pH of dissolution medium
(Figure 2). This was to be expected because the matrix
(Eudragit NE 30D) of the membrane was insensitive to
pH and the drug release was unaffected by the pH. The
24-h SM·HCl sustained-release pellets maintained a zerorate release up to 14 h, and exhibited prolonged release up
to 24 h, in contrast to the 12-h SM·HCl sustained-release
tablets (Figure 3). In order to investigate the effect of in vitro
release behavior on in vivo absorption of the coated pellets,
an in vivo comparative pharmacokinetic evaluation was
undertaken using 24-h SM·HCl sustained-release pellets vs
marketed 12-h sustained-release tablets in beagle dogs.
After oral administration at a single dose of 120 mg to
beagle dogs, the tmax of the 12-h sustained-release tablets
was 2.67±0.52 h, 7 h faster than 9.83±0.98 h for the 24-h
sustained-release pellets (Table 1 and Figure 4). In addition,
the C max of the 12-h sustained-release tablets (1 334.45±
368.76 ng/mL) was significantly higher than that of the 24-h
sustained-release pellets (893.12±292.55 ng/mL). Combining
the Cmax and tmax, the 24-h test pellets exhibited more significant
sustained release and prolonged absorption characteristics
than the 12-h reference tablets, including a reduced peak
concentration and a prolonged time to reach the peak
concentration. More importantly, the t0.5 of the 24-h test
pellets (20.7±8.7 h) was higher than that of the 12-h reference
tablets (8.6±1.9 h). This result is obviously inconsistent with
the theory that the intrinsic biologic half-time depends on a
given drug while being independent of the type of dosage
forms. The prolonged t0.5 of the 24-h test pellets suggested
a reduced apparent Ke compared to the 12-h reference tablets
(Table 1), which was accounted for by prolonged absorption
to partially counteract the intrinsic elimination capability
during the terminal phase. In effect, the absorption of the
24-h test pellets was markedly slower than that of the 12-h
reference tablets (Figure 4), due to more prolonged drug
release compared to the reference tablets. The aforementioned
results clearly indicate that the release characteristics of
dosage forms, play a significant role in mediating their
pharmacokinetic behavior. As a consequence, an optimal
pharmacokinetic performance could be achieved by
producing the desired release profiles of dosage forms. The
AUC0-tn of the two SM·HCl dosage forms was comparable
and both were statistically bioequivalent preparations (P<0.05).
Moreover, the SM·HCl percentage absorption in vivo
correlated well with the cumulative percentage release in vitro
as far as two preparations were concerned (Figure 5), validating
the in vitro dissolution conditions and verifying the utility of
the sustained-release dosage forms (Figure 4). In addition,
the slopes of two correlation equations for the two dosage
forms were similar. In contrast, the intercept of the 24-h
test formulation (-11.6%) was greater than that of the 12-h
reference tablets (-24.6%), suggesting that the percentage
absorption of the 12 h reference tablets is 13% lower than
that of the 24-h test formulation when the percentage release
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is the same. Ren et al.[12], reported that the permeability of
SM·HCl in jejunum and ileum is poorer than that in the
colon, which might be responsible for the above relatively
reduced absorption of the 12-h reference tablets due to
the main site of residence being the jejunum and ileum.
In summary, 24-h SM·HCl sustained-release pellets
can be successively prepared by a conventional rotary
layering process and standard industrial coating technology.
Optimal in vitro release properties can be achieved by a
mixing strategy involving pellets with different release rates.
Moreover, the SM·HCl release characteristics of the dosage
forms have a marked effect on their pharmacokinetics in
vivo. Accordingly, managing the in vitro release behavior of
dosage forms is a promising strategy for obtaining optimal in
vivo pharmacokinetic characteristics and safe therapeutic drug
concentration–time curves.
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Abstract
AIM: To review the experience in surgery for 508 patients
with portal hypertension and to explore the selection of
reasonable operation under different conditions.
METHODS: The data of 508 patients with portal
hypertension treated surgically in 1991-2001 in our
centers were analyzed. Of the 508 patients, 256 were
treated with portaazygous devascularization (PAD),
167 with portasystemic shunt (PSS), 62 with selective
shunt (SS), 11 with combined portasystemic shunt and
portaazygous devascularization (PSS+PAD), 9 with liver
transplantation (LT), 3 with union operation for hepatic
carcinoma and portal hypertension (HCC+PH).
RESULTS: In the 167 patients treated with PSS, free portal
pressure (FPP) was significantly higher in the patients
with a longer diameter of the anastomotic stoma than
in those with a shorter diameter before the operation
(P<0.01). After the operation, FPP in the former patients
markedly decreased compared to the latter ones (P<0.01).
The incidence rate of hemorrhage in patients treated with
PAD, PSS, SS, PSS+PAD, and HCC+PH was 21.09%
(54/256), 13.77 (23/167), 11.29 (7/62), 36.36% (4/11),
and 100% (3/3), respectively. The incidence rate of hepatic
encephalopathy was 3.91% (10/256), 9.58% (16/167),
4.84% (3/62), 9.09% (1/11), and 100% (3/3), respectively
while the operative mortality was 5.49% (15/256), 4.22%
(7/167), 4.84% (3/62), 9.09% (1/11), and 66.67% (2/3)
respectively. The operative mortality of liver transplantation
was 22.22% (2/9).
CONCLUSION: Five kinds of operation in surgical
treatment of portal hypertension have their advantages
and disadvantages. Therefore, the selection of operation
should be based on the actual needs of the patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Portal hypertension; Surgical operation; Shunt
Xu XB, Cai JX, Leng XS, Dong JH, Zhu JY, He ZP, Wang FS,
Peng JR, Han BL, Du RY. Clinical analysis of surgical treatment
of portal hypertension. World J Gastroenterol 2005; 11
(29): 4552-4559

http://www.wjgnet.com/1007-9327/11/4552.asp

INTRODUCTION
In order to discuss operation indications, the data of 508
patients with portal hypertension treated surgically with
portaazygous disconnection (PD), portasystemic shunt
(PSS), selective shunt (SS), combined portasystemic shunt
and portaazygous devascularization (PSS+PAD), liver
transplantation (LT), and union operation for hepatic
carcinoma and portal hypertension (HCC+PH) in 1991-2002
in our centers were analyzed.
MA
TERIALS AND METHODS
MATERIALS
General data
Of the 508 patients, 425 were males and 83 females, aged
3-71 years (average 40.8 years). Three hundred and fifty-eight
patients (70.47%) had a history of bleeding from the upper
digestive tract, 150 patients (37.24%) had esophageal varices
in different degrees with no history of bleeding from the
upper digestive tract. Child-Pugh classification of liver function
showed grade I in 260 patients, grade II in 164, grade III in
84. Etiology was posthepatitic cirrhosis in 468 patients, biliary
cirrhosis with biliary tract stenosis in 22, extrahepatic portal
obstruction in 6, alcoholic cirrhosis in 8, schistosomiasis
cirrhosis in 3, and idiopathic portal hypertension in 1.
Types of operation
Portaazygous disconnection (PAD) was performed in 256
patients (50.39%); portasystemic shunt (PSS) in 167 patients
(32.87%, Table 1); selective shunt (SS) including distal
splenorenal shunt (DSRS), distal splenocaval shunt (DSCS),
coronary vein-left renal vein shunt and coronary vein-caval
shunt in 62 patients (12.20%, Table 2).
Statistical analysis
The data were expressed as mean±SD, and analyzed with SPSS
10.0 for Windows. P<0.05 was considered statistically significant.

RESUL
TS
RESULTS
Free portal pressure (FPP)
The changes of free portal pressure (FPP) in 215 cases

Xu XB et al. Clinical analysis of surgical treatment of portal hypertension
Table 1 Patients treated with PSS
Types of operation

Cases

Portacaval shunt (PCS)
Portacaval shunt with prosthetic H-graft (PCS-H)

14
25

Mesocaval shunt (MCS)
Inferior mesocaval shunt (IMCS)

66
26

Splenorenal shunt (SRS)
Juxtal splenocaval shunt (SCS)

12
16

Branch of mesenterico-caval shunt (BMCS)
Inferior meso-left renal vein shunt

5
2

Colonic media vein-caval shunt
Total

1
167

Table 2 Patients treated with selective shunt (SS)
Types of operation

Cases

Distal splenocaval shunt (DSCS)
Distal splenorenal shunt (DSRS)

42
16

Coronary vein-caval shunt
Total

4
62

were observed before and after operation. The results are
summarized in Table 3.
The results showed that FPP in the four groups of
operation showed a marked post-operative decrease,
especially in the PSS group with a diameter of anastomotic
stoma in 8-12 mm compared to pre-operation (P<0.01).
The pre-operation FPP in the PSS (diameter 8-12 mm)
group was notably higher than that in other groups (P<0.01).
The decreased absolute value of post-operation FPP in the
PSS (diameter 8-12 mm) group (1.23±0.5 kPa) was also
much higher than that in the PAD group (0.5±0.47 kPa)
and SS group (0.51±0.46 kPa, P<0.01). No significant
difference was found in the post-operation FPP of the
above-mentioned four groups (P>0.05).
The FPP in 9 of 11 patients who underwent combined
PSS+PAD decreased 0.79 kPa (81 cm H2O) averagely after
operation with no change of FPP in the other 2 patients.
The degrees of esophageal varices in 7 of the 11 patients
were alleviated with no change in the other 4 patients after
operation as confirmed by barium meal.
Table 3 Changes of free portal pressure (FPP) in three types of
operation (mean±SD)
Types of operation
Portaazygous disconnection (PAD)
PSS (diameter of anastomotic
stoma in 8–12 mm)
PSS (diameter of anastomotic
stoma in 6–8 mm)
Selective shunt (SS)

Cases

Pre-operation
(kPa)

Post-operation
(kPa)

81
52

3.78±0.50
4.29±0.80

3.26±0.57
3.11±0.63

42

3.91±0.48

3.12±0.46

62

3.85±0.59

3.26±0.45

Rehemorrhage
Ninety-one of the five hundred and eight cases (16.8%)
had rehemorrhage. The incidence rate of hemorrhage in
patients treated with PAD, PSS, SS, and PSS+PAD was
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21.09% (54/256), 13.77 (23/167), 11.29 (7/62), and 36.
36% (4/11), respectively. Twenty-four (44.44%) of the
fifty-four rebleeding patients treated with PAD had
rebleeding within a year after operation, the incidence rate
of rehemorrhage was 9.38% (24/256). Fourteen cases had
rebleeding 5 years after PAD. Hepatectomy combined with
splenic artery ligation, coronary vein and cardia and fundus
varix ligation, or portacaval shunt with H-grafts (8 mm in
diameter) was performed in three patients with hepatocellular
carcinoma complicated by portal hypertension. The
incidence rate of rebleeding was 100% (3/3).
Hepatic encephalopathy
The total incidence rate of hepatic encephalopathy was
6.50% (33/508). The incidence rate of hepatic encephalopathy
in patients treated with PAD, PSS, SS, PSS+PAD, and
HCC+PH was 3.91% (10/256), 9.58% (16/167), 4.84%
(3/62), 9.09% (1/11), and 100% (3/3), respectively.
Operative mortality and its causes
The total operative mortality was 5.91% (30/508).
PAD The operative mortality was 5.86% (15/256). The
cause of death was rebleeding. The high mortality was
associated with severe disease. After being discharged from
hospital, 21 cases died of rebleeding (10 cases), primary
hepatocellular carcinoma (5 cases), liver function failure
(5 cases) and malignant lymphoma (1 case).
PSS The operative mortality was 4.19% (7/167). Three
patients died of severe hepatorenal syndrome, two died of
rebleeding after operation, two underwent emergency MCS
(12 mm in diameter of the anastomotic stoma), and died
of hepatic encephalopathy 5 d after operation due to the
improper operation method and large diameter of the
anastomotic stoma. After being discharged from hospital,
16 cases died of primary hepatocellular carcinoma (5 cases),
liver function failure (7 cases) and of rebleeding (4 cases).
SS The operative mortality was 4.84% (3/62). Three
patients died of cerebral hemorrhage 5 d after operation,
hepatorenal syndrome, and, rehemorrhage and infection
in the subphrenic area and left lung. After discharge,
two patients died of primary peritonitis, one of severe
hepatitis, one of rebleeding.
PSS+PAD The operative mortality was 9.09% (1/11), this
patient died of persistent deterioration of hepatic function
and renal failure.
HCC+PH The operative mortality was 66.67% (2/3). One
patient died of postoperative hemorrhage, the other died
of hepatic failure. The last one succumbed to hepatic
function failure 10 mo later after operation.
Liver transplantation We performed liver transplantation
in 9 (1.77%) cases. The operative mortality was 2/9 (22.22%).
The major reason of death was liver failure and infection
after operation.
Portacaval shunt for patients with portal hypertension
combining ascites
Nineteen patients with ascites before operation underwent
portacaval shunt. They all had hematemesis, dark stools,
moderate and severe esophageal varices, ascites, and no
hypertension and kidney disease. The liver function of all
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the patients was Child’s grade B, and their HBsAg was positive.
Eleven patients underwent portacaval shunt with H-graft,
and eight patients, portacaval side-to-side anastomosis. No
ascites were found by B-type ultrasound reexamination in
the abdominal cavity before discharge. Hepatic tissue biopsy
showed liver cirrhosis. But mild and moderate hepatic coma
occurred in three patients with diameter of anastomotic
stoma of 8-10 mm after operation.
Emergency operation for massive hemorrhage of
gastrointestinal tract due to portal hypertension
Twenty (3.94%) of the above-mentioned patients underwent
emergency operation. Ten of the patients (50%) had massive
hemorrhage in gastrointestinal tract for the first time, the
other 10 patients had a past medical history of massive
hemorrhage in the gastrointestinal tract. They received
endoscopic sclerotherapy (four cases) and loop ligation of
varices (two cases), TIPSS (one case), balloon tamponade
compression by a four-lumen tube (three cases). The causes
of portal hypertension were cavernous transformation of
portal vein, idiopathic portal hypertension, and posthepatitic
cirrhosis. Liver function was Child’s grade A (2 cases),
Child’s grade B (7 cases), Child’s grade C (11 cases). Of the
20 cases, 12 cases received emergency PSS, 8 emergency
PAD (gastroesophageal devascularization, 4 cases had
ligation of splenic artery without splenectomy). The ratio
of preoperative liver function as Child’s grade C was
58.33% (7/12) in the PSS group and 50% (4/8) in the
PAD group. Postoperative mean loss of FPP was 9.6 cm
H2O in the PSS group and 1.8 cm H2O in the PAD group.
Surgical hemostasis had an effect on all the patients. Of
the eight patients who underwent PAD, none had hepatic
encephalopathy, five recovered smoothly, three (37.5%) had
rehemorrhage within 2 wk after operation. We could not
determine whether rupture of varices or hemorrhagic gastritis
was the cause of postoperative bleeding. Of 12 patients
who received PSS, 3 (25%) had hepatic encephalopathy,
2 (16.67%) rehemorrhagia, 4 died of liver failure. The total
operative mortality was 25%. The operative mortality was
33.33% in the PSS group and 12.5% in the PAD group.

DISCUSSION
Portal hypertension refers strictly to an increase in the portal
venous pressure (>5 mm Hg or 7 cm H2O). Based on data
in China, the normal portal venous pressure ranges from
13 to 24 cm H 2O, its mean value is 18 cm H2O. Portal
hypertension can be diagnosed when free portal venous
pressure exceeds 25 cm H2O, but the term is used to the
clinical syndrome associated with an increased portal venous
pressure characterized by splenomegaly and the development
of abnormal portalsystemic venous anastomosis. Increased
resistance to blood flow in the portal venous system is the
most important cause, though increased portal blood flow
may contribute to it in a few cases. The causes of increased
portal venous resistance may lie in the presinusoidal vessels
outside the liver or in the intrahepatic vessels at pre-sinusoidal,
sinusoidal or post-sinusoidal levels. No consistent therapeutic
method has been successful due to its complex etiology,
pathophysiology and hemodynamics. Which kind of surgical
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treatment should be used depends on portal hemodynamics,
etiology, age, liver pathology, liver function, bleeding history
of upper digestive tract, size of spleen and hypersplenism.
PAD
PAD has no significant effect on portal perfusion.
Nutritional factors such as insulin and glucagons are
favorable for maintaining normal liver function[1,2]. Portal
hypertension is important in maintaining hepatopetal blood
flow during liver cirrhosis[3-6]. The present study showed
that FPP of the pre-PAD-operation decreased by 0.59 kPa
averagely compared to that of post-PAD-operation (P<0.01).
In a small number of patients treated with PAD, the mean
FPP decreased much more than 0.59 kPa, suggesting that
PAD is an effective hemostatic method for patients with
massive hemorrhage of the upper digestive tract[7]. A few
of the patients with plentiful collateral circulation in gastric
fundus and pericardia and recurrent upper gastrointestinal
bleeding, had no change of FPP or a slightly elevated FPP
after PAD and might have had rehemorrhage shortly after
PAD operation.
One typical male patient had a massive hemorrhage of
upper digestive tract combined with primary peritonitis,
jaundice and ascites, and underwent emergency PAD. His
hemorrhage ceased, and liver function and general state
improved. Four years later, the patient had a massive
rehemorrhage of upper digestive tract without jaundice and
ascites, and received emergency MCS with a diameter of
the anastomotic stoma in 10 mm. From then on, we followed
him up continuously and found no rebleeding and hepatic
encephalopathy. Animal experimental study showed that
during cirrhotic portal hypertension, the defensive capacity
of mucosa is progressively weakened, resulting in pathologic
changes of the gastric mucosa[8]. After disconnection of
portaazygous junction, desquamation of the epithelial cells
of the gastric mucosa, edema and thickening of the
submucosal layer, and narrowing of its capillaries occur[9].
The epithelium of the gastric mucosa is obviously ischemic
and hypoxic, the defensive capability of the gastric mucosa
is further deteriorated, indicating that it is one of the causes
of high hemorrhage rate after disconnection[10,11]. A few
patients may have rebleeding shortly after PAD[12,13].
Another typical case, a female, had recurrent bleeding
four times (hematemesis and hemafecia) accompanied with
hydrothorax and ascites within 3 mo, underwent emergency
PAD, then she could take food as her hydrothorax and
ascites gradually receded. Seventeen days after operation,
hematemesis occurred, she had a massive rehemorrhage
of upper digestive tract the next day, balloon tamponade
compression had no effect on hemostasis. Two days later,
emergency MCS was performed, 1 000 mL ascites was
found during operation, then rebleeding ceased. The
rebleeding of this case was due to the pathologic changes
of the gastric mucosa that resulted from PAD[14].
Based on the above data about PAD, the operation
indications for PAD include: massive bleeding of upper digestive
tract which cannot be controlled by non-surgical methods;
the FPP<3.92-4.41 kPa (40-45 cm H2O) after splenectomy;
esophageal varicosis, splenomegaly, anteroposterior diameter
of the spleen>7 cm and apparent hypersplenism; recurrent
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bleeding of the upper digestive tract, debility or poor
condition, and poor liver function; rebleeding after DSCS
or DSRS, thrombosis of anastomotic stoma of splenic vein;
regional portal hypertension.
PSS
PAD combined with small stoma PSS is widely used in the
therapy of portal hypertension[15,16]. The diameter of the
anastomosis stoma of PSS mentioned in this paper was
from 6 to 8 mm. Small-diameter portacaval shunt for patients
is in favor of hepatic reserve[17,18]. After PSS, the FPP level
was (3.15±0.39) kPa and the incidence rate of rehemorrhage
of upper digestive tract reduced by alleviating pathological
changes of gastric mucosa and prevented the formation
of lateral branch circulation. In order to preserve
hepatopetal perfusion to support and improve liver function,
the FPP should be maintained at the level no more than
(3.92-4.41) kPa. The FPP level was as high as 9.58%
(16/167) in patients treated with PSS, which might be
associated with improper selection of patients and large
anastomotic stoma. In recent years, we have performed
some kinds of PSS with small caliber and low blood flow
discharge such as inferior mesocaval shunt (IMCS) [19],
inferior meso-left renal vein shunt [20,21] and branch of
mesenterico-caval shunt (BMCS), which are technically easy
to operate and popularize. Experimental animal study
suggested that the portacaval shunt significantly improves
the microcirculation of gastric mucosa[22] and can promote
gastric mucosa to synthesize and secrete glycoprotein and
prostaglandins, thus increasing the defensive capability of
the gastric mucosa[23,24]. It was reported that the levels of
plasma renin activity (PRA), angiotensin converting enzyme
(ACE), angiotensin II and portal venous pressure (PVP)
decrease significantly in cirrhotic patients with portal
hypertension after portacaval shunts, which may be the
major causes of ascites disappearance in cirrhotic patients
after portacaval shunt[25]. Surgical PSS might be considered
for acute or chronic portal bleeding if medical treatment
fails[26]. Some kinds of diseases must be operated with PSS,
such as extrahepatic portal vein obstruction and portal
hypertension resulting from biliary cirrhosis of liver due to
bile duct stenosis.
The operation indications for PSS include recurrent
multiple bleeding of the upper digestive tract and liver
function in Child’s grades A and B status, no ascites,
extrahepatic portal vein obstruction, portal hypertension
resulting from biliary cirrhosis of liver due to hepatic duct
stenosis, rebleeding after PAD, and rebleeding after PAD
combined with PSS.
Selective shunt (SS)
The theoretical bases for designing selective shunt (SS) are
as follows [27,28]. PSS (unselective shunts) is effective in
hemostasis of the upper digestive tract, but it decreases portal
perfusion leading to deterioration of liver function[29,30]. PAD
aggravates pathologic changes of gastric mucosa and has a
high rate of rebleeding. The functional reserve of the liver
depends on portal perfusion[17,31]. These thoughts have led
to the development of selective portasystemic shunts.
Warren first reported DSRS in 1967 [32], and Inokuchi
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designed and reported coronary vein-caval shunt in 1968[33]
and 1969[34]. Holmin et al.[35], operated DSCS in rats in 1977,
Bhalerao et al.[36], firstly reported DSCS in patients in 1978.
Since 1984, Cai et al.[37], have begun to operate DSCS in
patients in China. Preliminary data indicate that DSRS in a
subgroup of patients with good liver function and a correct
portaazygous disconnection, more effectively prevents
variceal rebleeding than endoscopic sclerotherapy[38]. It was
reported that DSCS selectively improves microcirculation
and functions of the gastric mucosa[39]. DSCS and PAD are
better than MCS and PCS (portacaval shunt) in protecting
the hepatic reserve function in rats with cirrhotic portal
hypertension[40-44]. Experimental study also revealed that the
blood viscosity after DSCS is lower than that after PAD[45].
DSRS and DSCS have all the advantages of both PAD and
PSS, but they are technically difficult. The incidence rates
of rebleeding and hepatic encephalopathy in our patients
treated with SS were lower compared to the patients treated
with other kinds of operation, which might be partly
associated with the different conditions of patients. Our
results are in accord with other reports[46-48].
Gradual development of encephalopathy also exists
after selective shunts, and is related with loss of hepatic
perfusion of portal blood[49]. Based on other reports, portal
blood flows to the liver in the early postoperative period in
about 88% of patients but in about 42% after 3 years; no
patient with a continuing flow of portal blood to the liver
suffers from encephalopathy. Final loss of portal blood
flow may be due to continuing superior mesenteric venous
hypertension causing the development of collateral vessels
which convert the selective shunt to an unselective shunt.
The selective shunts have not yet been shown to improve
long-term survival, which may in any case be limited by
progressive liver disease, but their advantages in the shorter
term may allow more patients a better survival.
The role of selective shunts in the treatment of
gastrointestinal bleeding due to portal hypertension is still
controversial. It has already established that it is not suitable
to patients with ascites because it may become uncontrollable
after the operation and cannot improve portal flow to the
liver. It should never be done when there is centrifugal
portal blood flow, as in the Budd-Chiari syndrome.
The operation indications for SS include liver function
stabilized in Child’s grade A or B, portal blood flow velocity
higher than 8-10 cm/s, degree I or II of portal vein displaying
during arterial portography[50], more than 1.96 kPa (20 cm
H 2O) of the difference between splanchnic obstructive
portal pressure (SOPP) and free portal pressure (FPP), no
active hepatitis, esophageal varicosis with history of
hemorrhage or severe esophageal varicosis without history
of hemorrhage, splenomegaly and anteroposterior diameter
of the spleen >7 cm and no apparent hypersplenism, no
chronic pancreatitis and splenic phlebitis or periphlebitis,
no ascites, no retro-peritoneal edema, no Budd-Chiari
syndrome.
Combined PSS+PAD
Compared to PAD, PSS+PAD had a higher operative
mortality, but their postoperative hemorrhage incidence rates
had no difference. The number of our cases that underwent
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PSS+PAD was too small to induce a definite objective
evaluation.
PSS+PAD was performed in the early 1980s. Huang
Yaoquan[51] reported the experience of 33 cases operated
with PSS+PAD. Then some similar reports showed that
this type of operation cannot only decrease free portal
pressure to achieve the goal of persistent hemostasis, but
also not reduce excessive hepatopetal blood flow[16,52]. After
PAD, spontaneous shunt will be gradually emerged.
PSS+PAD, ahead of schedule replaces spontaneous shunt,
which slowly occurs after PAD with artificial shunt in
operation. Combined devascularization and splenorenal
shunt (PAD+PSS) significantly decreases portal venous
flow and portal pressure, as well as maintaining hepatopetal
flow, thus entailing fewer complications compared to
either PAD or PSS, some scholars even advocated that
PSS+PAD could be a primary selection in the operations
for portal hypertension[53,54].
Compared to PSS or PAD, PSS+PAD prolongs operation
time, aggravates surgical trauma, and damages liver function,
which are the reasons why PSS+PAD cannot be generally
performed. Based on the incomplete statistics of 24 famous
Chinese hospitals in 1998, only 204 (only accounted for
1.7%) cases received PSS+PAD in more than 12 000 cases
of operations for portal hypertension[55].
Prognosis of the patients is mainly dependent on the
condition of the whole body and hepatic function. We
should select the operations which have minimal adverse
effect on the whole condition and liver function in the
patients. PSS has few advantages because of a negative
effect on hepatic blood perfusion in contrast to PAD. In
China, Yang Zhen and Qiu Fazu[6,56] reported that patients
that underwent standard PAD have a postoperative
rebleeding incidence rate lower than 10%. Thus, it should
be emphasized that surgeons should be careful when
choosing PSS+PAD as a treating method for the patients
with portal hypertension.
The operation indications for PAD combined with small
stoma PSS (usually mesocaval shunt or portacaval shunt)
include recurrent or massive bleeding of varices of
esophagus and gastric fundus and stable liver function
in Child’s grades A and B, overt varices of esophagus
and gastric fundus and Child’s grade A status of hepatic
function with FPPs more than 3.92-4.41 kPa (40-45 cm
H2O) after splenectomy in operation and no ascites or small
amounts of ascites, and a relatively younger age (generally
less than 60 years).
Surgical treatment of primary hepatic carcinoma concurrent
with portal hypertension
Surgical treatment of primary hepatic carcinoma
complicated by portal hypertension is based on appraisal
of hepatosis and prediction of life expectancy of the
patients with portal hypertension[57,58]. The 5-year survival
rate of the patients with liver cirrhosis and hemorrhage of
upper digestive tract is 25-35%. Pinto et al. [59], reported
that 287 patients with hemorrhage of the upper digestive
tract have a total 5-year survival rate of 26.2%, and that
hepatic function condition of the patients exerts great effects
upon their survival. Yang et al.[60], reported that poor liver
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function increases postoperative rebleeding and mortality.
Zhang et al. [61], showed that onestage hepatocellular
carcinoma excision and splenectomy and portal azygous
disconnection can be simultaneously performed for
patients with good hepatic function. Our datas showed that
hepatectomy and portacaval shunt greatly exacerbate the
hepatic function, if these two operations are performed
simultaneously.
During the treatment of patients with hepatocellular
carcinoma and portal hypertension, the following must be
considered. Hepatic function of the patients is a fundamental
factor in determining the prognosis and long-term survival.
In recent years, many domestic hospitals have performed
whole liver transplantation in order to treat the liver-function
decompensation (Child’s grade C or more serious) patients
with hepatocellular carcinoma (mainly small HCC) and upper
gastrointestinal hemorrhage due to portal hypertension, and
have achieved good therapeutic effects. Prophylactic PAD
and PSS should not be done for the patients with varices
of esophagus and gastric fundus but without upper
gastrointestinal hemorrhage. One-stage hepatectomy
and PAD (splenectomy and pericardia disconnection)
should be a better choice for patients with HCC and portal
hypertension [62]. Interventional therapy (hepatic artery
embolism) plus PAD and hepatectomy plus either sclerotherapy
or loop ligature can reduce operational risk[63,64].
Liver transplantation
Liver transplantation can treat portal hypertension, and
rehemorrhage, and encephalopathy do not occur in treated
patients. Liver transplantation was carried out abroad much
earlier. The domestic practice of liver transplantation in
recent years indicates that liver transplantation is feasible
not only in patients with chronic progressive hepatic failure,
refractory ascites and jaundice, but also in patients with
recurrent hemorrhage, especially with poor hepatic
function, if they are not old and their other vital organs
function well. For example, one patient with multiple upper
gastrointestinal bleeding received repeated sclerotherapy
and TIPS, but no effective results were achieved. He then
underwent a whole liver transplantation because of
carcinomatous changes in his liver, and his free portal
pressure decreased to normal level and conditions were
very satisfactory.
In China, most patients who underwent liver transplantation
were those with advanced-stage hepatocellular carcinoma
and malignant diseases of biliary tract, the few were those
with benign irreversible liver diseases including liver failure
and recurrent upper gastrointestinal hemorrhage.
The indication for liver transplantation is end-stage
liver disease. Not all patients with variceal bleeding have
end-stage liver disease, and not every patient with variceal
bleeding needs a new liver. Although the availability and
increasingly successful outcome of liver transplantation
have significantly altered the management of patients with
cirrhosis, the question “does this patient really need a
transplant now, or is the patient likely to need a transplant
in the future?” should always be asked.
We believe that the therapy of hepatic cirrhosis and
portal hypertension complicated by upper digestive
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hemorrhage will change greatly.
Portacaval shunt for patients with portal hypertension and
ascites
Many researches have confirmed that blood renin activity
of the patients with liver cirrhosis and portal hypertension,
especially those with ascites[25,65,66], increases obviously. Vice
versa, increased renin activity can raise portal vein pressure
(PVP) via initiating renin–angiotensin–aldosterone system
and plays an important role in ascites due to cirrhosis.
The reasons why their ascites disappear after portacaval
shunt are as follows. Portal vein pressure (PVP) decreases
significantly. After portacaval shunt, returned blood volume
and effective blood volume increase, and then renal blood
flow relatively raises, making the juxtaglomerular cells secrete
less renin. The blood level of glucagons reduced by
portacaval shunt also inhibits the secretion of renin[30,67],
that may weaken the role of renin-angiotensin-aldosterone
system and reduce ascites.
It is well known that hepatic coma usually occurs in
patients after portacaval shunt operation. We should use a
small diameter (6-8 mm) of anastomosis stoma of portacaval
shunt as best as we can.
Emergency operation for upper gastroesophageal massive
hemorrhage due to portal hypertension
The results in our study demonstrate that emergency
operation rank non-negligible position in the treatment of
portal hypertension.
Once the varices rupture, the chance of rehemorrhage
is very high shortly after the first hemorrhage, and the
mortality rate due to rehemorrhage is nearly twice that of
the first hemorrhage. Thus, the indications of emergency
surgery include massive hemorrhage which cannot be
controlled within 12 h, recurrent massive upper gastrointestinal
hemorrhage, and no obvious surgical contraindications.
Which surgical procedure should be adopted depends
upon the condition of patients, liver function and findings
in surgery. Generally, shunt operation can be performed in
patients with relatively better condition and liver function,
a great quantity of collateral vessels surrounding the spleen
and higher portal pressure (>3.43 kPa or 35 cm H2O). On
the contrary, patients with poor body condition and liver
function, a few collateral vessels, obvious atrophy of liver
volume and portal vein pressure less than 3.43 kPa (35 cm
H2O), are fit for splenectomy and disconnection. Our data
showed that only a slight difference in operative mortality
between the two groups of patients was found, and that no
operative mortality and encephalopathy occurred in the PAD
group, suggesting that PAD can be performed when possible.
With regard to emergency operation, we should decide
whether the spleen is resected according to the condition
of patients. It was reported that splenic artery ligation in
these patients achieves the same therapeutic effects as
splenectomy [68]. Therefore, when the patients undergo
disconnecting combined with shunting (except for
splenorenal shunt), their spleen may not be excised, and
splenic artery may be ligated.
It was considered previously that the patients with poor
liver function should not be operated because of high operative
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mortality. In the shunting group in this article, three of seven
patients with Child’s grade C died of surgical treatment. In
the disconnecting group in this article, none of the three
patients with Child’s grade C died of PAD operation,
suggesting that surgical therapy should be taken and PAD
is the proper selection for patients with poor liver function[69].
In regard to the surgical therapy of patients with portal
hypertension, a suitable surgical procedure can achieve
satisfactory therapeutic results. Different patients at different
stages in their disease may require different therapies. An
emphasis of this management is the full evaluation of the
underlying liver disease. Our data showed that PAD as a
major operation accounted for 50.39% of all the operations
in this article. If the diameters of anastomotic stoma of
PSS are restricted, favorable therapeutic effects can be
achieved. When PSS needs to be conducted, the diameter
of the anastomotic stoma should be 6-8 mm and the most
usual operative approach is side-to-side meso-caval shunt.
Selective shunt is a relatively ideal surgical procedure, but
technically it is difficult. Although disconnection plus shunt
seems to be a better procedure of choice because it can
lower the portal pressure and maintain the portal flow, it
will give the patient a big strike and should be carefully
selected according to the liver function of patients. Liver
transplantation can treat portal hypertension and achieve
better long-term results, but it should not be the first choice
in treating portal hypertension in China. Doctors should
evaluate liver function comprehensively of patients with
hepatocellular carcinoma and portal hypertension and
carefully select combined operation in order to prolong their
survival time. The cirrhotic patients with ascites can be
treated with PSS with a small diameter (6-8 mm) of the
stoma anastomosis. If acute continuous gastroesophageal
variceal bleeding in cirrhotic patients cannot be controlled
by medical treatment, and if no operational contraindication
exists, emergency surgical treatment should be given
immediately.
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Abstract
AIM: To study the portal hemodynamics and their relationship
with the size of esophageal varices seen at endoscopy
and to evaluate whether these Doppler ultrasound parameters
might predict variceal bleeding in patients with liver cirrhosis
and portal hypertension.
METHODS: One hundred and twenty cirrhotic patients
with esophageal varices but without any previous bleeding
were enrolled in the prospective study. During a 2-year
observation period, 52 patients who had at least one episode
of acute esophageal variceal hemorrhage constituted the
bleeding group, and the remaining 68 patients without
any previous hemorrhage constituted the non-bleeding
group. All patients underwent endoscopy before or after
color Doppler-ultrasonic examination, and images were
interpreted independently by two endoscopists. The control
group consisted of 30 healthy subjects, matched to the
patient group in age and gender. Measurements of diameter,
flow direction and flow velocity in the left gastric vein
(LGV) and the portal vein (PV) were done in all patients
and controls using color Doppler unit. After baseline
measurements, 30 min after oral administration of 75 g
glucose in 225 mL, changes of the diameter, flow velocity
and direction in the PV and LGV were examined in 60
patients with esophageal varices and 15 healthy controls.
RESULTS: The PV and LGV were detected successfully in
115 (96%) and 105 (88%) of 120 cirrhotic patients,
respectively, and in 27 (90%) and 21 (70%) of 30 healthy
controls, respectively. Among the 120 cirrhotic patients,
37 had F1, 59 had F2, and 24 had F3 grade varices. Compared
with the healthy controls, cirrhotic group had a significantly
lower velocity in the PV, a significantly greater diameter
of the PV and LGV, and a higher velocity in the LGV. In the
cirrhotic group, no difference in portal flow velocity and

diameter were observed between patients with or without
esophageal variceal bleeding (EVB). However, the diameter
and blood flow velocity of the LGV were significantly higher
for EVB (+) group compared with EVB (-) group (P<0.01).
Diameter of the LGV increased with enlarged size of varices.
There were differences between F1 and F2, F1 and F3
varices, but no differences between F2 and F3 varices
(P = 0.125). However, variceal bleeding was more
frequent in patients with a diameter of LGV >6 mm. The
flow velocity in the LGV of healthy controls was 8.70±1.91
cm/s (n = 21). In patients with liver cirrhosis, it was
10.3±2.1 cm/s (n = 12) when the flow was hepatopetal
and 13.5±2.3 cm/s (n = 87) when it was hepatofugal. As
the size of varices enlarged, hepatofugal flow velocity
increased (P<0.01) and was significantly different between
patients with F1 and F2 varices and between patients
with F2 and F3 varices. Variceal bleeding was more frequent
in patients with a hepatofugal flow velocity >15 cm/s (32
of 52 patients, 61.5%). Within the bleeding group, the
mean LGV blood flow velocity was 16.6±2.62 cm/s. No
correlation was observed between the portal blood flow
velocity and EVB. In all healthy controls, the flow direction
in the LGV was hepatopetal, toward the PV. In patients
with F1 varices, flow direction was hepatopetal in 10
patients, to-and-fro state in 3 patients, and hepatofugal
in the remaining 18. The flow was hepatofugal in 91% patients
with F2 and all F3 varices. Changes in diameter of the PV
and LGV were not significant before and after ingestion
of glucose (PV: 1.41±1.5 cm before and 1.46±1.6 cm
after; LGV: 0.57±1.7 cm before and 0.60±1.5 cm after).
Flow direction in the LGV was hepatopetal and to-and-fro
in 16 patients and hepatofugal in 44 patients before
ingestion of glucose. Flow direction changed to hepatofugal
in 9 of 16 patients with hepatopetal and to-and-fro blood
flow after ingestion of glucose. In 44 patients with hepatofugal
blood flow in the LGV, a significant increase in hepatofugal
flow velocity was observed in 38 of 44 patients (86%)
with esophageal varices. There was a relationship between
the percentage changes in flow velocity and the size of
varices. Patients who responded excessively to food ingestion
might have a high risk for bleeding. The changes of blood
flow velocity in the LGV were greater than those in the PV
(LGV: 28.3±26.1%, PV: 7.2±13.2%, P<0.01), whereas
no significant changes in the LGV occurred before and
after ingestion of glucose in the control subjects.
CONCLUSION: Hemodynamics of the PV is unrelated to
the degree of endoscopic abnormalities in patients with
liver cirrhosis. The most important combinations are
endoscopic findings followed by the LGV hemodynamics.
Duplex-Doppler ultrasonography has no value in the
identification of patients with cirrhosis at risk of variceal
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bleeding. Hemodynamics of the LGV appears to be
superior to those of the PV in predicting bleeding.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Esophageal variceal bleeding (EVB) is a potentially deadly
complication in patients with liver cirrhosis and portal
hypertension[1-4]. In patients with cirrhosis, the incidence of
esophageal varices ranges from 35% to 80% and approximately
a third of patients with esophageal varices experience variceal
bleeding, and up to 70% of the survivors have one or more
additional episodes of bleeding [5]. The ultrasonographic
examination is a simple, inexpensive, accurate, and noninvasive
technique. It has been widely used to investigate the relationship
between EVB and hemodynamics associated with portal
hypertension and liver cirrhosis[6-9]. However, no consistent
results have been reported yet. In this study, we investigated
the hemodynamic features of the portal vein (PV) and left
gastric vein (LGV) before and after oral glucose (75 mg),
and evaluated whether these Doppler ultrasound parameters
might predict variceal bleeding in patients with liver cirrhosis.
MA
TERIALS AND METHODS
MATERIALS
Materials
One hundred and twenty cirrhotic patients with esophageal
varices without any previous bleeding (mean age 57.6±6.8 years;
42 females and 78 males) were enrolled in the prospective
study. During a 2-year observation period, 52 patients who
had at least one episode of acute esophageal variceal hemorrhage constituted the bleeding group, and the remaining
68 patients without any previous hemorrhage constituted
the non-bleeding group. The diagnosis of cirrhosis was based
on clinical and imaging findings or pathologic findings.
The control group consisted of 30 healthy subjects,
matched to the patient group in age (mean age 53.8±6.7 years)
and gender (10 females and 20 males). None of the controls
had a history or clinical evidence of liver disease. All subjects
provided written informed consent prior to participation.
Methods
All patients underwent endoscopy before or after color
Doppler-ultrasonic examination, and images were interpreted
independently by two endoscopists. Esophageal varices were
graded according to the criteria of the Japanese Research
Society for Portal Hypertension and endoscopic finding of
PV hypertension[10] in straight and small-calibered varices
(F1), moderately enlarged beady varices (F2), or markedly
enlarged nodular or tumor-shaped varices (F3).
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Ultrasonographic examinations were performed using
HDI5000 and HPsono4500 color Doppler units with a
3.75-MHz convex probe. All the patients and controls were
kept fasting overnight prior to the procedure. They were
examined in the supine position during quiet respiration.
Measurements of diameter, flow direction and flow velocity
in the LGV and PV were done in all patients and controls.
The PV blood flow was measured at the crossing point with
the hepatic artery or just distally to it. The LGV usually
originates from the portal-splenic vein junction or its vicinity
and runs to the esophagogastric junction. It was identified
longitudinally by ultrasonography in a left oblique scan in
the epigastrium. Blood flow measurement was made in the
straight portion of the LGV, usually within 5 cm from its
origin[11,12]. The diameters of the LGV and PV were calculated
from the inner surface within the vessel as seen in a longitudinal
view. The sample volume was selected from 2 to 5 mm widths
to include the width of the vessel. Flow direction was
assessed according to the upward or downward position of
the Doppler waveform over the baseline. The beam-vessel
angle was less than 60° in every patient. Flow velocity was
calculated as an average value of three consecutive measurements. The operator was blind to any information on the
endoscopic findings of varices and the portal pressure.
After baseline measurements, 30 min after oral administration of 75 g glucose in 225 mL, changes of the diameter,
flow velocity and direction in the PV and LGV were examined
in 60 patients with esophageal varices and 15 healthy controls.
Statistical analysis
Student’s t-test was used for single comparison, one-way
analysis of variance for multiple comparisons. A P-value
less than 0.05 was considered statistically significant. Statistical
analyses were performed with the SPSS 10.0 software program.

RESUL
TS
RESULTS
The PV and LGV were detected successfully in 115 (96%)
and 105 (88%) of 120 cirrhotic patients, respectively, and
in 27 (90%) and 21 (70%) of 30 healthy volunteers,
respectively. Among the 120 cirrhotic patients, 37 had F1,
59 had F2, and 24 had F3 grade varices.
Table 1 summarizes the duplex sonography findings.
Compared with the healthy controls, cirrhotic group had a
significantly lower velocity in the PV, a significantly greater
diameter of the PV and LGV, a higher velocity in the LGV.
In the cirrhotic group, no difference in portal flow velocity
and diameter was observed between patients with or without
EVB. However, the diameter and blood flow velocity of
the LGV were significantly higher in EVB (+) group
compared with EVB (-) group (P<0.01).
Diameter of the LGV increased with enlarged size of
varices. In patients with F1, F2, and F3 varices, the diameter
was 0.48±0.16, 0.62±0.23, and 0.72±0.24 cm, respectively.
There were differences between F1 and F2, F1 and F3
varices, but no differences between F2 and F3 varices
(P = 0.125). However, variceal bleeding was more frequent
in patients with a diameter of the LGV >6 mm, suggesting
that the diameter of LGV had a relationship with the size
of esophageal varices, but had no value in the identification
of patients with cirrhosis at risk for EVB (Table 2).
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Figure 1 Relationship between hemodynamics of the LGV and the size of
esophageal varices. A: Hepatopetal blood flow in the LGV; B: hepatofugal blood

flow in the LGV; C: hepatofugal blood flow in the LGV.
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Table 1 Hemodynamics in cirrhotic and healthy groups (mean±SD)
Velocity (cm/s)

PV

LGV

PV

LGV

Controls
EVB (–)

1.12±0.11
1.48±0.15b

0.40±0.18
0.52±0.21a,b

15.3±1.41
13.7±1.54b

8.70±1.91
14.8±1.11a,b

EVB (+)

1.56±0.28b

0.71±0.34b

12.8±1.18b

16.6±2.62b

EVB, esophageal variceal bleeding; PV, portal vein; LGV, left gastric vein. aP<0.05
compared with EVB (+); bP<0.01 compared with the healthy controls.

Table 2 Hemodynamics in relation to the development of esophageal varices in cirrhotic group (mean±SD)
Varices

Diameter (cm)

25
20
15
10
5
0

F1
F2
F3
8.2±2.1 12.1±2.4 14.5±2.5

Figure 2 Hepatofugal flow velocity in LGV in relation to the size of esophageal
varices.

Velocity (cm/s)

PV

LGV

PV

LGV

F1
F2

1.47±0.19
1.51±0.18

0.48±0.16
0.62±0.23

14.2±2.15
13.1±1.81

7.80±2.15
11.5±2.03

F3

1.55±0.21

0.72±0.24

12.0±1.72

16.0±3.19

The flow velocity in LGV, in healthy controls, was
8.70±1.91 cm/s (n = 21). In patients with liver cirrhosis, it
was 10.3±2.1 cm/s (n = 12) when the flow was hepatopetal
and 13.5±2.3 cm/s (n = 87) when the flow was hepatofugal
(Figure 1). As the size of varices enlarged, hepatofugal flow
velocity increased (P<0.01) and was significantly different
between patients with F1 and F2 varices, and between
patients with F2 and F3 varices. Variceal bleeding was more
frequent in patients with a hepatofugal flow velocity >15 cm/s
(32 of 52 patients, 61.5%). Within the bleeding group, the
mean LGV blood flow velocity was 16.6±2.62 cm/s. No
correlation was observed between the portal blood flow
velocity and EVB. Hepatofugal flow velocity of the LGV
in relation to the development of esophageal varices is shown
in Figure 2.
In all healthy controls, the flow direction in the LGV
was hepatopetal, toward the PV (Figure 3). In patients with

Table 3 Flow direction in the LGV in relation to the development of
esophageal varices in cirrhotic group, n (%)
Varices

n

F1
F2
F3
Sum

31
53
21
105

Flow direction
Hepatopetal

Hepatofugal

To-and-fro

10 (32)
2 (4)
0
12 (11)

18 (58)
48 (91)
21 (100)
87 (83)

3 (10)
3 (5)
0
6 (6)

F1 varices, flow direction was hepatopetal in 10 patients,
to-and-fro state in 3 patients, and hepatofugal in the
remaining 18. The flow direction was hepatofugal in 91%
patients with F2 and all F3 varices (Table 3).
Changes in diameter of the PV and LGV were not
significant before and after ingestion of glucose (PV:
1.41±1.5 cm before and 1.46±1.6 cm after; LGV: 0.57±1.7 cm
before and 0.60±1.5 cm after). Flow direction in the LGV
was hepatopetal and to-and-fro in 16 patients and hepatofugal
in 44 patients before ingestion of glucose. Flow direction
changed to hepatofugal in 9 of 16 patients with hepatopetal
and to-and-fro blood flow after ingestion of glucose (Figure 4).
In 44 patients with hepatofugal blood flow in the LGV, a
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LGV before and after ingestion of glucose in the control
subjects.
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Figure 3 Hepatopetal blood flow in the LGV of normal subjects.

significant increase in hepatofugal flow velocity was
observed in 38 of 44 patients (86%) with esophageal
varices (Figure 5). The changes of blood flow velocity
were greater in the LGV than in the PV (LGV: 28.3±26.1%,
PV: 7.2±13.2%, P<0.01). The degree of changes in
percentages in the LGV and PV of patients with hepatofugal
flow after ingestion of glucose is shown in Figure 6. There
was a relationship between the percentage changes in flow
velocity and the size of varices. Patients who responded
excessively to food ingestion might have a high risk for
bleeding, whereas no significant changes occurred in the

A

DISCUSSION
EVB is a potentially deadly complication in patients with
liver cirrhosis and portal hypertension. Once esophageal
varices occur, the risk for EVB ranges from 10% to 60%,
and the mortality rate related to EVB ranges from 20% to
60%[1-4]. Since esophageal varices-induced hemorrhage in
patients with cirrhosis can be fatal, these patients must be
routinely classified according to their risk status and appropriate
prophylactic measures should be taken to prevent hemorrhage.
The size of esophageal varices is one of the strongest risk
factors for variceal rupture[1-5]. Differences in connecting
venous structures and their underlying hemodynamics may
be predisposing factors in the progression of esophageal
varices. The ultrasonographic examination is a simple,
inexpensive, accurate, and noninvasive technique to evaluate
the hemodynamics under physiological conditions and has
been widely used experimentally and clinically, but there is
a continuing debate concerning the hemodynamics of the
PV system in relation to the development of esophageal
varices[6-9].
The notable findings of this study are related to the
hemodynamics of the PV. Compared with the healthy
controls, cirrhotic group had a significantly lower velocity
in the PV and a significantly greater diameter of the PV.
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Figure 6 Changes in blood flow in the PV and LGV of patients with hepatofugal
blood flow before and after ingestion of glucose.

These findings indicate that the portal venous system in
cirrhotic patients with portal hypertension is the site of passive
congestion and increased blood flow. During the period of
2 years, 52 (43%) patients had at least one episode of acute
esophageal variceal hemorrhage. The portal hemodynamic
features had no differences between the EVB (+) and EVB
(-) subgroups. It is generally thought that elevated vascular
resistance and increased portal blood inflow are the two
principal mechanisms involved in the development of portal
hypertension secondary to cirrhosis[13]. The former is an
initiating factor, while the latter plays an important role in
maintaining a chronic portal hypertensive state. Therefore,
portal flow velocity is unrelated to the degree of endoscopic
abnormalities in patients with liver cirrhosis and has no value
in the identification of patients with cirrhosis at risk for
EVB. Therefore, passive congestion of portal blood has no
direct relationship with EVB.
In cirrhotic patients, because of portal outflow obstruction
(i.e., elevated intrahepatic portal vascular resistance), increased
blood flow in the splenic vein cannot enter the liver via the
PV, and a considerable percentage of splenic vein flow is
forced to bypass the liver. One of the most important shunting
routes is the LGV, which may normally arise from the PV
and splenic vein. When increased flow in the splenic vein is
prominent, the diversion of a large quantity of portal flow
via the LGV would result in more severe esophageal varices
and might trigger the occurrence of EVB[14,15].
This study showed a close relationship between the
velocity of hepatofugal flow in the LGV and esophageal
variceal size. EVB was more frequent in patients with a
hepatofugal flow velocity >15 cm/s (32 of 52 patients,
61.5%). Preservation of hepatopetal flow in the LGV in
patients with portal hypertension may be associated with a
low risk for variceal hemorrhage. Because the LGV is the
major source of blood supply to esophageal varices, velocity
of hepatofugal flow may be the more important determinant
in the development of varices. These results are similar to
those of previous studies[16-18]. Therefore, detection of a
high-flow velocity in the LGV may be suggestive of
hemodynamically active esophageal varices that carry a high
risk for bleeding.
The diameter of the LGV increased as the size of varices
enlarged, there were differences between patients with F1
and F2, F1 and F3 varices, but no differences between
patients with F2 and F3 varices, suggesting that diameter
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of the LGV has a relationship with the size of esophageal
varices, but has no value in the identification of patients
with cirrhosis at risk for EVB. The diameter of the LGV
may measure up to 6 mm on sonograms of normal subjects.
However, variceal bleeding is more frequent in patients with
a diameter of the LGV >6 mm.
It is generally thought that flow direction in the LGV
changes from hepatopetal to hepatofugal during variceal
development[17,18]. However, in our study the flow direction
in the LGV was still hepatopetal and LGV did not seem to
contribute to the formation of esophageal varices in 32%
patients with F1 varices. Blood flow in the stomach wall
from the left gastric artery also participates in variceal blood
flow[19-21]. These blood flows in the gastric wall alone possibly
contribute to the formation of esophageal varices in its
early stage, where LGV flow does not significantly constitute
to the variceal flow. In advanced portal hypertension,
esophageal varices become large as the LGV flow changes
to hepatofugal and drains into the varices. Whereas a toand-fro flow state is generally considered to be present in
the LGV during the period when the flow becomes reversed[19],
which was observed in six patients in the present study.
Other studies reported that there is a relationship between
esophageal varices and venous collaterals outside the
esophageal wall in patients with portal hypertension.
Collaterals are divided into periesophageal collateral veins
and paraesophageal collateral veins. Periesophageal collateral
veins play a more important role in the formation of esophageal
varices than paraesophageal collateral veins in the early stage
of esophageal varices[21-24].
Food intake usually increases portal blood flow. In this
study, we gave a dose of glucose and an increase of hepatofugal
blood flow velocity was observed in the LGV and PV. Also
the changes of blood flow velocity were greater in the LGV
than in the PV. Out of 44 patients with hepatofugal blood
flow in the LGV, a significant increase in hepatofugal flow
velocity was observed in 38 patients (86%) with esophageal
varices. There was a relationship between the percentage
changes in flow velocity and the size of varices. Patients
who responded excessively to food ingestion might have a
high risk for bleeding. High flow resistance in a portal
hypertensive liver may exaggerate the increase in intestinal
inflow into the LGV, henceforth into the esophageal varices
under such conditions[17], because blood flow in the LGV
tends to increase readily when the portal blood flow increases
or portal flow resistance is elevated. In patients with portal
hypertension, an increase in variceal blood flow may
contribute to bleeding from esophageal varices. The analysis
of these factors influencing blood flow in esophageal varices
seems to be important to understand the pathophysiology
of variceal bleeding and helps us to estimate the risk for
variceal hemorrhage[25-28].
In conclusion, PV is unrelated to the degree of endoscopic
abnormalities in patients with liver cirrhosis and its measurement by Duplex-Doppler ultrasonography has no value
in the identification of patients with cirrhosis at risk for variceal
bleeding. Hemodynamics of the LGV appears to be superior
to those of the PV in predicting bleeding, allowing physicians
to optimize therapy[29]. Therefore, the likelihood index,
adopted to determine the best parameters related to variceal
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bleeding showed that the most important combinations are
endoscopic findings followed by the LGV hemodynamics.
17
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Abstract
AIM: In the inflammatory state, intercellular adhesion
molecule-1 (ICAM-1) and vascular cellular adhesion
molecule-1 (VCAM-1) play a key role in promoting migration
of immunological cells from the circulation to target site.
Aim of our study was to investigate soluble forms of these
molecules in patients with virus-related chronic liver
diseases, to assess their behavior in different pathologies
and correlation with severity of liver damage.
METHODS: Circulating ICAM-1 and VCAM-1 were
assayed by EIA commercial kits (R&D System Co.,
Abington, UK) in 23 patients with chronic active hepatitis
(CH), 50 subjects affected by liver cirrhosis (LC) and
15 healthy controls comparable for sex and age. In
patients, serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) were also detected
by autoanalyzer.
RESULTS: LC patients had significantly higher ICAM-1
values than CH patients (38.56±7.4 ng/mL vs 20.89±6.42
ng/mL; P<0.001) and these ones had significantly higher
values than controls (12.92±1.08 ng/mL; P<0.001). In
CH group, ICAM-1 levels were significantly related to
inflammatory activity (P = 0.041) and ALT values (r = 0.77;
P<0.05). VCAM-1 values were significantly increased only
in LC patients (P<0.001) and related to severity of liver
impairment.
CONCLUSION: These findings suggest that the
determination of serum ICAM-1 can be considered as an
additional useful marker of hepatocellular necrosis and
inflammatory activity in chronic hepatitis, while serum
VCAM-1 is an indicator of liver fibrogenesis and severity
of disease in cirrhosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
During inflammation, cytokines enhance the presentation
on cell endothelial surface of adhesion molecules, which
interact with corresponding leukocyte receptors and
promote their adhesion and migration from the circulation
to target site[1].
Intercellular adhesion molecule-1 (ICAM-1) and vascular
cellular adhesion molecule-1 (VCAM-1), are single-chain
membrane-bound glycoproteins, belonging to the
immunoglobulin supergene family. They are expressed on
endothelial and other cells and play a crucial role in the
trans-migration of inflammatory cells[2,3].
Cellular expression is associated to the release of soluble
forms (sICAM-1 and sVCAM-1) which are detectable in
the peripheral blood[4,5].
Although the biological function of these soluble
for ms are not clearly established yet, their increased
serum concentration reflects cellular overexpression in
inflammatory state[6].
In patients with inflammatory diseases of the liver,
increased sICAM-1 and sVCAM-1 values have been reported
but their clinical usefulness is still controversial[7-11].
Aim of the study was to investigate circulating ICAM-1
and VCAM-1 in patients affected by virus-related liver
diseases, namely chronic active hepatitis (CH) and liver
cirrhosis (LC), compared to healthy control subjects, to verify
whether there are differences between these two molecules
and to evaluate a possible correlation with severity of liver
damage as clinically and histologically assessed.
MA
TERIALS AND METHODS
MATERIALS
We examined three groups of subjects: 23 neodiagnosed
and untreated patients with CH, 50 patients with LC and
15 control subjects.
All groups were comparable for sex and age.
Diagnosis, in patients, was based on clinical (medical
history, physical examination), instrumental (ultrasonography,
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In patients, alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) were also detected by
autoanalyzer.
Analysis of variance and Kruskall-Wallis test were used
to compare mean±SD between various groups. Relationship
between continuous variables was investigated by correlation
test. Statistical significance was set at P<0.05.

RESUL
TS
RESULTS
Mean±SD. ICAM-1 was 12.92±1.08 ng/mL in controls,
20.89±6.42 ng/mL in CAH patients and 38.56±7.4 ng/mL
in LC patients.
Mean±SD. VCAM-1 was 15.96±4.02 ng/mL in controls,
17.96±8.43 ng/mL in CH patients and 42.29±5.76 ng/mL
in LC patients, respectively.
Mean±SD. AST was 73.9±9 U/L in CH patients and
62.7±8.5 U/L in LC subjects.
ALT values averaged 84±12 U/L in CH subjects and
58±7.2 U/L in cirrhotic patients.
Statistical analysis showed that LC patients had significantly
higher ICAM-1 values than CH patients (P<0.001) and these
ones had significantly higher values (P<0.001) than controls
(Figure 1). Among CH patients, a significant difference in
serum was found between ICAM-1 with score 1-8 and those
with score 9-18 (18.1±4.9 ng/mL vs 23.5±6.9 ng/mL,
respectively; P = 0.041).
VCAM-1 values were significantly higher in LC patients
than in CH subjects (P<0.001) and controls (P = 0.000).
There was no significant difference (P>0.05) in VCAM-1
values between controls and CH patients and among
these ones with regard to grading score (17.41±8.3 ng/mL
vs 18.13±8.2 ng/mL; P>0.05).
With regard to Child–Pugh classification, in cirrhotic
patients there was no difference in ICAM-1 levels (P>0.05)
between class B (37.7±6.1 ng/mL) and class C (40.2±4.3
ng/mL) subjects; circulating VCAM-1 was significantly
higher (P = 0.005) in class C (43.6±4.1 ng/mL) than in
class B (40.5±3.1 ng/mL) patients.
Correlation test showed a significant relationship (r = 0.77;
P<0.001) between ICAM-1 and ALT values in CH patients
(Figure 2). No significant correlation was found between
ICAM-1 and AST values in CH patients, as well as between
VCAM-1 concentration and ALT and AST values both in
CH and in LC patients.

r = 0.77; P<0.001
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endoscopy) and laboratory (liver function tests) data. In all
patients with chronic hepatitis and in 24 cirrhotic subjects,
diagnosis was confirmed by liver biopsy (in the remaining
cirrhotic subjects the procedure was not necessary, as
diagnosis was clinically evident).
Patients with evidence of other chronic or acute infective
processes (altered white blood cells count, temperature,
urinary tract infection, spontaneous bacterial peritonitis,
airway infections) were excluded as well as those with
suspected hepatocellular carcinoma (on the basis of
ultrasonography, alpha-fetoprotein and carcinoembryonic
antigen levels performed during the screening).
In 6 out of 23 CH patients, the etiological agent was
HBV while in the remaining 17 hepatitis C virus (HCV).
Of the 50 LC subjects, 19 were infected by HBV, and 31
by HCV.
All sections from liver biopsies were examined by a
histopathologist who was unaware of the clinical details.
With regard to histological findings, all patients with chronic
hepatitis had none or mild fibrosis (staging score 0-1);
according to grading score, they were classified into two
groups: (a) 12 subjects with minimal or mild inflammatory
activity (score 1-8); (b) 11 subjects with moderate or severe
inflammatory activity (score 9-18).
As liver biopsy was not performed in all cirrhotics, we
could not grade severity of histological picture in this group.
For this reason we chose the Child-Pugh’s classification[12]
to state the seriousness of liver impairment.
Twenty-three cirrhotic patients were in class B and 27
belonged to class C.
Informed consent was obtained for the whole study series
and the study confirmed to Helsinki Declaration.
A blood sample was withdrawn, fasting in the morning,
from all subjects. Sample was centrifugated and plasma was
until determination.
stored at -20
Circulating ICAM-1 and VCAM-1 were assayed by
EIA commercial kit (R&D System Co., Abington, UK),
according to procedures described by the manufacturer and
concentrations expressed as nanogram per milliliter. The
sensitivity of sVCAM-1 assay was less than 2.0 ng/mL.
Intra- and inter-assay variability averaged 4.3% and 8.5%,
respectively. For sICAM-1 assay, the sensitivity was
<0.35 ng/mL. Intra- and inter-assay variability averaged
4.0% and 7.0%, respectively.
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Figure 1 Mean sICAM-1 values in controls, patients affected by chronic
hepatitis (CH) and cirrhotic subjects (LC).
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Main characteristics and findings of our investigated
patients are summarized in Table 1.

Table 1 Main characteristics and results of our investigated subjects

Mean age±SD
Males
Females
ALT (mean±SD)
AST (mean±SD)
ICAM-1

Controls, n = 15

CH patients, n = 23

LC patients, n = 50

57.4± 4.1 yr
8

58.2±5.1 yr
13

61.1±8.3 yr
29

7

12.92±1.08 ng/mL

(mean±SD)
VCAM-1
(mean±SD)

10
84±12 U/L

21
58±7.2 U/L

73.9±9 U/L
67.2±8.5 U/L
20.89±6.42 ng/mL 38.56±7.4 ng/mL
(score 1–8) 18.1±4.9 Child B 37.7±6.1
(score 9–18) 23.5±6.9 Child C 40.2±4.3

15.96±4.02 ng/mL

17.96±8.43 ng/mL 42.29±5.76 ng/mL
(score 1–8) 17.41±8.3 Child B 40.5±3.1
(score 9–18) 18.13±8.2 Child C 43.6±4.1

DISCUSSION
Increased serum ICAM-1 and VCAM-1 have been
previously described in patients with liver diseases, but such
increase does not seem to be able to distinguish among
various etiologies and its clinical significance is still
controversial.
Some authors reported that circulating levels of these
molecules are related to degree of inflammatory activity
and to histological score, suggesting a putative role in
monitoring the follow-up[13,14]. Others have declared that
their measurement adds little to the information provided
by traditional biochemistry[15].
Recently, it has been reported that treatment with
alpha-interferon, in chronic hepatitis, is capable to decrease
circulating ICAM-1 in responder but not in non-responder
patients, while VCAM-1 does not differentiate between these
two groups[11,16,17].
Our results show that, in patients affected by chronic
hepatitis, serum ICAM-1 is increased and mean values in
subjects with moderate or severe inflammation (score 9-18)
are significantly higher (P<0.05) than in those with minimal
or mild inflammation (score 1-8).
Conversely, in this group, serum VCAM-1 was similar
to controls and no difference was observed with regard to
inflammatory activity.
Moreover, we found a significant positive correlation
between ICAM-1 and ALT values.
Then, our findings appear in agreement with literature
data and suggest that ICAM-1, but not VCAM-1, can be
considered, in subjects with chronic hepatitis, a useful marker
to assess severity of inflammation and hepatocellular
necrosis.
Nevertheless, the relationship between ICAM-1 and
ALT values does not implicate a direct involvement of this
adhesion molecule in physiopathology of hepatocellular
damage but it could only reflect the activation of undergoing
immunological mechanisms.
Elevated serum VCAM-1 in chronic hepatitis have been
reported by some authors [16,18], but we found enhanced
levels only in cirrhosis, when fibrosis progresses to an
irreversible state.
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This discordance is likely due to the selection of patients.
Notably, our CH patients had none or mild fibrosis
(staging score 0-1). Therefore, we cannot exclude that
subjects with chronic hepatitis and more severe fibrosis have
increased sVCAM-1.
On the other hand, in cirrhotic patients, both circulating
ICAM-1 and VCAM-1 were higher than in CH patients
and controls. However, in this group, neither ICAM-1 nor
VCAM-1 values correlated to AST and ALT levels.
In advanced phases of evolving liver diseases, the
formation of fibrous tissue, stimulated by chronic inflammation,
can be predominant on cellular necrosis, leading to structural
alterations of hepatic architecture and development of
cirrhosis.
In fact, our cirrhotic patients had lower transaminases
values than subjects affected by chronic hepatitis.
In these conditions, increased ICAM-1 likely reflects
the persistence of inflammation rather than severity of
cellular necrosis. This could explain the lack of correlation
between serum ICAM-1 and transaminases values in cirrhotic
patients.
Interestingly, in our experience, no overlapping resulted
in VCAM-1 values between LC and CH patients because
the lowest value in LC group was greater than highest
value in CH group (Figure 3). Furthermore, mean serum
ICAM-1 was similar in classes B and C cirrhotic subjects
while in the last ones mean VCAM-1 value was higher
than in class B patients (43.6±4.1 ng/mL vs 40.5±3.1 ng/mL;
P = 0.005).
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Figure 3 Scatter plot of sVCAM-1 values in controls, chronic hepatitis and liver
cirrhosis.

Therefore, cirrhotic subjects with disease in a more
advanced phase, belonging to Child-Pugh class C, had a
greater VCAM-1 increase.
These findings, altogether considered, suggest the
association of VCAM-1 levels to amount of liver fibrosis
rather than to severity of inflammation and cellular necrosis.
However, the pathogenic link between VCAM-1 and
liver fibrosis remains unclear.
In the liver, the formation of fibrous tissue depends
upon the balance between matrix synthesis and its removal.
Extra-cellular matrix production and degradation is a
complex process involving cells, cytokines and proteinases.
The interaction between membrane receptors of stellate
cells (also called Ito cells) and proteins, included in the
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extra-cellular matrix, is modulated by adhesion molecules.
Such interaction determines its effects through cytoplasmic
signaling pathways which can influence collagen synthesis
and metalloprotease activity, resulting in a raised production
and/or a reduced removal of hepatic connective tissue.
Thus, a role in this process can be supposed even though,
to date, the expression of VCAM-1 on stellate cell surface
has not been demonstrated.
Alternatively, enhanced VCAM-1 values could be the
consequence of persistent activation of vascular endothelial
cells which are able to produce connective tissue growth
factor, a highly profibrogenic molecule involved in several
fibrotic disorders, including those of the liver[19].
Activated endothelial cells may also contribute, by
expressing de novo integrins in the space of Disse, to the
formation of a pathological basement membrane in the
capillarized sinusoids of cirrhotic liver[20].
Even though further investigations are required, from a
clinical overview, the serial determination of serum VCAM-1
could be useful to weigh intensity of fibrogenesis and to
identify the switch from prevalence of necro-inflammation
to prevalence of sclerofibrotic processes, marked by an
accentuated increase of values.
In conclusion, our results confirm that, in patients with
chronic virus hepatitis, serum ICAM-1 is increased and
related to severity of necro-inflammation as assessed by
biochemistry and histological score. In cirrhotic patients,
ICAM-1 is also augmented but it is not related to
transaminase values. Circulating VCAM-1 is increased in
cirrhosis and appears related to seriousness of liver impairment.
These findings suggest that serum ICAM-1 is an
additional useful marker of cytonecrotic activity in chronic
hepatitis. Serum VCAM-1 could be instead considered as a
noninvasive indicator of liver fibrosis and severity of disease
in cirrhosis.
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Abstract
AIM: To compare the causes and clinical outcome of
patients with acute upper gastrointestinal bleeding (AUGB)
and a history of gastric surgery to those with AUGB but
without a history of gastric surgery in the past.
METHODS: The causes and clinical outcome were
compared between 105 patients with AUGB and a history
of gastric surgery, and 608 patients with AUGB but without
a history of gastric surgery.
RESULTS: Patients who underwent gastric surgery in
the past were older (mean age: 68.1±11.7 years vs
62.8±17.8 years, P = 0.001), and the most common cause
of bleeding was marginal ulcer in 63 patients (60%). No
identifiable source of bleeding could be found in 22
patients (20.9%) compared to 42/608 (6.9%) in patients
without a history of gastric surgery (P = 0.003). Endoscopic
hemostasis was permanently successful in 26 out of 35
patients (74.3%) with peptic ulcers and active bleeding
or non-bleeding visible vessel. Nine patients (8.6%) were
operated due to continuing or recurrent bleeding,
compared to 23/608 (3.8%) in the group of patients without
gastric surgery in the past (P = 0.028). Especially in peptic
ulcer bleeding patients, emergency surgery was more
common in the group of patients with gastric surgery in
the past [9/73 (12.3%) vs 19/360 (5.3%), P = 0.025].
Moreover surgically treated patients in the past required
more blood transfusion (3.3±4.0 vs 1.5±1.7, P = 0.0001)
and longer hospitalization time (8.6±4.0 vs 6.9±4.9 d,
P = 0.001) than patients without a history of gastric
surgery. Mortality was not different between the two
groups [4/105 (3.8%) vs 19/608 (3.1%)].
CONCLUSION: Upper gastrointestinal bleeding seems
to be more severe in surgically treated patients than in
non-operated patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Surgical management of peptic ulcer diseases has steadily
decreased over the past 20 years. Several therapeutic
improvements, such as the widespread use of acid
suppressive drugs and the eradication of Helicobacter pylori,
are responsible for this decrease[1-3]. Upper gastrointestinal
bleeding, however, remains a common emergency situation
presenting a high rate of morbidity and mortality[4-6]. This,
despite the introduction and wide application of endoscopic
hemostasis, has significantly reduced the need for emergency
surgical hemostasis and improved the mortality and
morbidity in these patients[7-11]. High or subtotal gastrectomy
and antrectomy supplemented with vagotomy have been
successfully applied in the past to the treatment of bleeding
peptic ulcer. Anastomotic ulcer is a post-gastrectomy
complication and bleeding of such an ulcer is a particularly
frightening complication. Several factors mainly related to
surgical inadequacies or uncommonly to the presence of
ectopic hormone-producing tumors, are associated with the
formation of an anastomotic ulcer after gastric surgery[12,13].
Few reports are available on the role of endoscopic
hemostasis in active ulcer bleeding.
The purpose of this study was to compare the outcome
between patients with a history of gastric surgery and active
bleeding anastomotic ulcers and those with active upper
gastrointestinal bleeding but without gastric surgery in the past.
MA
TERIALS AND METHODS
MATERIALS
During the last 5 years, 105 patients with a history of gastric
surgery and active upper gastrointestinal bleeding (AUGB)
were admitted to our hospital. The outcome of this group
of patients was compared to 608 patients with AUGB but
without a history of gastric surgery. No patient was excluded
because of age or concurrent diseases. Patients presented
with hematemesis and/or melena, as well other clinical or
laboratory evidence of acute blood loss, and those with
iron deficiency anemia and history of gastric surgery who
reported melena and/or hematemesis were included in this
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study. All patients underwent emergency endoscopy either
during the first 24 h after admission or immediately after
resuscitation in case of massive bleeding. Three senior
gastroenterologists performed all endoscopic examinations.
Pre-medication included local pharyngeal anesthesia with
xylocaine spray. Stigmata of active or recent bleeding were
classified according to the Forrest classification[14]: Forrest
Ia: active spurting bleeding; Ib: active oozing bleeding; IIa:
non-bleeding visible vessel (NBVV); IIb: adherent clot; and
IIc: spots. A NBVV was defined as a raised, red spot resistant
to washing. Endoscopic injection hemostasis with adrenaline
diluted at 1:10 000 in 0.9% saline (A/S) and/or end or
clips were performed on all patients with active spurting or
oozing bleeding or NBVV.
Endoscopic A/S hemostatic injections were performed
via the working channel of an endoscope using a disposable
injector. The injections were administered into the ulcer
base in a circumferential fashion as close as possible to the
visible vessel. As a routine, a total of 15 mL was injected,
approaching to 30 mL was injected when control of bleeding
was not easily achieved. Marginal ulcer was defined as the
recurrent ulceration at or around the gastro-jejunal stoma
or within the afferent or efferent loop.
After endoscopic hemostasis, patients were carefully
observed and managed by the same medical team of
gastroenterologists and surgeons. Blood pressure and pulse
rate were checked before endoscopy, during and after
injection therapy. After hemostasis, all patients with peptic
ulcer bleeding routinely received intravenously the standard
doses of proton pump inhibitors (omeprazole 40 mg/d).
Blood transfusion was given, if Hb was less than 100 g/L
and if there were signs of ongoing bleeding. After early
stabilization of the patients, recurrence of bleeding was
considered when vomiting of fresh blood and signs of
massive melena were found in conjunction with either shock
or decrease in hemoglobin concentration by at least 20 g/L
over a 24-h period. In case of re-bleeding, endoscopy was
repeated and in most cases, a second endoscopic hemostasis
either by A/S injection, or by placement of endoclips was
carried out. Although the criteria for emergency surgical
hemostasis were individualized, in most cases patients
received emergency surgery when bleeding was not controlled
after endoscopic hemostasis and transfusion of more than
5 U of blood over a 24-h period or 12 U over 48 h, and when
intra-hospital re-bleeding occurred while on sufficient
medical treatment with hemodynamic evidence of shock
(systolic pressure <100 mmHg, pulse rate >100/min).
After discharge, all patients were routinely followed up.
A second endoscopy with biopsies was performed after
4-6 wk and if the ulcer was completely healed, a third
endoscopy was performed after 1 year.
The patient’s age, sex, type of gastric operation, previous
consumption of non-steroidal anti-inflammatory drugs
(NSAIDs), clinical presentation, initial hemodynamic status,
hemoglobin at admission, endoscopic findings, number of
blood transfusions, days of hospital stay and clinical outcome
were also analyzed.
Differences between groups were tested for significance.
Continuous variables were expressed as mean±SD and
compared using Student’s t test. Categorical variables were

4571

expressed as percentages and compared using χ2 test. A
P value less than 0.05 was considered statistically significant.
Statistical analysis was performed using SPSS version 10.0
for Windows.

RESUL
TS
RESULTS
A total of 105 patients (96 men and 9 women, mean age
68.1±11.7 years) with a history of gastric surgery were
admitted to our hospital due to AUGB. The investigated
parameters in this patient group were compared to those in
the well-matching group of patients with AUGB but without
gastric surgery in the past and the cause of bleeding was
due to a benign peptic ulcer. Table 1 provides an overview
of the clinical characteristics and emergency endoscopic
findings in both patient groups. A marginal ulcer with
endoscopic stigmata of hemorrhage was identified in 63
patients (60%) in the first group. Endoscopy failed to show
any source of bleeding in 22 patients (21%) and none of
these patients received a new surgical intervention for severe
bleeding. Spurting bleeding was identified in 10 (13.7%),
oozing bleeding in 7 (9.6%) and NBVV in 18 (24.6%)
patients (Table 2). Endoscopic hemostasis was permanently
successful in 26 out of 35 (74.3%) patients. Twelve patients
underwent a second endoscopic hemostasis with injection
of A/S and/or endoclips because of re-bleeding while four
patients with re-bleeding did not undergo second endoscopic
injection therapy or any other hemostatic treatment.
Emergency surgical hemostasis for persistent or recurrent
bleeding was required in 9 out of 105 patients (8.6%) and
in 9 out of 73 patients (12.3%) with peptic ulcer bleeding
(Table 3). Four patients died (3.8%), two of them died after
surgery with a post-surgical mortality of 22.9%. Causes of
death were respiratory failure (n = 2, one of them
preoperatively), cerebral ischemia (n = 1, the patient died
post-operatively) and hemorrhagic shock (n = 1, the patient
died pre-operatively).
Table 1 Characteristics of patients recruited in the study

Age (yr)
Sex: men/women
NSAIDs
Ht at admission (%)
Gastric ulcers
Duodenal ulcers
Marginal ulcers
Dieulafoy’s ulcers
Varices
Mallory-Weiss
Esophagitis
Gastric cancer
Erosions
None
Other
Non-cooperative

Gastric surgery
in the past n = 105
group A, n (%)

No surgery
in the past n = 608
group B, n (%)

68.1±11.7
96/9
41/105
27.9±6.5
0
9 (8.6)
63 (60)
1 (1)
1 (1)
1 (1)
1 (1)
3 (2.9)
1 (1)
22 (20.9)
1 (2)
1 (1)

62.8±17.8
470/138
398/608
26.9±7.8
141 (23.1)
215 (35.3)
0
4 (0.7)
83 (13.7)
31 (5.1)
8 (1.3)
18 (2.9)
46 (7.5)
42 (6.9)
5 (0.8)
15 (2.5)

P

0.001
0.0009
<0.0001
NS
0.00019
NS

NS
0.0003

When the results of patients with a history of gastric
surgery were compared with those patients who had no
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gastric surgery, there was a statistically significant difference
in age, consumption of NSAIDs, number of blood
transfusions, length of hospital stay, percentage of patients
with spurting bleeding and need for surgical intervention
(Tables 1-3). In the control group, endoscopy failed to show
any source of bleeding in 42 (6.9%) patients (P = 0.0003).
Similarly in the control group, the re-bleeding/continued
bleeding rate and the mortality rate did not differ statistically
from the patients who had gastric surgery in the past.
Nineteen patients in the control group (3.1%) died after
surgery.
Table 2 Endoscopic stigmata of the patients with bleeding peptic
ulcers
Patients with gastric
surgery in the past
and benign ulcers
n = 73/105, n (%)

Patients without
surgery in the past
and benign ulcers
n = 360/608, n (%)

P

Forrest Ia
Forrest Ib

10 (13.7)
7 (9.6)

30 (8.3)
32 (8.8)

NS
NS

Forrest IIa
Forrest IIb

18 (24.6)
8 (11.0)

63 (18.6)
38 (10.5)

NS
NS

Forrest IIc
Forrest III

3 (4.1)
27 (36.9)

41 (11.3)
152 (42.2)

NS
NS

Table 3 Outcome of patients recruited in the study
Patients with
Patients without
surgery in the past surgery in the past
total n = 105
total n = 608
benign ulcers
benign ulcers
n = 73
n = 360
Blood transfusions
Hospital d
Re-bleeding
Emergency surgery (overall), n (%)
Emergency surgery, n (%)

3.3±4.0
8.57±4

P

1.5±1.7

0.0001

6.86±4.75

0.001

13/105

66/608

9/105 (8.6)

23/608 (3.8)

0.028

19/360 (5.3)

0.025

9/73 (12.3)

NS

(peptic ulcers)
Duodenal ulcers

1

Gastric ulcers

–

7

Marginal ulcers

7

–

Dieulafoy’s ulcers
Mortality (overall), n (%)
Post-surgical mortality, n (%)

11

1

1

4/105 (3.8)

19/608 (3.1)

NS

6/23 (26)

NS

2/9 (22.2)

DISCUSSION
Gastric surgery has been successfully used in the treatment
of peptic ulcer disease; however, the potential complications
after gastric surgery are numerous[15,16]. Ulcer recurrence
rate after surgery for peptic ulcer diseases varies according
to the nature of the procedure, pathophysiology of the
underlying disease, and operator’s skill. One of the major
complications is bleeding from marginal ulcers [17,18] .
Recurrent ulcers after Billroth II gastrectomy may result in
retained antral mucosa in the closed duodenal stump, which
can be a source of hypergastrinemia. In patients after
vagotomy and pyloroplasty, a recurrent ulcer may be due
to an incomplete vagotomy[19-25].
In this study, recurrent ulcers were found in 70% of
patients with AUGB after gastric surgery. Marginal ulcer
was detected in 63% of patients, while recurrent duodenal
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ulcer was found in 8.6%. All patients with recurrent duodenal
ulcers underwent pyloroplasty and elective vagotomy. Two
patients in the group had Dieulafoy’s ulcer. The majority
were male and elderly patients. It is well known that patients
after partial gastrectomy are at high risk of developing
adenocarcinoma[26,27]. In our study, three patients (2.9%) after
Billroth II gastrectomy were proved to have adenocarcinoma
in the anastomotic area. In patients who had gastric surgery
in the past, diagnostic failure at emergency endoscopy for
AUGB occurred in 22 patients (21%), and 18 of them
underwent a new endoscopy check after 24 h, though it
failed to detect any lesions. These patients were admitted
because of iron deficiency anemia and reported melena
and/or hematemesis. None needed emergency surgical
intervention. An explanation for this high incidence of
missed lesions at the emergency endoscopy stage is that the
presumed lesions are superficial and they heal quickly.
Anemia is a sequel of gastrectomy. AUGB was not found
in 42 (6.9%) of the control group of patients. According to
Cheng et al.[27], peptic ulcers including marginal ulcer and
Dieulafoy’s lesions are the major missed diagnosis during
AUGB. Limited endoscopic vision due to excessive blood
and clots is a well-known problem which results in inadequate
examination during AUGB.
When the two groups of patients were compared, the
upper gastrointestinal bleeding seemed to be more severe
in patients with a history of gastric surgery. The need for
new surgical intervention was greater in this group. This
may be due to the differences in blood supply in the
anastomotic area. The marginal ulcer receives blood from
the jejunal branches of the superior mesenteric artery or
gastric branches of the celiac artery[28]. In this study, the
presence of a spurting artery was noted more in patients
who had gastric surgery in the past. Similarly, the successful
rate of endoscopic intervention was higher in the control
group. In a previous study, we also found that an anastomotic
ulcer is a factor associated with failure of endoscopic
injection hemostasis in bleeding peptic ulcers[29]. A new
surgical intervention was required in 8.6% of patients after
gastric surgery, compared to 3.8% of patients in the control
group who underwent surgical hemostasis. Seven of the
nine operated ulcers in the gastric surgery group were
marginal ulcers and located mostly at the saddle area of the
jejunal loop. The angulation phenomenon characterizing the
saddle area makes it a weak point during food impulsion.
Furthermore, it also receives the least supply of blood[28].
Whether blood supply or other aggressive factors attribute
to the development of resistant bleeding marginal ulcers
needs to be confirmed. The mortality rate (overall and postsurgery) was the same in the two groups.
In conclusion, upper gastrointestinal bleeding in
surgically treated patients seems to be more severe than
that in non-operated patients. New surgical intervention is
a significant challenge, not only because of the technical
difficulties of a further operation, but also because of the
requirement of a more radical procedure. More studies
are required to confirm our findings.
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copies/mL after OLT except for one with 5.72×106 copies/mL
4 wk after OLT who was diagnosed as HBV recurrence.
The levels of INF-γ and TNF-α were lower in patients with
a high HBV load than in those with a low HBV load (HBV DNA
detected/undetected in PBMCs: IFN-γ 138.08±72.44 ng/L
vs 164.24±72.07 ng/L, t = 1.065, P = 0.297>0.05, TNF-α
80.75±47.30 ng/L vs 74.10±49.70 ng/L, t = 0.407, P = 0.686>
0.05; HBV DNA positive/negative: IFN-γ 136.77±70.04 ng/L
vs 175.27±71.50 ng/L, t = 1.702, P = 0.097>0.05; TNF-α
75.37±43.02 ng/L vs 81.53±52.46 ng/L, t = 0.402,
P = 0.690>0.05).
CONCLUSION: The yielding of INF-γ and TNF-α from
PBMCs is inhibited significantly by immunosuppressive
agents following OLT with HBV load increased, indicating
that the impaired immunity of host is associated with HBV
recurrence after OLT.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: To study the association between host immunity and
hepatitis B virus (HBV) recurrence after liver transplantation.
METHODS: Peripheral blood mononuclear cells (PBMC)
were isolated from 40 patients with hepatitis B and
underwent orthotopic liver transplantation (OLT) before
and 2, 4, 8 wk after surgery. After being cultured in vitro for
72 h, the levels of INF-γ and TNF-α in culture supernatants
were detected with ELISA. At the same time, the quantities
of HBV DNA in serum and PBMCs were measured by real
time PCR.
RESULTS: The levels of INF-γ and TNF-α in PBMC culture
supernatants decreased before and 2, 4 wk after surgery
in turns (INF-γ 155.52±72.32 ng/L vs 14.76±9.88 ng/L vs
13.22±10.35 ng/L, F = 6.946, P = 0.027<0.05; TNF-α
80.839±46.75 ng/L vs 18.59±17.29 ng/L vs 9.758±7.96 ng/L,
F = 22.61, P = 0.0001<0.05). The levels of INF-γ and
TNF-α were higher in groups with phytohemagglutinin
(PHA) than in those without PHA before surgery. However,
the difference disappeared following OLT. Furthermore,
INF-γ and TNF-α could not be detected in most patients
at wk 4 and none at wk 8 after OLT. The HBV detection
rate and virus load in PBMC before and 2, 4 wk after surgery
were fluctuated (HBV detected rate: 51.4%, 13.3%, 50%
respectively; HBV DNA: 3.55±0.674 log(10) copies/mL vs
3.00±0.329 log(10) copies/mL vs 4.608±1.344 log(10)
copies/mL, F = 7.582, P = 0.002<0.05). HBV DNA in serum
was 4.48±1.463 log(10) copies/mL before surgery and <103
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INTRODUCTION
Liver transplantation is the most effective therapy for endstage liver diseases. The recurrence of primary diseases
becomes the main problem, which impedes the long-term
survival rate of patients undergoing liver transplantation
despite the improvements of surgery and the perioperative
management. Chronic hepatitis B virus (HBV) infection is
one of the most common diseases leading to a high morbidity
and mortality in Asians. In China, there are more than 30
million people suffering from HBV infection. Despite antiHBs immunoglobulin therapy, HBV infection recurs in a
high proportion of patients with HBsAg positive and serum
HBV DNA-negative, chronic liver disease after liver
transplantation. Therefore, the recurrence of hepatitis B is
the critical issue of liver transplantation in China[1]. It was
reported that host immunity is closely related with the
prognosis of chronic and acute hepatitis B. Few HBV-specific
T cells have been found in peripheral blood mononuclear
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cells (PBMCs) of patients with chronic hepatitis B.
Lymphocytes are infected with HBV[2]. However, little is
known about the immune condition of HBV-infected
patients after orthotopic liver transplantation (OLT). After
OLT, the HBV load decreases immediately and dramatically,
but HBV hiding in extrahepatic tissues especially in PBMCs
can infect the graft again[3,4]. Since the function of PBMCs
is an important indication of the host immunity status[5], we
investigated the function of PBMCs in producing INF-γ
and TNF-α, and the association between host immunity
and HBV recurrence after liver transplantation.

MA
TERIALS AND METHODS
MATERIALS
Patients
A total of 40 patients with hepatic cirrhosis and hepatocellular
carcinoma (HCC) who underwent liver transplantation at
Sun-Yat Sen University, Guangzhou, from November 2003
to April 2004 were enrolled. Blood samples were obtained
one day before and 2, 4 and 8 wk after surgery.
Immunosuppression consisted of tacrolimus-based/
cyclosporin-based dual therapy with prednisolone. The doses
were adjusted to maintain desired blood levels (5-15 µg/L
tacrolimus, 100-250 µg/L cyclosporin) for the 1st year.
Prednisolone was commenced at a daily dose of 60 mg,
reduced by 8 mg every 4 d after the 2nd wk, and withdrawn
completely at a median of 3 mo. mAbs were used for patients
whose ascites >3 000 mL or serum Cr >132.6 µmol/L or
were used for those infected with bacteria within 2 wk before
surgery. The protocol for prevention of HBV recurrence
after liver transplantation was as follows: intra-operative
administration of 400 IU hepatitis B immunoglobulin
intramuscular injection during the an-hepatic phase, followed
by 400 IU intramuscular injection for the first 14 postoperative
days, then 400 IU every other day for 2 wk, followed by
400 IU once a week. Immunoprophylaxis was continued
indefinitely with monthly administration of 400 IU of HBIg
by intramuscular injection. All patients received HBIg and
lamivudine (100 mg/d) immu-noprophylaxis. HBV recurrence
following liver transplantation was defined as the reappearance
of HBsAg-HBV DNA in serum and/or positive staining
for HBsAg on liver biopsy.
Isolation and culture of PBMCs
PBMCs isolated from heparinized venous blood by gradient
centrifugation using Ficoll-Hypaque (Shenggong, Ltd,
Shanghai, China) were suspended in RPMI-1640 supplemented
with 10% heat-inactivated fetal calf serum (RPMI-1640/10%
FCS) and penicillin-streptomycin (Sigma). A total of 2×106
PBMC were added to each well (48-well plates, Invitrogen,
Carlsbad, CA, USA) for stimulation with or without 2 pg/L
of phytohemagglutinin (PHA-P, Atlanta, GA, USA) at 37
for 72 h. All supernatants were collected and stored at -20
until use.
Measurement of cytokine concentration by ELISA
Immunoreactive IFN-γ and TNF-α levels in PBMCs were
quantified with human IFN-γ and TNF-α ELISA kits (UCyTech, Dutch). Optical density was measured at 450 nm
with a Bio-Rad 550 microplate reader (Bio-Rad Laboratories
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Inc., Hercules, CA, USA). The cytokine concentration was
estimated from the standard curve generated by a curvefitting program. The minimum detectable IFN-γ and TNF-α
concentration was 5.0 ng/L.
Quantification of HBV DNA using real-time PCR
HBV DNA was extracted from 200 µL of patient’s sera
according to the manufacturer’s instructions. For total HBV
quantification, PCR amplification was performed with a
HBV DNA diagnostic kit (DaAn Gene Diagnostic Center,
China) using ABI 7000HT sequence detection system. The
PCR program consisted of an initial denaturation at 95
for 10 min, followed by 40 amplification cycles at 95
for 15 s and at 61.5
for 1 min.
Statistical analysis
All the data were analyzed with SPSS statistics software
version 10.0. Repeated measures analysis of variance was
used to measure IFN-γ and TNF-α levels at different time
points. Independent sample t test was used to assess the
differences between groups of various HBV load. P<0.05
was considered statistically significant.

RESUL
TS
RESULTS
Demographic data of patients before surgery
The mean age of patients was 49.65±9.06 years, the male
and female ratio was 36:4, the positive and negative HBeAg
ratio was 10:30, HBV DNA >1 000/<1 000 copies/mL
was 21/19, Child-Pugh grade of hepatic function (A/B/C)
was 12/11/27.
Kinetics of IFN-γ and TNF-α level in culture supernatants of
PBMCs
The levels of INF-γ and TNF-α in PBMC culture supernatants
decreased before and 2, 4 wk after operation in turn (INF-γ:
155.52±72.32 ng/L vs 14.76±9.88 ng/L vs 13.22±10.35 ng/L,
P<0.05; TNF-α: 80.839±46.75 ng/L vs 18.59±17.29 ng/L
vs 9.758±7.96 ng/L, P<0.05; Tables 1 and 2). The levels
of INF-γ and TNF-α were higher in groups with PHA
than in those without PHA. However, the difference
disappeared following OLT. Furthermore, INF-γ and TNF-α
could not be determined in most patients at wk 4 and none
at wk 8 after OLT.
HBV DNA in serum before and after surgery
The level of HBV DNA was more than 103 copies/mL
(2.75×10 3-6.95×10 7 copies/mL) in 52.5% (21/40) of
patients before surgery. Almost all patients had an
undetectable HBV DNA level (<103 copies/mL), except
for one patient who had a detectable HBV DNA level at
wk 4 after surgery (5.72×106 copies/mL). Recurrence of
hepatitis B was confirmed by an immunohistochemistry of
liver biopsy in this patient.
HBV DNA in PBMCs
The HBV detectable rate and HBV DNA load in PBMCs before
and 2, 4 wk after surgery fluctuated (HBV detectable rate:
51.4%, 13.3%, 50% respectively; HBV DNA: 3.55±0.674
vs 3.00±0.329 vs 4.608±1.344, F = 7.582, P = 0.002).
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Table 1 IFN-γ levels in PBMC culture supernatants at different time points
Source

DF

SS

MS

F

P

Factor (pre-/2 wk/4 wk)

2

28 770.02

14 385.01

6.946

0.027

Factor treat

2

27 072.82

13 536.409

6.536

0.031

Error

6

12 425.41

2 070.902

Treat (PHA+/–)

1

26 999.63

26 999.63

10.269

0.049

Partly factor

1

13 665.74

13 665.74

5.169

0.107

Table 2 TNF-α levels in PBMC culture supernatants at different time points
Source

DF

SS

MS

F

P

Factor (pre-/2 wk/4 wk)

1.233

32 186.69

26 113.60

22.612

0.0001

Factor treat

1.233

3 330.98

2 702.48

2.340

0.1350

38

27 045.63

1 154.87

Error
Treat (PHA+/–)

1

Partly factor

1

2 363.206
62 804.36

2 363.21

3.192

0.0900

62 804.36

84.833

0.0001

Table 3 HBV DNA in serum and PBMCs (mean±SD)

HBV DNA in PBMCs
HBV DNA in serum (copies/mL)

IFN-γ (ng/L)

t

P

Detected

138.08±72.44

1.065

0.297

Undetected

164.24±72.07

>1 000

136.77±70.04

<1 000

175.27±71.50

Effect of HBV DNA on IFN-γ and TNF-α level and PBMC culture
supernatants
According to the HBV DNA level in serum and PBMCs
before surgery, patients were divided into four groups. HBV
DNA was >1 000 and <1 000 copies/mL in two groups
respectively. HBV DNA was detected and undetected in
the other two groups. Comparing the IFN-γ and TNF-α
levels in various groups, we found that the HBV DNA
level was higher, the cytokine level was lower (Table 3).

DISCUSSION
Several studies showed that the following factors influence
the HBV recurrence after OLT [6-11]: the HBV infection
before surgery, the administration of immunosuppressive
agents, the HBV level in extrahepatic tissues and the
genotype of HBV. It is generally accepted that patients with
active replication of HBV before the surgery and on high
dose immunosuppressive agents are easier to be reinfected.
In addition, the infection of PBMC might lead to the
selection of HBV variants which contribute to immunologic
escaping [4]. Previous studies showed that the pattern of
cytokines produced by circulating PBMCs from patients
underwent OLT would determine the immunologic state
of transplanted allograft [12]. However, the function of
PBMCs of HBV-infected patients who underwent OLT is
still unclear.
Cytokines play an important role in antiviral immunity.
After infecting the host cells, HBV is eliminated by the host
immune system through two pathways [13,14]. One is the
cytolytic pathway characterized by activated HBV-specific
T cells, mediating the effect of cellular cytotoxicity and
lysis of HBV-infected cells. The other is mediated by

TNF-α (ng/L)

t

P

80.75±47.30

0.407

0.686

0.402

0.690

74.10±49.70
1.702

0.097

75.37±43.02
81.53±52.46

cytokines, especially by IFN-γ and TNF-α, which depress
the replication and expression of HBV, degrade HBV[15-17].
Recently, evidence supports that the non-cytolytic immunemediated pathway is the principal way to eliminate viruses.
Since the function of PBMCs reflects the host immunity
to HBV[18], it is useful to evaluate the graft immunity state
and the change of host anti-viral immunity through
monitoring the function of PBMCs in producing INF-γ
and TNF-α post OLT.
In our study, the levels of IFN-γ and TNF-α in PBMCs
culture supernatants decreased dramatically post operation,
consistent with literature reports, 50% cytokine reduction
under clinical dose of CsA and FK506[19]. Other reports
showed that the TNF-α plasma level increased in the 1st wk
post OLT[20]. However, we did not detect the cytokine plasma
concentrations. Since liver transplantation may lead to
changes in the metabolic activity of neutrophils, it is
necessary to perform further detailed study about IFN-γ
and TNF-α plasma levels.
We also found that there were no differences between
the groups with and without PHA, suggesting that PBMCs
do not respond to the stimulation of PHA. On the contrary,
in Chen’s study[12], the increased IFN-α mRNA expression
after stimulated by PHA was reported. TNF-α expression
induced by PHA in PBMC was higher in patients with an
acute rejection episode. There are several underlined reasons
that contributed to the difference between the two studies:
first, the patients enrolled in Chen’s study had previous rejection
episodes, while in our study none had rejection. Second, in
China, most patients who underwent OLT had serious
complications and the human mAb of Tac was given to
inhibit and then impair the function of T cells completely.
Third, FK506 is preferred in our immunosuppressive
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protocol. Sakuma et al.[21], found that compared with CsA
and DEX, FK506 may be most effective in specifically
preventing T cell activation mediated inflammatory cytokine
production in a clinic setting. We are not clear which
immunosuppressive agents were favored in Chen’s study.
The present study showed no differences between the
groups with and without PHA. It may be because the multiimmunosuppressive agents downregulated the receptors on
T cells and fewer signals were transmitted into the cells.
However, the function of T cells was partially suppressed
in this period and produced cytokines. In clinic, acute
rejection occurs within 1 mo and more frequently within
2 wk after surgery [22], indicating that the cell-mediated
immunity is partially depressed during this period. At the
same time, HBV DNA in PBMCs decreases, suggesting
that it was a relatively safe period to avoid HBV reinfection.
Four weeks following surgery, cytokines in culture supernatants
cannot be detected in most patients. This may be explained
by the following reasons. Firstly, immunosuppressive agents
block the activation and proliferation of T cell and the
production of cytokines are suppressed. Secondly, these
patients are at high risk before surgery and human monoclonal
antibody of Tac is given during and 2, 5 d after surgery.
Thirdly, lymphocytes die following activation. Therefore, the
suppression of T cells is reinforced. In our study, one case
of hepatitis B recurrence was found 4 wk after surgery. We
suggested that the following reasons contributed. The
anti-virus capability was the lowest at this time, the HBV
replication was accelerated and the host immunity of
anti-virus was impaired. Eight weeks following OLT, no
cytokines could be detected in PBMC culture supernatants,
indicating that the function of lymphocytes is depressed
completely. At the same time, the detectable rate of HBV
DNA in PBMCs increased, and the virus load in PBMCs
was near to that before surgery.
The HBV DNA level in serum affects the cytokine level
in PBMCs. Higher HBV DNA would inhibit the production
of IFN-γ induced by IL-12 in chronic hepatitis B patients[23].
The reduction of virus load and antigen would repair the
response function of cytotoxic T lymphocytes[24,25]. We also
found that the IFN-γ and TNF-α level would likely decrease
when HBV DNA level increased.
In conclusion, the yielding of INF-γ and TNF-α from
PBMCs is inhibited significantly by immunosuppressive
agents following OLT with HBV load increased, indicating
that the impaired immunity of host is associated with HBV
recurrence after OLT.
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Abstract
AIM: To investigate the effects of garlicin on apoptosis
and expression of bcl-2 and bax in lymphocytes in rat model
of ulcerative colitis (UC).
METHODS: Healthy adult Sprague-Dawley rats of both
sexes, weighing 180±30 g, were employed in the present
study. The rat model of UC was induced by 2,4,6-trinitrobenzene sulfonic acid (TNBS) enema. The experimental
animals were randomly divided into garlicin treatment
group (including high and low concentration), model
control group, and normal control group. Rats in garlicin
treatment group and model control group received
intracolic garlicin daily at doses of 10.0 and 30.0 mg/kg
and equal amount of saline respectively 24 h after colitis
model was induced by alcohol and TNBS co-enema. Rats
in normal control group received neither alcohol nor only
TNBS but only saline enema in this study. On the 28th d of
the experiment, rats were executed, the expression of
bcl-2 and bax protein was determined immunohistochemically
and the apoptotic cells were detected by the terminal
deoxynucleotidyl transferase-mediated deoxyuridine
triphosphate fluorescence nick end labeling (TUNEL)
method. At the same time, the rat colon mucosal damage
index (CMDI) was calculated.
RESULTS: In garlicin treatment group, the positive
expression of bcl-2 in lymphocytes decreased and the
number of apoptotic cells was more than that in model
control group, CMDI was lower than that in model control
group. The positive expression of bax in lymphocytes had
no significant difference.
CONCLUSION: Garlicin can protect colonic mucosa
against damage in rat model of UC induced by TNBS
enema.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ulcerative colitis (UC), one of the chronic nonspecific
inflammation diseases of the intestine, is related to infection,
heredity, and immunologic inadequacy. In recent years,
studies have shown that apoptosis plays an important role
in the pathogenesis of UC[1-3]. Apoptosis of enterocytes and
lymphocytes are the main reasons for UC and inflammation[4,5].
Apoptosis of lymphocytes is closely related with UC[6-8].
Garlicin is a kind of chemical compound extracted from garlic
corn. It has many biological activities against inflammation,
fungi, anti-oxidant, and tumor, etc. [9-11]. Therefore, we
performed this study to observe the effects of garlicin on
expression of bcl-2 and bax protein in rats with UC and its
possible mechanism against the damage to colonic mucosa.
MA
TERIALS AND METHODS
MATERIALS
Materials
Healthy adult Sprague-Dawley rats of both sexes, weighing
180±30 g, employed in this study were purchased from the
Experimental Animal Center, Hubei Academy of Medical
Sciences, housed in a temperature conditioned room
(22-24 ) with a 12-h light–dark cycle, allowed free access
to standard rat chow and water ad libitum, and acclimatized
to the surroundings for 1 wk before the experiment. The
study protocol was in accordance with the guideline for
animal research and approved by the Ethical and Research
Committee of the hospital.
Reagents
Garlicin was purchased from Hubei Wusan Drug Manufactory.
2,4,6-Trinitrobenzene sulfonic acid (TNBS) was bought from
Sigma Corp. Immunohistochemical assay kits for bcl-2 and
bax were provided by Wuhan Boster Reagent Corp.
Apoptosis assay kits and S-P assay kits were provided by
Roche Reagent Corp.
Experimental protocol
Rat model of UC was induced by TNBS enema as previously
described in the literature [12]. According to different
treatment regimens, the experimental animals were randomly
divided into garlicin treatment group (including high and
low concentration), model control group, and normal control
group. Rats in garlicin treatment group and model control
group received intracolic garlicin daily at doses of 10.0 and
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30.0 mg/kg and equal amount of saline (8:00 am) 24 h
after colitis model was induced by 50% alcohol and TNBS
(150 mg/kg) co-enema. Rats in normal control group
received neither alcohol nor TNBS but saline enema. On
the 28 th d of the experiment, rats were executed, the
expression of bcl-2 and bax in lymphocytes was determined
immunohistochemically and apoptotic cells were detected
by the TUNEL method. At the same time, the colon
mucosal damage index (CMDI) was evaluated.

August 7, 2005 Volume 11 Number 29

hydrated, and treated with proteinase-K (Roche Corp.;
20 µg/mL in 10 mmol/L Tris-HCl buffer, pH 7.4) for 1530 min at 37 . Slides were rinsed twice with PBS. Then,
50 µL of TUNEL reaction mixture (450 µL nucleotide
mixture containing fluoresceinated dUTP in reaction buffer
plus 50 µL enzyme TdT from calf thymus, Roche Corp.)
was added to the samples. To ensure homogeneous spread of
the TUNEL reaction mixture on tissue sections and to avoid
evaporative loss, slides were covered with coverslips during
incubation and incubated in a humidified chamber for
60 min at 37 . After rinsing, slides were incubated with antifluorescein antibody, Fab fragment from sheep, conjugated
with horse-radish peroxidase for 30 min at 37 . Slides
were rinsed twice with PBS. Then, 50-100 µL of DAB
substrate was added and incubated for 10 min at room
temperature. Samples were counterstained prior to analysis
by light microscopy. Positive signals were defined as presence
of a distinct brown nuclear staining of the neoplastic cells
or were morphologically defined as apoptotic bodies. The
apoptotic index (AI) was determined by counting at least 1
000 neoplastic nuclei in 10 randomly chosen fields at 400fold magnification. Apoptotic cells were identified by
TUNEL assay in conjunction with characteristic
morphological changes such as cell shrinkage, membrane
blebbing, and chromatin condensation, to distinguish
apoptotic cells and bodies from necrotic cells.

Colon mucosal damage index
CMDI was evaluated by the methods as previously reported[13].
The evaluation standard of CMDI includes adhesion,
congestion, ulcer inflammation, and pathological change
depth. Adhesion and congestion according to the difference
of pathological change degree were scored as 0, 1 and 2
respectively. The inflammation and ulcer of colonic mucosa
scored 1; the pathological change of submucous membrane,
muscular layer, serous coat layer scored 1, 2, and 3 separately.
Each point was added to get the total points.
Immunohistochemistry detection
The expression of bcl-2 and bax protein in colon tissue
was determined immunohistochemically as previously
described[14,15], formalin-fixed, paraffin-embedded tissue
blocks were cut into 5-µm-thick sections mounted on glass
slides, and then kept in an oven at 4 overnight. Immunostaining was performed as previously described with a slight
modification[16]. Sections were deparaffinized in xylene and
rehydrated. Endogenous peroxidase activity was blocked
with 1% hydrogen peroxide for 20 min. To improve the
quality of staining, microwave oven-based antigen retrieval
was performed. Slides were probed with either anti-bcl-2
(1:100, mouse mAb) or anti-bax (1:100, mouse mAb).
Sections were washed thrice with PBS for 10 min each and
incubated with biotin-labeled anti-mouse IgG for 1 h at
room temperature. After washing thrice with PBS for 10 min
each, sections were stained with a streptavidin-peroxidase
detection system. Incubation with PBS instead of the primary
antibody served as a negative control. In specimens containing
positive cells, the positive cells were counted in 10 randomly
selected fields under 200- or 400-fold magnification for
each sample, and the average was expressed as the density
of positive cells.

Statistical analysis
All statistical analyses were performed with SPSS10.0
statistical package for Microsoft Windows. Measurement
data were expressed as mean±SD, t test and one-way
analysis of variance were used to compare continuous
variables among groups. P<0.05 was considered statistically
significant.

RESUL
TS
RESULTS
Protective effects of garlicin on rat colonic lesion
Pronounced pathological changes of colonic mucosa were
similar to those in human IBD which were observed in rats
colitis model induced by both alcohol and TNBS co-enema.
CMDI significantly increased in experimental animals
compared to normal controls (P<0.01). Treatment groups with
different doses of garlicin could effectively reduce the severity
of gut injury and CMDI significantly decreased in a dosedependent manner in rats treated with garlicin compared to
that in model control group (P<0.05-0.01, Table 1).

Determination of apoptosis
The TUNEL assay, originally described by Gavrieli et al.[17],
was used with minor modifications. Briefly, 5-µm-thick tissue
sections were mounted onto glass slides, deparaffinized,

Effects of garlicin on expression of bcl-2 and bax protein
In the present study, the expression of bcl-2 and bax was

Table 1 Effect of garlicin on CMDI in rats with experimental colitis (mean±SD, n = 10)
Group
Normal control
Model control
Garlicin (10.0 mg/kg)

CMDI
0

1

2

2

5

3

2

a

Garlicin (30.0 mg/kg)
P<0.05, bP<0.01 vs model control; dP<0.01 vs normal control.

a

2

a

5b

3

4

5

6

7

1d
3a

2d
2a

3d
1a

3d

1d

3b

2b
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also investigated by immunohistochemistry. Immunostaining
specific for bcl-2 and bax was shown as brown. Positive
expression of bcl-2 in lymphocytes significantly increased
in rat model of UC induced by alcohol and TNBS enema
compared to the normal control group (P<0.01), which were
significantly inhibited by different doses of garlicin (P<0.010.05 vs model control, Table 2 and Figure 1). Positive expression
of bax in lymphocytes was common in normal group, which
had no alteration in model control group and garlicin
treatment group.
Apoptosis
TUNEL staining was restricted to the nuclei of apoptotic
cells. TUNEL-positive staining cells were detected in normal
control group, model control group, and garlicin treatment
group. The AI significantly decreased (P<0.01) in model
control group compared to normal control group, and
increased in garlicin treatment group compared to model
control group (P<0.01-0.05, Table 2 and Figure 2).

Table 2 Effect of garlicin on expression of bcl-2 and bax and AI in
rats with experimental UC (mean±SD, n = 10)
Group

Bcl-2

Bax

AI

Normal control

9.8±1.4

30.1±3.2

20.8±0.7

Model control

41.0±2.5d

9.9±0.8d

2.3±1.6d

Garlicin (10.0 mg/kg)

a

22.4±0.8

11.2±4.3

9.8±1.3a

Garlicin (30.0 mg/kg)

10.2±2.5b

13.1±2.5

15.3±0.6b

a

P<0.05, bP<0.01 vs model control; dP<0.01 vs normal control.

A

Figure 1 Immunohistochemical staining of bcl-2 in tissue sections of model

A

Figure 2 TUNEL staining in tissue sections of model control group (A) and

DISCUSSION
The term “apoptosis” describes the change of morphology
different from cell necrosis. Hallmarks of apoptosis include
chromatin condensation, nuclear segmentation, cytoplasmic
shrinkage, blebbing, and formation of apoptotic bodies[18].
Bcl-2 is a suppressor gene of apoptosis, which was found
from follicular B cell lymphoma with t(14,18) chromosome
malposition[19]. Orientating as 18q21, bax, and bcl-2 are
homologous proteins, and bax is an induction gene of
apoptosis. Bcl-2 and bax can exist in the form of homodimer
and form heterodimer too. When the expression of bax
increases, the homodimer of bax–bax can induce apoptosis.
When the expression of bcl-2 increases, bax can combine
with bcl-2 to form more stable heterodimers which can
inhibit apoptosis. The ratio of bcl-2/bax can regulate
apoptosis[20].
The important pathological change in UC are inflammatory
damage of intestine, during which a large number of
inflammatory cells infiltrate the intestinal wall and activate
continuously[21]. Apoptosis of the lymphocytes has a close
relation with UC, and apoptosis of lymphocytes in colonic
mucosa is the main reason for the development of UC[6,22-24].
This experiment has proved that apoptosis of lymphocytes is
delayed in UC, which is consistent with previous reports[2,3,20].
The positive expression of Bcl-2 in lymphocytes increased
while that of bax was relatively rare, which is in agreement
with previous reports[20]. Garlicin is a kind of chemical
compound extracted from garlic corn. It has many biological
activities against inflammation, fungi, anti-oxidant, etc.[9-11].

B

control group (A) and garlicin treatment group (B).

B

garlicin treatment group (B).
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It can protect colonic mucosa against damage. In this study,
the apoptosis of lymphocytes increased in garlicin treatment
group and the positive expression of bcl-2 in lymphocytes
decreased, suggesting that garlicin has protective effects on
UC by promoting apoptosis of lymphocytes and reducing
expression of bcl-2 protein.
We observed the effects of garlicin on the expression
of bcl-2 and bax in lymphocytes in rat model of UC induced
by TNBS. The results showed that the CMDI of garlicin
treatment group was obviously lower than that of the model
control group, indicating that the garlicin can prevent and
cure UC. At the same time, the apoptosis of lymphocytes
increased in garlicin treatment group, showing that the
protective effects of garlicin in rats with UC are related
with the induction of apoptosis of lymphocytes. The results
of this experiment may open up a new way for the treatment
of UC.
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Abstract
AIM: To investigate the immunogenicity of a novel DNA vaccine,
pSW3891/HBc, based on HBV core gene in Balb/c mice.
METHODS: A novel DNA vaccine, pSW3891/HBc, encoding
HBV core gene was constructed using a vector plasmid
pSW3891. Balb/c mice were immunized with either
pSW3891/HBc or empty vector DNA via gene gun. IgG
anti-HBc responses in mouse sera were demonstrated
by ELISA. Specific cytotoxicity of cytotoxic T lymphocytes
(CTLs) of mice was quantitatively measured by lactate
dehydrogenase release assay.
RESULTS: HBcAg was expressed effectively in 293T cell
line transiently transfected with pSW3891/HBc. Strong
IgG anti-HBc responses were elicited in mice immunized
with pSW3891/HBc. The end-point titers of anti-HBc
reached the highest 1:97 200, 4 wk after the third
immunization. The specific CTL killing with the highest
specific lysis reached 73.25% at effector:target ratio of
20:1 in mice that received pSW3891/HBc DNA vaccine.
CONCLUSION: pSW3891/HBc vaccination elicits specific
anti-HBc response and induces HBc-specific CTL response
in immunized Balb/c mice.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Chronic infection with HBV affects more than 250 million
people worldwide, and is considered to be a high risk factor
for developing cirrhosis and hepatocellular carcinoma.
Although some antiviral drugs for HBV can effectively
inhibit viral replication, they rarely eliminate the intra-nuclear
viral covalently close circular DNA, which is responsible
for the persistence of infection. Recent data indicate that
immunotherapeutic strategies stimulating both cellular and
humoral immune responses to HBV antigens are essential
to cure chronic HBV infection. Since genetic immunization,
i.e. in vivo transfection of somatic cells with antigen-encoding
DNA, effectively induces major histocompatibility complex
(MHC) class I-restricted cell-mediated immunity in
CD8 + cytotoxic T lymphocytes (CTLs) and elicits humoral
immune reactions which are dependent on MHC class
II-restricted activation of T helper (Th) cells. In this
regard, DNA-based vaccination appears to be a particularly
pertinent approach for chronic hepatitis B therapy. It has
been demonstrated that plasmid DNA encoding HBV
surface antigen (HBsAg) and core antigen (HBcAg) elicits
vigorous humoral and cellular response in many species[1-5].
However, the vectors used for animal testing cannot be
applied in human studies. On the basis of our previous
work, we designed a novel plasmid vector pSW3891. In
this study, we investigated the immunogenicity of plasmid
pSW3891/HBc encoding HBcAg with this new vector
pSW3891 in Balb/c mice.
MA
TERIALS AND METHODS
MATERIALS
Plasmid construction and in vitro expression of HBc
To construct plasmid pSW3891/HBc, plasmid pJW4303/HBc[6]
was digested with BamHI and PstI. The HBc gene fragment
was isolated by gel electrophoresis and purified with
QIAquick gel extraction kit (Qiagen, Valencia, CA, USA).
The purified HBc gene was cloned into the BamHI and PstI
sites of the pSW3891 vector, resulting in pSW3891/HBc.
The pSW3891/HBc DNA vaccine plasmids transformed
in E coli (HB101 strain) were propagated in LB medium
containing kanamycin (0.06 g/L). The pSW3891/HBc
plasmid DNA was isolated and verified by restriction
enzyme analysis. Large prep of pSW3891/HBc was
prepared using the Maxi-plasmid purification kit (Qiagen).
The expression of HBc antigen from DNA vaccine
plasmid was confirmed in 293T cells transiently transfected
with pSW3891/HBc. The 293T cells were grown in
Dulbecco’s modified Eagle’s medium (Invitrogen,
Gaithersburg, MD, USA) supplemented with 10% heat-
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inactivated fetal bovine serum, 0.1 g/L of streptomycin,
and 100 IU/mL penicillin. Each of the 60-mm tissue culture
dishes (2.5×10 6 cells) was transfected with 10 µg of
pSW3891/HBc DNA vaccine plasmid or the empty
pSW3891 vector by calcium phosphate precipitation. The
levels of HBcAg in the supernatant and the lysate of the
293T cell culture harvested after 48-72 h were detected
by Western blot analysis.
Animals and DNA immunization
Seven-week-old female Balb/c mice were purchased from
Millbrook Farm (Amherst, MA, USA) and housed in the
animal facility at the Department of Animal Medicine of
the University of Massachusetts Medical School in
accordance with Institutional Animal Care and Use
Committee (IACUC) approved protocol. Ten mice were
randomly assigned into two groups. Both groups of mice
received DNA immunizations by a Bio-Rad Helios gene
gun (Bio-Rad, Hercules, CA, USA). The experimental
g roup was vaccinated thrice at 4-wk inter vals with
pSW3891/HBc, while the control group received only the
empty vector pSW3891. The DNA vaccine plasmids were
coated onto the 1.0-micron gold beads at a ratio of 2 µg of
DNA per mg of gold. Each gene gun shot delivered 1 µg
of DNA, and a total of six non-overlapping shots were
delivered to each mouse on shaved abdominal skin at each
immunization. Blood samples before immunization and 4 wk
after the last immunization were collected from orbital sinus.
until use.
The sera were isolated and stored at -70
Western blot analysis
The HBc antigens in supernatant from transiently transfected
293T cells were subjected to SDS-PAGE and blotted onto
polyvinylidene difluoride membrane (PVDF; Bio-Rad).
Blocking was done with 0.1% I-Block (Tropix, Bedford,
MA, USA). The membranes were incubated with immunized
mouse sera at 1:500 dilution for 45 min and subsequently
reacted with AP-conjugated goat anti-rabbit IgG at 1:5 000
dilution for 10 min. Membranes were washed with blocking
buffer after each step. Western-light substrate was then
applied to the membranes for 5 min. Once the membranes
were dried, X-ray films were exposed to the membrane and
developed by a Kodak processor.
Measurement of CTL response
HBcAg-specific CTL responses were detected by the
CytoTox 96® non-radioactive cytotoxicity assay (Promega,
Madison, WI, USA) according to the manufacturer’s
instructions. Briefly, single cell suspensions were prepared
from spleens of mice, 4 wk after the last immunization.
For specific re-stimulation, 3×106/mL splenocytes were
cultured in vitro with recombinant human IL-2 (25 U/mL)
and 0.01 g/L of the HBc-specific polypeptide SYVNTNMGL
(Life Technologies, Gaithersburg, MD, USA). After 7 d of
re-stimulation, the splenocytes were used as effector cells
in the CTL assays. The effector cells and target cells (P815)
at the effector:target ratio of 20:1, 10:1, 5:1, or 2.5:1,
respectively were co-cultured with 0.01 g/L specific
with 50 mL/L
polypeptide. After 4-h incubation at 37
CO2, the absorbance of culture supernatant from each well
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was quantitatively measured using a standard 96-well plate
reader according to the instructions. The percent cytotoxicity
for each effector:target cell ratio was calculated using the
following formula: %cytotoxicity = (experimental-effector
spontaneous-target spontaneous)/(target maximum-target
spontaneous)×100. The results represented the mean of
the triplicate data set.
Enzyme-linked immunosorbent assay
Mouse sera were tested for HBc-specific IgG antibody
responses by ELISA. Microtiter plates (Corning, NY, USA)
were first coated overnight with 0.005 g/L of purified
HBcAg (Aldevron, Fargo, ND, USA) in 0.05 mol/L sodium
carbonate buffer at pH 9.2. After coating buffer was
removed, 200 µL/well blocking buffer (5% Marvel skim
milk in 0.1% PBS-Triton X100) was added for 1 h at room
temperature. Blocking buffer was then removed and
primary antibody (100 µL/well) was added at different
dilutions in blocking buffer and plates were incubated at
room temperature. Plates were washed thrice in 0.1%
PBS-Triton X100 and diluted anti-mouse biotinylated
antibodies (Caltag, Burlingame, CA, USA) were added,
followed by 1-h incubation. Plates were washed thrice in
0.1% PBS-Triton X100, then streptavidin-horseradish
peroxidase (Caltag) was added, and plates were incubated
for 1 h. The horseradish peroxidase activity was detected
with ortho-phenylenediamine substrate solution. The
reaction was stopped by the addition of 50 µL/well of
3 mol/L H 2SO 4 after 35 min in the dark. The optical
density (A) was read at 450 nm in an ELISA reader
(BioRad). The end titration titer was determined when
the A reading at the last sera dilution was twofold above
the A reading of the negative control wells with the normal
mouse sera.

RESUL
TS
RESULTS
Construction of recombinant plasmid pSW3891/HBc
The cloning of the HBc gene into vector pSW3891 was
confirmed by restriction enzyme analysis (Figure 1). A small
molecular weight band (662 bases) corresponding to the
HBc gene insert was observed when the plasmid was
restricted with BamHI and PstI. Single band representing
the full length plasmid was observed in XbaI-digested lane
because there was one XbaI site in the HBc gene but not in
vector pSW3891.

Maker
uncut vector PSW3891
uncut
BamH I
C6
BamH I+Pst I
Xba I
Uncut
BamH I
C7
BamH I+Pst I
Xba I

Inserted band
Figure 1 Digestion of pSW3891/HBc. Marker: λ/Hind III; C6, C7: clone no.
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Figure 2 In vitro HBc expression in pSW3891/HBc transiently transfected 293T
cells. V: pSW3891; L: lysate; C6: pSW3891/HBc/C6; S: supernatant.

Anti-HBc IgG response in Balb/c mice immunized with
pSW3891/HBc
Strong anti-HBc IgG responses were elicited in mice
immunized with pSW3891/HBc, the end-point titers of
anti-HBc reached the highest 1:97 200, 4 wk after the third
immunization. The antibody titers were significantly higher
in the group immunized with pSW3891/HBc than in the
group immunized with empty vector pSW3891 (Figure 3).

End-point titres of anti-HBc
(log10, mean±SD)

pSW3891
5.5

pSW3891/HBc

4.5
3.5
2.5
Pre-immunization

100
pSW3891/HBc
80
60
40
20
0

20:1

10:1
5:1
Effector:target

2.5:1

Figure 4 Specific cytotoxicity of splenocytes inBalb/c mice immunized with
pSW3891/HBc.

207
139
84

17.9
8.6

pSW3891
Specific lysis (mean±SD%)

Expression of pSW3891/HBc in 293T cells
A protein with expected molecular weight of Mr 21 000 was
efficiently expressed in the lysate of 293T cells transiently
transfected with pSW3891/HBc as shown by Western
blotting (Figure 2). No specific bands were detected in the
supernatant of 293T cells transfected with pSW3891/HBc,
nor in the supernatant and lysate of 293T cells transfected
with pSW3891 (Figure 2).
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Post-immunization

Figure 3 End-point titres of anti-HBc in sera of Balb/c mice immunized with
pSW3891/HBc.

HBc-specific CTLs in mice
Four weeks following the last immunization, splenocytes
from mice immunized with pSW3891/HBc or vector
pSW3891 were isolated and stimulated in vitro with the HBcspecific peptide. Specific cell-mediated cytotoxic activities
with different effector/target ratios are shown in Figure 4.
Compared to the control group, the specific CTL killing
with the highest specific lysis reached 73.25% at effector:
target ratio of 20:1 in the experimental group of mice that
received pSW3891/HBc DNA vaccine.

DISCUSSION
It is well known that immune responses play a significant
role in both virus clearance and pathogenesis of hepatitis
B. The vigorous polyclonal and multi-specific immune
responses to HBV have been associated with recovery from
acute infection. It has been shown that specific cellular
immunity against HBcAg is a key factor for the control of
HBV infection[7]. CTLs and Th cells with specificity for
HBcAg are detectable in the circulation during acute
infection [8-10] . In contrast, defective CTL- and Th-cell
responses have been observed in chronic HBV carriers[11].
There is evidence that DNA plasmid encoding HBcAg is
a promising vaccine candidate against HBV infection. Our
previous data have also shown that plasmid pJW4303/HBc
encoding HBc elicits high titer antibodies and CTL responses
in mice and monkeys [6]. However, the plasmids used in
these experiments are not suitable for humans because of
their vector components. For example, the ampicillin
resistant gene for selection may cause antibiotic resistance
in clinic, and the sequence derived from SV40 virus
promoter region might potentially cause or promote
lymphomas and other cancers. We deleted SV40 virus
sequence and substituted ampicillin resistant gene in the
vector pSW4303 with kanamycin resistant gene to generate
a new vector pSW3891. Then the HBc gene was inserted
into this new vector to develop a novel DNA vaccine
pSW3891/HBc suitable for humans.
Restriction enzyme analysis of pSW3891/HBc
confirmed that the HBc gene was inserted correctly into
vector pSW3891. The HBc gene could release from
pSW3891/HBc with BamHI and PstI, which was not
observed in the control vector pSW3891. The expression
of pSW3891/HBc in vitro was confirmed in transiently
transfected 293T cells. Western blotting analysis showed
that HBcAg was detectable in the cell lysate but not in
supernatant of the transfected 293T cells in accordance
with the early reports [6]. This is consistent with the
observation that HBcAg only exists in hepatic cells where
capsids of HBV particles have been found in patients with
hepatitis B.
To investigate the ability of pSW3891/HBc to elicit
humoral responses in vaccinated Balb/c mice, two groups
of mice were immunized with different plasmids. The
experimental group of mice that received pSW3891/HBc
induced a potent anti-HBc response with the titers reaching

4586

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

1:97 200. In contrast, anti-HBc antibody was undetectable
in the control group of mice that received only vector DNA
alone. These results suggest that pSW3891/HBc can elicit
strong specific anti-HBc humoral responses in Balb/c mice
after DNA vaccination.
Lee et al.[12], have shown that specific CTL responses
can be induced by a DNA vaccine encoding HBcAg in
C57BL/6 mice. Our results are in agreement with this
finding. We measured the CTL component of immune
response by the specific killing of syngeneic target cells
pulsed with a recognized CTL epitope peptide. Our result
showed the specific CTL killing with the highest specific
lysis reached 73.25% at effector:target ratio of 20:1,
suggesting that pSW3891/HBc vaccination induces HBcspecific CTL responses in immunized Balb/c mice.
Clinical studies of DNA vaccine against HBV infection
are still in the early stage and focused on investigating the
effects of prophylactic immunization in healthy volunteers.
Roy et al. [13], demonstrated that all healthy volunteers
immunized with 1, 2, or 4 µg of DNA encoding HBsAg using
the gene gun deliver system develop protective antibody titers.
Volunteers who are positive for HLA-A2 have detectable
antigen-specific CD8+ T cells identified by flow cytometry
analysis following staining with HLA-A2/HBsAg 335-343
tetramers. Tacket et al.[14], conducted the phase I safety and
immune response study of an HBV DNA-based vaccine in
healthy volunteers who received two immunizations with
plasmid DNA encoding HBsAg on d 0 and 56 by gene gun,
and found that although volunteers fail to develop protective
antibody responses, it is attributed to the extremely low dose
of DNA (0.25 µg) used.
In conclusion, pSW3891/HBc vaccination can elicit
specific anti-HBc response and induce HBc-specific CTL
response in immunized mice.

REFERENCES
1

2

Rahman F, Dahmen A, Herzog-Hauff S, Bocher WO, Galle
PR, Lohr HF. Cellular and humoral immune responses induced by intradermal or intramuscular vaccination with
the major hepatitis B surface antigen. Hepatology 2000; 31:
521-527
Davis HL, McCluskie MJ, Gerin JL, Purcell RH. DNA vaccine
for hepatitis B: evidence for immunogenicity in chimpanzees
and comparison with other vaccines. Proc Natl Acad Sci USA
1996; 93: 7213-7218

3

4

5

6

7

8

9

10

11

12

13

14

August 7, 2005 Volume 11 Number 29

Kwissa M, Unsinger J, Schirmbeck R, Hauser H, Reimann J.
Polyvalent DNA vaccines with bidirectional promoters. J Mol
Med 2000; 78: 495-506
Riedl P, Stober D, Oehninger C, Melber K, Reimann J,
Schirmbeck R. Priming Th1 immunity to viral core particles is
facilitated by trace amounts of RNA bound to its argininerich domain. J Immunol 2002; 168: 4951-4959
Kwissa M, Lindblad EB, Schirmbeck R, Reimann J. Codelivery
of a DNA vaccine and a protein vaccine with aluminum phosphate stimulates a potent and multivalent immune response.
J Mol Med 2003; 81: 502-510
Huang ZH, Lu S, Liu N. Humoral and cellular immunogenecity
of genetic vaccine on core gene of hepatitis B virus in mice.
Zhonghua Yixue Zazhi 1999; 79: 456-459
Ferrari C, Penna A, Bertoletti A, Valli A, Antoni AD, Giuberti
T, Cavalli A, Petit MA, Fiaccadori F. Cellular immune
response to hepatitis B virus-encoded antigens in acute
and chronic hepatitis B virus infection. J Immunol 1990; 145:
3442–3449
Jung MC, Diepolder HM, Spengler U, Wierenga EA, Zachoval
R, Hoffmann RM, Eichenlaub D, Frosner G, Will H, Pape GR.
Activation of a heterogeneous hepatitis B (HB) core and e
antigen-specific CD4-T-cell population during seroconversion
to anti-HBe and anti-HBs in hepatitis B virus infection. J Virol
1995; 69: 3358–3368
Penna A, Chisari FV, Bertoletti A, Missale G, Fowler P,
Giuberti T, Fiaccadori F, Ferrari C. Cytotoxic T lymphocytes
recognize an HLA-A2-restricted epitope within the hepatitis B
virus nucleocapsid antigen. J Exp Med 1991; 174: 1565–1570
Rehermann B, Fowler P, Sidney J, Person J, Redeker A, Brown
M, Moss B, Sette A, Chisari FV. The cytotoxic T lymphocyte
response to multiple hepatitis B virus polymerase epitopes
during and after acute viral hepatitis. J Exp Med 1995; 181:
1047–1058
Tsai SL, Chen PJ, Lai MY, Yang PM, Sung JL, Huang JH,
Hwang LH, Chang TH, Chen DS. Acute exacerbations of chronic
type B hepatitis are accompanied by increased T cell responses
to hepatitis B core and E antigens. Implications for hepatitis B
e antigen seroconversion. J Clin Investig 1992; 89: 87–96
Lee YS, Yoon SJ, Kwon TK, Kim YH, Woo JH, Suh MH, Suh
SI, Baek WK, Kim HJ, Ahn SY, Choe BK, Park JW. Immunl
Lett 2001; 78: 13-20
Roy MJ, Wu MS, Barr LJ, Fuller JT, Tussey LG, Speller S,
Culp J, Burkholder JK, Swain WF, Dixon RM, Widera G, Vessey
R, King A, Ogg G, Gallimore A, Haynes JR, Heydenburg FD.
Induction of antigen specific CD8+ T cells, T helper cells and
protective levels of antibody in humans by particle mediated
administration of a hepatitis B virus DNA vaccine. Vaccine
2000; 19: 764-778
Tacket CO, Roy MJ, Widera G, Swain WF, Broome S, Edelman
R. Phase I safety and immune response studies of a DNA
vaccine encoding hepatitis B surface antigen delivered by a
gene gun delivery device. Vaccine 1999; 17: 2826–2829

Science Editor Wang XL and Li WZ Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(29):4587-4591
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Expression and hypermethylation of p27kip1 in hepatocarcinogenesis
Pu-Ping Lei, Zong-Ji Zhang, Li-Juan Shen, Jin-Yun Li, Qiong Zou, Hua-Xian Zhang
Pu-Ping Lei, Zong-Ji Zhang, Li-Juan Shen, Qiong Zou, HuaXian Zhang, Department of Pathology, Kunming Medical College,
Kunming 650031, Yunnan Province, China
Jin-Yun Li, Department of Pathology, the Second Affiliated Hospital,
Kunming Medical College, Kunming 650032, Yunnan Province, China
Supported by the Natural Science Foundation of Yunnan Province,
China, No. 2000C0058M, and Scientific Research Foundation of
the Education Department of Yunnan Province, No. 0011010
Co-first-authors: Pu-Ping Lei and Zong-Ji Zhang
Correspondence to: Dr. Li-Juan Shen, Department of Pathology,
Kunming Medical College, Kunming 650031, Yunnan Province,
China. wycslj@public.km.yn.cn
Telephone: +86-871-5338845 Fax: +86-871-5151197
Received: 2004-07-28 Accepted: 2005-01-14

Abstract
AIM: To study the expressions of p27 kip1 protein and
p27mRNA, the hypermethylation of p27kip1 and the relation
between them in various stages of hepatocarcinogenesis.
METHODS: p27 protein and p27mRNA were detected by
immunohistochemical staining and in situ hybridization
respectively in 68 cases of normal liver, liver cirrhosis,
pericancerous cirrhosis and hepatocellular carcinoma
(HCC). The hypermethylation of p27kip1 was detected by
methylation-specific PCR (MSP) in 44 cases of normal
liver, liver cirrhosis, and HCC.
RESULTS: The positive rate of p27 protein was 66.7%
(4/6) in normal liver, 60.0% (6/10) in liver cirrhosis, 50.0%
(12/24) in pericancerous cirrhosis and 21.4% (6/28) in
HCC. There were no statistical differences in normal liver,
liver cirrhosis and pericancerous cirrhosis, but the
positive rate of p27 protein significantly decreased in
HCC compared to that in the other groups (P = 0.006,
χ2 = 7.664). The positive rate of p27kip1 mRNA was 83.3%
(5/6) in normal liver, 70.0% (7/10) in liver cirrhosis, 75.0%
(18/24) in pericancerous cirrhosis and 25.0% (7/28) in
HCC. There were no statistical differences in normal
liver, liver cirrhosis and pericancerous cirrhosis, but the
positive rate of p27kip1 mRNA also significantly decreased
in HCC compared to that in the other groups (P = 0.000,
χ2 = 16.600). In addition, there was a significant correlation
between the expression of p27 protein and p27mRNA in
the integrated group of normal liver and liver cirrhosis.
However, no significant correlation was found between
pericancerous cirrhosis and HCC. Using MSP, we found
that 1 HCC in 44 cases (including 6 cases of normal liver,
10 cases of liver cirrhosis and 28 cases of HCC) was
methylated, whose p27 protein and p27mRNA were
negative.
CONCLUSION: The reduction or loss of p27 protein and

p27mRNA are potentially involved in hepatocarcinogenesis.
The hypermethylation of p27 might lead to the loss of
p27mRNA transcription.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Disruption of cell cycle regulation plays a significant role in
carcinogenesis. p27kip1, located at chromosome 12p13, is a
regulator of the mammalian cell cycle and a tumor
suppressor[1]. It was reported that the expression of p27kip1
protein in hepatocellular carcinoma (HCC) is lost or reduced,
when compared to that in liver cirrhosis and normal
liver [2,3] , as well as the transcription of p27mRNA[4]. The
mechanism of loss and reduction of p27 kip1 expression
during hepatocarcinogenesis still remains unclear. Specific
alterations of the p27kip1gene, including mutations and
homozygous deletions, are exceedingly rare in HCC,
suggesting that p27kip1 might be inactivated by transcription
rather than genomic aberrations.
In nor mal tissues, methylation of the promoter
region CpG islands is associated with transcriptional
silencing of imprinted alleles and genes on the inactive X
chromosome[5,6]. Indeed, aberrant DNA methylation of the
promoter region CpG islands can serve as an alternative to
mutations in the coding region for the inactivation of tumor
suppressor genes, including the APC gene, p16INK4A, and
p15INK4B[7-9]. p27kip1 promoter methylation has not been
studied in HCC. We focused on analyzing the DNA
methylation patterns in CpG islands of the p27kip1 gene.
MA
TERIALS AND METHODS
MATERIALS
Specimens
Specimens obtained from surgical resection, autopsy of
livers from 1970 to 2003 were fixed in 40 g/L formaldehyde,
embedded in paraffin, and stained with routine HE. The
specimens were divided into four groups: normal liver tissue
specimens used as controls (n = 6), liver cirrhosis tissue
specimens (n = 10), pericancerous tissue specimens (n = 24)
and HCC tissue specimens (n = 28). All specimens were
examined by two pathologists.
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Immunohistochemical staining
Immunohistochemistry S-P method was used to detect
p27kip1 protein expression. Mouse monoclonal antibody to
human p27 kip1 was purchased from Fuzhou Maixin
Biotechnical Company. The main steps were as follows.
The tissues were treated with 3% H2O2 to block endogenous
peroxidase at room temperature for 10 min, heated to boiling
for 5 min in 10 mmol/L sodium citrate (pH 6.0) buffer in a
pressure cooker, incubated in endogenous peroxidase
blocking solution at room temperature for 10 min, and then
incubated in normal nonimmune serum at room temperature
for 10 min. The mouse anti p27kip1 antibody was added to
tissue sections and incubated overnight at 4 . Biotinconjugated secondary antibody was added to the sections
and incubated at room temperature for 10 min. S-P complex
was added at room temperature for 10 min and then DAB
was used for the color reaction. The tissue sections were
washed with PBS (0.01 mol/L, pH 7.4) between each step.
Positive and negative controls were simultaneously used to
ensure specificity and reliability of the staining process. A
positive section provided by the company was taken as
positive control. In the negative control, PBS was used to
replace the primary antibody.
The immunohistochemical staining (IHC) was independently
assessed by two experienced pathologists in a double-blind
fashion. Positive p27 staining was mainly localized in the
cell nuclei and only rarely in the cytoplasm. All fields of
each section were observed. If there was no positive cell,
the grade was 0; under 30% of positive cells the grade was 1;
31-70% positive cells the grade was 2; >70% positive cells
the grade was 3. The criterion of the staining intensity was
determined by the staining characteristics of most cells in
each section. If there was no staining, the scale was 0; weak
yellow staining was grade 1; brown yellow staining was
grade 2; brown staining was grade 3. The final staining results
were determined by the total of the staining and intensity
grade. If the total grade was 0, the result was regarded as
negative (-); grades between 1 and 3 as weakly positive (+);
grades between 4 and 6 as strongly positive (++)[10].
In situ hybridization
In situ hybridization (ISH) was used for the detection of
p27kip1 mRNA. The p27kip1 probe with digoxin-labeled and
ISH kit was purchased from Wuhan Boster Biological
Technology Ltd. The main steps were as follows. All
slides were baked overnight at 58-60 . The tissues were
deparaffinized by xylene and graded alcohols, treated with
3% H2O2 at room temperature for 10 min. Proteinase K
freshly diluted with 3% citrate acid was added at 37
for 10-15 min. The tissues were pre-hybridized for 3 h
in pre-hybridization liquid. Digoxin-labeled probe
at 37
with coverslip was added, the tissues were hybridized at
for about 16 h. The slides were washed four times
37
with SSC at 37 . Block liquid was added for 3 min at
37 . Mouse biotin-antidigoxin antibody was applied for
60 min at 37 , followed by detection with nitroblue
tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate
(NBT/BCIP) for 20 min. Positive control provided by the
company was used. Hybridization liquid replaced by PBS
served as negative control.
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ISH staining was evaluated according to the following
scales: no positive cell for negative, 1+ for staining in <25%
of cells, 2+ for staining in 25-70% of cells, and 3+ for
staining in >70% of cells[11].
Methylation-specific PCR
Tissues were deparaffinized by xylene and graded alcohols.
Genomic DNA was then extracted with a standard phenol/
chloroform procedure. DNA methylation patterns in the
CpG islands of the p27 kip1 gene were determined by
methylation-specific PCR (MSP) [12]. MSP distinguishes
unmethylated from methylated alleles based on sequence
changes produced after bisulfite treatment of DNA,
which converts unmethylated (but not methylated)
cytosine to uracil, and subsequent PCR using primers were
designed for either methylated or unmethylated DNA.
Sodium bisulfite modification was performed using the
CpGenomeTM DNA modification kit (Intergen, Oxford,
UK) according to the manufacturer’s protocol with minor
modifications. Briefly, DNA was denatured by NaOH (final
concentration, 0.2 mol/L) for 15 min at 37 . Sodium
bisulfite solution at pH 5.0, freshly prepared, was added
for 20 h. The modified
(550 µL), and incubated at 50
DNA was treated with NaOH (final concentration, 0.3 mol/L)
for 5 min at room temperature. After precipitation by
ethanol, the DNA was resuspended in TE buffer (10 mmol/L
Tris pH 8.0, 0.1 mmol/L EDTA)[13]. The primer sequences for
the p27kip1 methylated reaction were 5’-AAGAGGCGAGTTAGCGT-3’ (sense) and 5’-AAAACGCCGCCGAACGA3’ (antisense); 5’-ATGGAAGAGGTGAGTTAGT-3’ (sense)
and 5’-AAAACCCCAATTAAAAACA-3’ (antisense) for the
p27kip1 unmethylated reaction[14]. PCR was carried out in a
10 µL volume containing PCR buffer (10 mmol/L Tris-HCl
pH 8.3, 50 mmol/L KCl, 1.5 mmol/L MgCl 2), dNTPs
(250 µmol/L each), primers (2.5 pmoL each), 0.4 unit of
TaKaRa taqTM (DR100A, TaKaRa Biotech, Dalian, China)
and approximately 10-100 ng bisulfite-modified DNA.
Amplification was carried out in a DNA Autorisierter
thermocycler (Eppendorf) with initial denaturing at 95
for 3 min followed by 34 cycles of denaturing at 94
for
(for p27kip1 methylated
1 min, annealing for 1 min at 53
(for p27kip1 unmethylated reaction),
reaction) or at 58
extension for 1 min at 72 , and then a final extension for
10 min at 72 . DNA extracted from HCC treated with
methylase (SssI, New England BioLabs, Beverly, MA, USA)
was used as the methylated control and DNA extracted
from relatively normal liver was the unmethylated control.
Amplified products were electrophoresed on 2% agarose
gels and visualized with ethidium bromide staining. In the
total, we tested 44 cases including 6 cases of normal liver,
10 cases of liver cirrhosis and 28 cases of HCC.
Statistical analysis
The Fisher’s exact test, χ2 test and Spearman’s correlation
were used.

RESUL
TS
RESULTS
p27 protein expression
The positive rate of p27 protein was 66.7% (4/6) in normal
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Figure 1 Expressions of p27. A: p27 protein was expressed in nuclei of liver
cirrhosis (SP ×400); B: p27 protein was expressed in pericancerous cirrhosis,
but not in HCC (SP ×200); C: p27mRNA was positive in liver cirrhosis (ISH

×200); D: p27mRNA was positive in pericancerous cirrhosis, but negative in
HCC (ISH ×100).

liver, 60.0% (6/10) in liver cirrhosis, 50.0% (12/24) in
pericancerous cirrhosis and 21.4% (6/28) in HCC. There
were no statistical differences in normal liver, liver cirrhosis
and pericancerous cirrhosis, but the positive rate of p27
protein significantly decreased in HCC compared to that in
the other groups (P = 0.006, χ2 = 7.664). In addition, the
positive signals of p27 protein were mainly located in nuclei
in normal liver and liver cirrhosis (Figure 1A), while they
were located in cytoplasm in pericancerous cirrhosis and
HCC (Figure 1B).

p27kip1 mRNA expression
The positive result showed blue coloration in the cytoplasm
(Figures 1C and D). The positive rate of p27kip1 mRNA
was 83.3% (5/6) in normal liver, 70.0% (7/10) in liver
cirrhosis, 75.0% (18/24) in pericancerous cirrhosis and
25.0% (7/28) in HCC. There were no statistical differences
in normal liver, liver cirrhosis and pericancerous cirrhosis,
but the positive rate of p27kip1 mRNA also significantly
decreased in HCC compared to that in the other groups
(P = 0.000, χ2 = 16.600). There was a significant correlation
between the expression of p27 protein and p27mRNA
in the integrated group of normal liver and liver cirrhosis
(P = 0.082<0.1, χ2 = 0.447, r = 0.447, Table 1). However,
no significant correlations were between pericancerous
cirrhosis (P = 0.368, χ 2 = 0.192, r = 0.192) and HCC
(P = 0.611, χ2 = 0.101, r = 0.101, Tables 2 and 3).

Table 1 Correlation between expression of p27mRNA and p27
protein in integrated group of normal liver and liver cirrhosis
p27 protein

p27mRNA

Total

+

–

+

9

1

10

–

3

3

6

12

4

16

Total

Table 2 Correlation between expression of p27mRNA and p27
protein in pericancerous cirrhosis group
p27 protein

p27mRNA

Total

p27kip1 hypermethylation
p27kip1 promoter hypermethylation was only detected in 1
of 28 HCC cases, which was negative when detected by

Table 3 Correlation between expression of p27mRNA and p27
protein in HCC
p27 protein

p27mRNA

–

+

10

2

12

+

2

4

6

–

8

4

12

–

5

17

22

18

6

24

Total

7

21

28

Total

+

–

Total

+
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ISH and IHC. p27kip1 methylation was not detected in any
of 10 cases of liver cirrhosis and 6 cases of normal livers.
Methylated and unmethylated control DNA showed the
expected fragment sizes of 195 and 212 bp (Figure 2).

P.C

N.C HCC19 HCC88 L.C21

Mar U M

U M

U M

U

M

U M
bp
212
195

loss of transcription, contributing to cell proliferation. The
same result has been reported in a few other tumors[20-22],
but not in HCC[23]. Because there are few reports on the p27
methylation in HCC, only one HCC case was hypermethylated
in our study, we could not analyze the relationship between
the p27mRNA expression and p27 gene methylation.
In conclusion, reduction or loss of p27 protein and
p27mRNA is potentially involved in hepatocarcinogenesis,
and hypermethylation of p27 may lead to the loss of
p27mRNA transcription[20-22].
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Abstract
AIM: To discuss the helical computed tomography (CT)
characteristics of gastric cancer and evaluate the diagnostic
value of contrast-enhanced helical hydro-CT (HHCT) in
staging gastric cancer.
METHODS: A total of 50 patients with gastric cancer were
included in this study. The CT findings in them were retrospectively analyzed and correlated with pathologic findings
at surgery. All patients were preoperatively imaged by
plain and contrast-enhanced helical CT after orally ingesting
1 000-1 500 mL water. Peristalsis was minimized by intravenous administration of spasmolytics.
RESULTS: The foci of gastric cancer became more
prominent in all the 50 patients and showed strong
enhancement in contrast-enhanced HHCT. The tumor was
located at the gastric cardia in 14 cases, at the gastric
fundus in 3 cases, at the gastric body in 8 cases, at the
gastric antrum in 4 cases, at the gastric fundus and the
body in 8 cases, at the gastric body and antrum in 11
cases, and at three segments of the stomach in 2 cases.
The CT features of gastric cancer were focal or diffuse
mural thickening, soft tissue mass, cancerous ulcer, stenosis
of stomach, infiltration to adjacent tissues, lymph node
and distant metastases. Strong contrast enhancement of
the gastric wall was closely related to gastric cancer. The
accuracy rate of contrast-enhanced HHCT in staging gastric
cancer was 86% (43/50). The detection rate of lymph
node metastases by CT was 60% (12/20).
CONCLUSION: Contrast-enhanced HHCT is a reliable
method to diagnose and stage gastric cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric cancer is one of the most common malignancies in
China. Its accurate staging contributes to its pre-operative
management [1-4]. In the evaluation of gastric diseases,
gastroscopy is used for the detection of gastric abnormality.
Computed tomography (CT) is a valuable tool in addition
to gastroscopy in the evaluation of gastric diseases[5-7]. With
the clinical application of helical CT and the improvement
of CT equipments, helical CT has been used for the detection
of gastric abnormality and in staging of gastric cancer[8-11].
Since January 1999, 50 patients with gastric cancer have been
scanned. CT results are correlated with surgical and pathologic
findings. This work aimed to analyze the characteristic
findings of gastric cancer, stage the tumor and evaluate the
clinical value of CT imaging of the stomach.
MA
TERIALS AND METHODS
MATERIALS
Patients
A total of 50 cases of gastric cancer were examined by
helical hydro-CT (HHCT) and their clinical data were
collected from January 1999 to April 2004. There were 36
male and 14 female patients with an age range of 39-81 years
(mean 58.3 years).
CT examination
All patients included in the study were fasting for at least 5 h
before CT imaging with a commercially available scanner
(Hispeed CT/i unit GE Medical Systems, Milwaukee, WI,
USA). Thirty minutes before scanning, the patients ingested
500-1 000 mL of water, and were then examined in the
supine position during full inspiration. Immediately before
helical scanning, the patients received 20-40 mg of anisodamine
(raceanisodamine hydrochloride, Hangzhou, China)
intramuscularly to minimize peristalsis. An additional 500 mL
of water was then offered to improve distension of the
proximal part of the stomach. First, a plain scan of the
upper abdomen was obtained using 10-mm sections. If the
tumor was located at the antral or pyloric antrum, patients
were then examined in the prone position, followed by
injection of 80-100 mL of contrast material (Omnipaque,
Schering, Germany) at a rate of 2.5-3.0 mL/s (Madrid power
injector, SA) into the antecubital vein. Helical scanning of
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the stomach was performed at 30, 60-70, 150-180 s after
contrast material was injected. It started above the diaphragm
to cover the gastric cardia by obtaining contrast images with
5- or 7-mm collimation, a pitch of 1.5:1.0 or 1.1:1.0 (120 kV,
210 mA), and a matrix size of 512×512, then 3-mm axial
scans were reconstructed for image evaluation.
Image interpretation
Without prior knowledge of endoscopic, surgical, or
histological findings, one reviewer interpreted all CT studies.
First, the gastric wall was evaluated for the presence of
tumor. Carcinoma of the stomach was suspected if thickening
and marked contrast enhancement of the gastric wall were
visible on CT. The depth of infiltration and perigastric
invasion of gastric tumors were evaluated according to the
TNM system[11].
CT staging of gastric tumor was performed as follows:
T1, invasion of the lamina propria or submucosa, when
thickening was limited to the inner layer; T2, invasion of
the muscularis propria, when all three layers of the gastric
wall were grossly thickened and replaced by a homogeneous
or inhomogeneous soft tissue mass with no serosal
irregularity; T3, tumor invasion of the serosa, when highdensity irregularities of the outer layer or micronodularity
or strands in the fat planes contiguous to the lesion were
evident; T4, invasion of adjacent organs and structures,
when cleavage fat planes between neoplastic gastric wall
and contiguous organs were replaced by mass or when the
invasion was clearly demonstrated.
Soft tissue nodules were classified as lymph nodes, which
were divided into loco regional peri-gastric lymph nodes
(N1/N2 = 3 cm away from the gastric tumor) and distant
nodes which were classified as metastatic disease (M1)
according to the TNM system if it has tumor infiltration.
All visible lymph nodes were judged to be infiltrated by
carcinoma independent of size or contrast enhancement.
In abdominal M staging, any hepatic or splenic lesion other
than a cyst was regarded as potentially malignant. Nodular
thickening of the peritoneum or ascites without signs of
liver cirrhosis was assumed to be peritoneal carcinomatosis.
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The maximum diameter of each cancer was calculated and
compared with the maximum diameter of the tumor
determined by pathology. The largest tumor diameter was
used for correlation with the pathologic size of the tumor.

RESUL
TS
RESULTS
All CT studies were successfully completed. A lesion-bylesion analysis revealed that 43 of 50 (86%) gastric cancer
were correctly staged by HHCT. Gastrectomy was performed
in 46 patients, 4 patients with T1 tumor underwent partial
gastrectomy. In all cases, histology revealed malignant ulcer
corresponding to early gastric cancer.
Location and histological classification of the tumor
The maximum diameter of the resected gastric tumors
ranged 0.7-15 cm (mean 5.3 cm). Fourteen cancers were
located at the gastric cardia, three of them showed
infiltration of the distal esophagus, three of them invaded
the gastric body, and two of them infiltrated both the distal
esophagus and the gastric body. The remaining cancers were
located at the gastric fundus (n = 3), the gastric body (n = 8),
the gastric antrum (n = 4), the gastric fundus and the body
(n = 8), and the gastric body and antrum (n = 11). In two
cases, the gastric cancer involved three segments of the
stomach (linitis plastica).
The histological classifications were papillary adenocarcinoma (5 cases), mucous carcinoma (2 cases), low-grade
adenocarcinoma (35 cases), undifferentiated carcinoma (2
cases), squamous carcinoma (3 cases), and adenosquamous
carcinoma (3 cases).

CT-histopathologic correlation
All resected specimens were carefully examined both
macroscopically and microscopically. A lesion-by-lesion
analysis was performed, and gastric carcinoma was staged
according to the American Joint Committee on Cancer
(AJCC) classification [11] . The histological studies were
correlated with the CT data, and comparative evaluation
of location, size, depth of tumor infiltration, and extent of
the primary tumor was performed. The presence of lymph
node metastasis was histologically determined, and the
histological N stage of the tumor was correlated with CT
findings. In all patients who underwent surgery, the abdomen
was carefully explored to exclude metastatic disease.

Contrast-enhanced HHCT findings of gastric cancer
In 13 of 50 cases (26%), single layer normal gastric wall
was demonstrated. In the remaining 37 cases (74%), twoor three-layer structure was shown at arterial phase of
contrast-enhanced HHCT scans. Abnormal local gastric wall
thickening and area of strong contrast medium enhancement
were found in one of four early gastric cancers confirmed
by pathology. Two layers of gastric wall were found in 3
patients with early gastric cancer and in 5 of 46 patients
with advanced gastric cancer. In the three advanced gastric
cancers, low attenuation was found with no enhancement
below the strong enhancement inner layer, their pathological
diagnosis was mucous carcinoma. Single or triple layer gastric
wall with homogeneous or heterogeneous strong enhancement
was shown in the remaining advanced gastric cancer, their
mean increase of CT values was 26.47±6.67 HU. Gastric
wall thickening was found in 37 cases (Figures 1A and B),
intramural soft mass in 23 cases (Figure 1C), lymph node
metastasis in 12 cases, tumor spread to perigastric area and
infiltration to adjacent organs in 9 cases, and distant
metastasis in 7 cases. In our study, the detection rate of
lymph node metastasis by CT was 60% (12/20).

Statistical analysis
According to the AJCC classification, TNM staging criteria
were applied to all cases. The accuracy of CT imaging to
predict the T, N, and M stage of gastric cancer was determined.
The overall detection rate of gastric cancer was determined.

Gastric cancer staging by CT and pathology
The TNM staging of gastric cancer by contrast-enhanced
HHCT was compared to the pathological results in 50 cases
(Table 1). In 43 of 50 cases, HHCT staging of gastric cancer
was in accordance with pathological staging. The accurate

4594

ISSN 1007-9327

CN 14-1219/ R

A

World J Gastroenterol

B

August 7, 2005 Volume 11 Number 29

C

Figure 1 Enhancement patterns of gastric cancer on contrast-enhanced HHCT.
A: Focal wall thickening in gastric antrum with marked enhancement of mucosal
layer and narrowing of gastric lumina; B: focal wall thickening with marked

enhancement of mucosal layer in greater curvature of the gastric body; C:
homogeneous enhancement of soft tissue mass in anterior wall of the gastric body.

rate of T staging by HHCT was 86.0% (43/50). Findings
at HHCT were concordant with histological findings in 2
of 4 T1 tumors (50%), in 17 of 20 T2 tumors (85%), in 15
of 17 T3 tumors (83.3%), and in 7 of 9 T4 tumors (77.8%).
Overstaging occurred in 2 T1 tumors and in 3 T2 tumors
on CT images. In addition, 2 T4 tumors were understaged.

marked improvements in the detection and characterization
of gastric cancer[19]. The main CT findings of gastric cancer
are local or diffuse thickenings of gastric wall with variable
enhancement and intraluminal soft tissue mass. In this study,
gastric wall thickening was found in 37 cases, intraluminal
soft tissue mass in 13 cases, local and distant lymph metastasis
in 12 cases. Tumor can also infiltrate into perigastric tissue,
encroach on adjacent organs and metastasize to distant
places. Contrast-enhanced HHCT can reflect blood supply
to gastric cancer.
Reports on staging gastric cancer by conventional CT
prior to surgery are available[20]. Recently more and more
studies have been focused on staging gastric cancer by helical
CT[21]. Our study demonstrated that TNM staging by CT
was closely related with pathology. The accuracy of HHCT
(86.0%) in our study was higher than that of conventional
CT (72%) [13]. TNM staging by HCT depends upon the
improvement of CT equipments and stomach filling with
water. Contrast-enhanced HHCT can further improve the
accuracy of gastric cancer staging before operation.
Our results showed 60.0% of all lymph nodes were
detected by HHCT. The sensitivity of detecting lymph node
metastasis was not high. The detection of regional lymph
nodes can be improved by hypotension of the stomach,
because the delineation of regional lymph nodes and gastric
wall can be improved[22]. Enlarged lymph nodes may be
missed if they are located close to the gastric cancer. For
the assessment of lymph node metastasis, the size of lymph
nodes is the most frequently used criterion. But there is no
agreement concerning the upper limits of normal lymph
node size. The diameter of normal lymph nodes in the upper
abdomen may vary from 6 to 11 mm depending on their
location[23-25]. Lymph nodes in the gastro-hepatic ligament
region have to be considered as abnormal if they exceed
8 mm in diameter. A diameter of lymph nodes in 8-15 mm
is used in studies as the upper limit for normal lymph
nodes[26-28]. However, when these criteria are used, falsenegative and false-positive results may occur because
micrometastases do not result in enlargement or inflammatory
changes in lymph nodes[4,13,29,30]. Contrast enhancement of
lymph nodes can be useful in differentiating lymph nodes
with and without metastasis[11]. Further study is needed to
improve methods for the detection of lymph node metastasis
such as dynamic CT[4,31].

Table 1 T staging of gastric carcinoma (n = 50)
Staging at CT
T1
T2
T3
T4

Staging at pathology
T1

T2

T3

2
2

17

2

3

15

T4

2
7

DISCUSSION
Normal architecture of gastric wall and enhancement pattern
of gastric cancer on contrast-enhanced HHCT
Normal gastric wall is histologically classified as four slices:
mucosa, submucosa, muscular layer, and serosa. The
structure of gastric wall is shown as a single slice in
conventional CT. The excellent spatial resolution of helical
CT makes it possible to identify the triple-layer structure
of the gastric wall after contrast material is intravenously
injected. The inner layer with high attenuation corresponds
to the mucosa and its muscular layer, the middle layer with
low attenuation corresponds to the submucosal layer, and
the outer layer with slightly high attenuation corresponds to
the muscular layer and serosa[12-15]. The results of our study
are concordant with the previous reports[16,17]. After gastric
lumen was sufficiently filled, the mean thickness of normal
gastric wall was 2-3 mm on CT image, while it was 4-5 mm
at cardia and antrum [18]. Otherwise it was regarded as
abnormal. The thickness of gastric lumen may be equal to
1.0 cm or above, if not being sufficiently filled. Therefore,
it is a prerequisite to fill gastric lumen before CT examination.
Significance of contrast-enhanced HHCT in staging gastric
cancer
CT is most frequently used in staging gastric cancer. Helical
CT in combination with the water-filling method has led to

Wei WZ et al. HHCT in staging GC

In conclusion, the primary pathologic condition of gastric
cancer and its metastasis to adjacent or distant structures
can be demonstrated by contrast-enhanced HHCT. HHCT
can provide more information for surgeons to make an
appropriate therapy for gastric cancer patients.
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Abstract
AIM: To investigate the effects of polo-like kinase-1 (PLK1)
antisense phosphorothioate oligodeoxynucleotide (ASODN)
on apoptosis and cell cycle of human colon cancer cell
line SW480.
METHODS: After SW480 colon cancer cells were
transfected with PLK1 ASODN, Northern and Western blot
analyses were used to examine PLK1 gene expression in
cancer cells. We studied apoptosis using terminal uridine
deoxynucleotidyl nick end labeling. Apoptosis and cell cycle
of SW480 cells were examined by fluorescence-activated
cell sorter scan.
RESULTS: The levels of PLK1 mRNA and protein were
greatly inhibited by PLK1 ASODN in SW480 cancer cells
transfected with PLK1 ASODN. Apoptosis index (AI) induced
PLK1 ASODN in a time- and dose-dependent manner.
Results from FLM showed that sub-2N DNA content of
transfected cancer cells was significantly increased and
arrested at G2/M compared with control groups.
CONCLUSION: PLK1 ASODN can induce apoptosis of
human colon cancer cell line SW480.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The polo kinase family includes mammalian polo-like kinase
(PLK) 1, Snk, Fnk, Xenopus laevis Plx1, Drosophila polo,

fission yeast PLO1, and budding yeast Cdc5[1]. Genetic and
biochemical experiments in various organisms indicate that
PLK are important regulators of many cell-cycle-related
events, including activation of Cdc2, chromosome segregation,
centrosome maturation, bipolar spindle formation, regulation
of anaphase-promoting complex, and execution of cytokinesis[1,2]. The importance of PLK1 as a measure for the
aggressiveness of a tumor seems to result from its different
functions during mitotic progression in particular, its role in
the G 2/M transition (phosphorylation of cyclin B1, a
component of the mitosis-promoting factor)[3-5]. PLK1 also
phosphorylates substrates that are involved in several
additional steps of mitotic progression, including components
of the anaphase-promoting complex and the cytokinesis
machinery[6,7]. The activity of PLK1 is elevated in tissues
and cells with a high mitotic index, including cancer cells[8,9].
An increasing body of evidence suggests that the level of
PLK1 expression has prognostic value for predicting
outcomes in patients with different cancers, including
non-small cell lung cancer, squamous cell carcinoma of the head
and neck, esophageal carcinoma, oropharyngeal carcinoma,
ovarian cancer, breast cancer, endometrial carcinoma,
colorectal cancer, and glioma[10-18]. Takahashi et al.[18], found
that some crypt cells in normal colon mucosa show weakly
positive staining for PLK1, and PLK1 overexpresses in most
of colorectal cancers. Moreover, PLK1 expression is associated
with pT (primary tumor invasion) (P<0.0006), pN (regional
lymph nodes, P<0.008) and the Dukes’ classification
(P<0.0005). The results suggest that overexpression of
PLK1 might be of pathogenic, prognostic and proliferative
importance, so that this kinase might have potential as an
invasion and metastasis marker for colorectal cancer. But
whether PLK1 plays a role in colon cancer cell is not clear.
In this article, we used ASODN to inhibit the expression
of PLK1 in human cancer cell lines SW480 and determined
the role of PLK1 in tumorigenesis.

MA
TERIALS AND METHODS
MATERIALS
Cell culture
New fetal calf serum, RPMI-1640, phosphate-buffered
saline (PBS), oligofectamine, penicillin and streptomycin,
and trypsin were obtained from Invitrogen (Karlsruhe,
Germany). Colon cancer line SW480 was obtained from
the Institute of Cell Biology, Shanghai, China. Cells were
maintained in RPMI 1640 supplemented with 10% newborn
in 50 mL/L CO2 atmosphere. The
bovine serum at 37
sequence of antisense phosphorothioate oligodeoxynucleotide
(ASODN) target PLK1 was 5’-GCAGACCTCGATCCGAGCAG-3’, 20-mer[20].
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In vitro transfection with ASODN
Cancer cells were transfected with ASODN using the
oligofectamine protocol (Invitrogen). In brief, 1 d prior to
transfection, cancer cells were seeded without antibiotics
onto 24-well plates, 1×105 cells/well, corresponding to a
density of 40-50% at the time of transfection. Cancer cells
were transfected with ASODN at different doses (25, 50,
100 nmol/L). There were two control groups: control cells
were incubated with RPMI 1640 alone without ASODN
or oligofectamine. Cells were harvested 12, 24, 48, and 72 h
after the transfection. All transfections were performed in
triplicate at each time point.
Northern blot
At 12, 24, 26, 48, 72 h after transfection, total RNAs was
isolated using TRIzol according to the manufacturer’s protocol
(Invitrogen). 18 and 28 S were used as an inner standard.
Probes for Northern blots were generated by radiolabeling
using 250 µCi of [α-32 P] dCTP (6 000 Ci/mmol)
according to the Prime-a-gene labeling System’s protocol
for each reaction. Northern blotting and hybridizations
were carried out routinely.
Western blot
Protein level was determined with Western blot. At 12, 24,
26, 48, and 72 h after transfection, total protein of cancer
cells of controls and each transfected group was extracted
and protein concentration was determined. Western blot
assay was performed with routine methods.
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with ice-cold 70% ethanol and treated for 20 min at 37
with RNase A at 5 µg/mL and propidium iodide (PI) at
50 µg/mL. Subsequent analyses of cell cycle distribution
and apoptosis were performed using CELLQuest software
(BD Biosciences).
Statistical analysis
SPSS 10.0 was performed to assay the data. Data were
analyzed using SPSS. P<0.05 was considered statistically
significant.

RESUL
TS
RESULTS
Inhibition of PLK1 mRNA and protein expression by ASODN
We first tested the ability of ASODN to reduce the
endogenous level of PLK1 mRNA and protein in the SW480
cancer cell line. PLK1 mRNA and protein levels in
untransfected control cells were not significantly influenced.
Transfection with PLK1 ASODN at a concentration of
50 nmol/L led to a statistically significant loss of PLK1
mRNA at 12 h after the beginning of transfection (Figure 1).
We found that SW480 cancer cells transfected with ASODN
showed a statistically significant reduction in PLK1 protein
levels 24 h after ASODN transfection as compared with
untransfected control cells. The results showed that ASODN
could exert inhibitory effects on mRNA and protein
expression of PLK1 gene in SW480 cancer cells at 50 nmol/L.

A

Terminal deoxynucleotidyltransferase-mediated dUTP nick-end
labeling (TUNEL) assay
Terminal uridine deoxynucleotidyl nick end labeling
(TUNEL) assay was performed by using the in situ cell
detection kit (FITC) following the manufacturer’s instructions
(Roche Molecular Biochemicals). In brief, cells grown on
glass coverslips were fixed by a freshly prepared paraformaldehyde solution (4% in PBS, pH 7.4) for 1 h at room
temperature. Coverslips were then washed with PBS and
incubated in permeabilization solution (0.1% Triton X-100,
0.1% sodium citrate) for 2 min in ice. Then, 50 µL of
TUNEL reaction mixture was added on coverslips and
in the
incubated in a humidified chamber for 1 h at 37
dark. Finally, cells were mounted and examined by
microscopy as described above. TUNEL-positive (apoptotic)
cells were stained bright green. Apoptosis index (AI) was
calculated by apoptosis cells/total cell×100%.
FACScan analysis
Cell cycle distribution and apoptosis were analyzed using a
fluorescence-activated cell sorter (FACS) scan apparatus (BD
Biosciences, Heidelberg, Germany). For the determination
of cell cycle distribution, cells were harvested, washed with
PBS and probed with CycleTESTTM PLUS DNA reagent
kit (BD Biosciences) according to the manufacturer’s
protocol. For each transfection (control and different doses
of ASODN), 30 000 cells were analyzed in triplicate. The
percentage of cells in different cell cycle phases was calculated
using ModFit LT for Mac (BD Biosciences). For the
detection of apoptotic phenotypes, harvested cells were fixed

PLK1

28 S
1

2

3

4

5

18 S

B
PLK1

β-actin
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3

4
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Figure 1 Inhibition of PLK1 mRNA and protein expression by ASODN demonstrated
in Northern blot (A) and Western blot (B) analyses. Lane 1: control group; lane 25: groups treated by ASODN (50 nmol/L) after 12, 24, 48 and 72 h.

AI induced by ASODN
As shown in Figure 2, apoptosis was observed in cancer
cells transfected with PLK1 ASODN. AI increased in a
time- and dose-dependent manner. These data suggested
that ASODN could induce apoptosis of colon cancer cell
line SW480.
FACScan results
To study the apoptosis induced by ASODN, we investigated
whether PLK1 levels were associated with apoptosis in all
cancer cell lines by determining the sub-2N DNA content
with FACScan analysis. Untransfected cells contained 1.9%
cells with sub-2N DNA, transfection with ASODN was
associated with 16.5% sub-2N DNA content in SW-480
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Figure 2 AI induced by ASODN in control group (A) and PLK1 group (B).

cells. Next, we analyzed the effect of PLK1 depletion on
cell-cycle progression using FACScan. As shown in Figure 3,
no substantial change in cell cycle distribution was detected
in control (untransfected or oligofectamine-treated alone)
cells. Transfection of PLK1 ASODN induced significant
G2/M arrest 48 h after transfection with 50 nmol/L ASODN:
SW-480 cells showed a fivefold increase in the percentage
of cells in G2/M compared to untransfected cancer cells.
These data suggested that ASODN could induce apoptosis
and G2/M arrest in human colon cancer cell line SW480.

DISCUSSION
The polo family of protein kinases is an important group
of cell cycle regulators[1]. PLK1 is one of mammalian members
of this gene family. In lower organisms, members of the
polo family have been shown to control centrosomal function,
chromosomal segregation, and cytokinesis[8]. A close correlation
between mammalian PLK1 expression and carcinogenesis
was recently documented. Mammalian PLK1 was found to
be overexpressed in various human tumors[10-17]. It has been
proposed that PLK1 could be used as a novel diagnostic marker
for several types of cancers[9,19]. Furthermore, constitutive
expression of PLK1 in NIH 3T3 cells causes oncogenic
focus formation and induces tumor growth in nude mice[20].
Therefore, inhibition of PLK1 function is important for
cancer therapy.
Immunohistochemical analyses showed that PLK1 is
expressed in 78 primary colorectal cancers as well as 15
normal colorectal specimens[18]. In normal colon mucosa,
some crypt cells showed weakly positive staining for PLK1
in 13 out of 15 cases, the remaining cases being negative.
Elevated expression of PLK1 was observed in 57 (73.1%)

of colorectal cancers, which was significantly associated with
pT (P<0.0006), pN (P<0.008) and the Dukes’ classification
(P<0.0005). The results suggest overexpression of PLK1
might be of pathogenic, prognostic and proliferative importance,
and might have potential as a marker for colorectal cancer.
In this study, PLK1 is upregulated in colon cancer cell line
SW480, suggesting that PLK1 was overexpressed in colon
cancer and may play an important role in colon cancer
development and progression.
Antisense oligonucleotides can downregulate some
oncogenes associated with malignant tumor, and synthetic
oligonucleotides have been currently evaluated in clinical
trials for the treatment of cancer, inflammation, and viral
diseases[21]. Li et al.[19], tested some ASODN, ASODN 9 that
is most effective in blocking PLK1 expression in liver
carcinoma cell line HepG2. But no studies of PLKl ASODN
are available on colon cancer. In the present study, SW480
cancer cells were transfected with ASODN 9. mRNA and
protein expression of PLK1 gene could be induced significantly
by Western and Northern blot. Our results suggest that
transfection of ASODN is efficient in suppressing PLK1
expression in SW480 colon cancer cells.
After PLK1 expression was downregulated, we detected
apoptosis of cancer cells by TUNEL assay. We observed
that transfection with PLK1 ASODN significantly induced
AI in a time- and dose-dependent manner. To further
confirm the induction of apoptosis in SW480 cells was
through the activation of an apoptotic program, we detected
apoptosis program by sub-2N DNA content by flow
cytometry. It was found that sub-2N DNA content of cancer
cells transfected with ASODN increased significantly compared
with untransfected cells. Results from flow cytometry analysis
further confirmed that ASODN could induce significant
apoptosis in SW480 cells. All these data indicate that
downregulation of PLK1 expression with ASODN may
induce apoptosis in colon cancer cell line SW480.
Meanwhile, cell viability was significantly decreased in
cells after ASODN treatment as compared with untreated
controls, suggesting that apoptosis may be related to
inhibition of SW480 colon cancer cell line.
In addition, we examined the cell cycle distribution changes
in ASODN-transfected SW480 cells by flow cytometry.
Forty-eight hours after transfection with ASODN, SW480
cancer cells showed a stronger G2/M arrest compared with
control cells.
In conclusion, targeting PLK1 expression using ASODN
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Figure 3 Effect of ASODN on cell cycle distribution of cancer cells. A: Control; B: Treatment cells; C: Cells in G2/M.
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may hold promise as one of the effective therapies for
colon cancer. It is hoped that application of this strategy in
clinic may improve the efficacy of treatment of patients
with colon cancer.
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Abstract
AIM: To investigate the clinical characteristics of fulminant
hepatitis in pregnancy.
METHODS: We compared and analyzed the etiology,
clinical characteristics, and laboratory examinations of 25
cases of fulminant hepatitis in pregnancy and 30 cases of
fulminant hepatitis not in pregnancy.
RESULTS: HBV infection and chronic fulminant hepatitis
were most common both in the pregnant and in the
non-pregnant groups. Jaundice, digestive tract symptoms,
increase of bilirubin and thrombinogen activity were
the main manifestations. The incidence of hepatic
encephalopathy (HE) and hepato-renal syndrome (HRS)
was significantly different between the two groups. The
incidence of preterm labor, dead fetus and neonatal
asphyxia was high.
CONCLUSION: Fulminant hepatitis is likely to occur in late
pregnancy with more severe complications, which significantly
influences maternity, perinatal fetus, and newborn.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Fulminant hepatitis (FH) refers to a kind of severe clinical
type of hepatitis characterized by acute onset, fast
progression, complicated manifestations and poor prognoses.
The average mortality rate of FH in our country is over

60%. Hepatitis A virus (HAV), hepatitis B virus (HBV),
hepatitis C virus (HCV), hepatitis D virus (HDV), hepatitis
E virus (HEV), transfusion transmitted virus (TTV), herpes
simplex virus (HSV) and cytomegalo virus (CMV) can all
lead to FH, with HBV being the commonest cause
(accounting for about 85%). The basic pathologic changes
are massive necrosis and degeneration of hepatocytes. The
main clinical manifestations are icteric sclera and
xanthochromia, hypodynamia and loss of appetite, nausea
and vomiting. Bilirubin increases to more than 171 mmol/L,
prothrombin time (PT) decreases to less than 40%,
progressive shrinkage of liver, significant deterioration of
liver function, deviation of enzyme and bilirubin, and
inversion of albumin/globulin ratio. The severe complications
include hepatic encephalopathy (HE) and hepato-renal
syndrome (HRS). The incidence of FH in pregnancy (FHP)
is 66 times that of patients not in pregnancy[1]. The former
is more dangerous with a significantly higher incidence of
dead fetus, preterm labor and neonatal asphyxia because
of interactions of pregnancy and liver disease. It is also
among the major causes of maternal and perinatal death
and is still left to be solved in the field of liver disease.
We compared 25 cases of FHP and 30 cases of FH
not in pregnancy (FHNP) retrospectively to enhance our
knowledge about FHP.

MA
TERIALS AND METHODS
MATERIALS
A total of 55 female reproductive-age patients who met
the clinical diagnostic criteria approved by Chinese Medical
Association (2000, Xi’ an)[2] were admitted in our hospital
from January 1993 to February 2004. In the FHP group,
there were 25 cases aged from 23 to 37 years, with an
average age of 26.7±3.8 years. There were 30 cases in the
FHNP group, aged from 18 to 39 years, with an average
age of 28.1±5.6 years. There were no significant differences
in age distribution (t = 1.053, P>0.05), etiology and clinical
classification (P>0.05) between the two groups.
In the improved FHP group, there were eight cases of
primipara and three cases of multipara with an average
gestational period of 29.8±6.3 wk. Four cases were simple
virus infection, four cases had co-infection and three cases
had infection of unknown causes. In the death group, there
were 10 primipara and 4 cases of multipara with an average
gestational period of 30.6±7.0 wk. Nine cases were simple
virus infection, one case had co-infection and four cases
had infection with unknown causes. There was no significant
difference between the two groups in general conditions.
We compared the etiological markers, clinical groups,
symptoms and signs, complications, biochemical indices,
B-ultrasonography and pregnancy outcomes. The results
were analyzed by “t test”, “χ2 test”, “fidelity rate test” and
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Table 1 Laboratory findings of FHP group and FHNP group (mean±SD)
Items

FHP group

FHNP group

Glutamate–pyruvate transaminase (ALT, U/L)

424.05±285.12

747.04±621.23

1.996

>0.05

Glutamic–oxalacetic transaminase (AST, U/L)

436.92±304.52

534.93±525.73

1.657

>0.05

0.89±0.96

1.32±1.56

1.201

>0.05

–2.716

<0.05

ALT/AST
Alkaline phosphatase (ALP, U/L)

199.42±101.02

142.23±50.03

t

P

Total bilirubin (Tbil, µmol/L)

403.11±162.32

460.54±246.45

0.998

>0.05

Direct bilirubin (Dbil, µmol/L)

240.05±111.69

230.44±112.85

–0.316

>0.05

Bile acid (TBA, µmol/L)

105.92±72.17

205.96±37.20

3.053

<0.05

28.00±4.45

33.49±5.92

3.818

<0.05

1.70±0.75

1.91±1.00

0.838

>0.05

Serum albumin (ALB, g/L)
Cholesterol (CHOL, mmol/L)
Cholinephospholipid (CHE, U/L)
Blood glucose (GLU, mmol/L)
Blood urea nitrogen (BUN, mmol/L)
Creatinine (Cr, mmol/L)
Serum calcium (Ca, mmol/L)

3 132.55±983.57
3.03±1.50

3 885.81±1 510.60

1.490

>0.05

5.25±3.82

2.728

<0.05

9.66±9.07

4.34±4.02

–2.888

<0.05

230.99±205.46

60.55±37.47

–4.459

<0.05

2.00±0.24

Alpha-fetoprotein (AFP, ng/mL)

186.11±135.74

2.14±0.21
456.47±1 374.12

2.100

<0.05

0.805

>0.05

Blood ammonia (NH3, µmol/L)

92.05±55.39

127.71±83.30

1.263

>0.05

PT (s)

43.93±43.66

44.10±26.32

0.018

>0.05

PTA (%)

25.33±12.30

20.81±9.44

–1.513

>0.05

“sum of ranks test” through SPSS software. P<0.05 was
considered statistically significant.

RESUL
TS
RESULTS
Etiological markers
The infection rate of HBV was 68% (17/25), HDV 4%
(1/25), HEV 24% (6/25) and unidentified type 28% (7/25)
in the FHP group. The infection rate of HAV was 3.3%
(1/30), HBV 63.3% (19/30), HEV 20% (6/30) and
unidentified type 20% (6/30) in the FHNP group. There
was no significant difference in etiology between the two
groups (χ2 = 3.249, P>0.05).
Clinical groups
In the FHP group, there were 7 cases of acute FH, 3 cases
of sub-acute FH, and 15 cases of chronic FH. In the FHNP
group, there were 4 cases of acute FH, 5 cases of sub-acute
FH, and 21 cases of chronic FH. There was no significant
difference between the two groups (χ2 = 1.879, P>0.05).
Hepatitis history
Seven cases had hepatitis history in the FHP group and
four died. While 17 cases had hepatitis history in the FHNP
group and 8 died. There was a significant difference in
hepatitis history between the two groups (χ2 = 4.556, P<0.05).
Clinical manifestations
The main clinical manifestations of FHP were icteric sclera
and xanthochromia (100%), yellow urine (100%), hypodynamia
and loss of appetite (96%), nausea and vomiting (64%),
abnormal behavior (44%), edema of lower limbs (40%),
fever, abdominal pain, oliguria (24%), abdominal distention
(16%), tarry stools (12%), skin pruritus, gingival bleeding,
and loss of weight.
We compared the clinical symptoms of the two groups
and found no significant differences except for abdominal
distention (P>0.05).

Laboratory findings
Between the two groups, there were significant differences
in such indices as alkaline phosphatase (ALP), bile acid
(TBA), serum albumin (ALB), blood urea nitrogen (BUN),
creatinine (Cr), blood glucose (GLU) and serum calcium
(Ca, P<0.05). In the FHP group, ALP, BUN, Cr were higher
while TBA, ALB, GLU, and Ca were lower (Table 1).
B-ultrasonography
In the FHP group, 1 case had liver enlargement, 9 cases
liver shrinkage, 15 cases spleen enlargement, 15 cases ascites,
and 3 cases had no B-ultrasonography results. In the FHNP
group, 2 cases had liver enlargement, 6 cases liver shrinkage,
18 cases spleen enlargement, 16 cases ascites, and 2 cases
had no B-ultrasonography results. There were no significant
differences in B-ultrasonography results between the
two groups (χ2 liver = 1.190, χ2 spleen = 0.000, χ2 ascites
= 0.246, P>0.05).
Complications
The most common complication was HE (76%). Others
were HRS (64%), peritonitis (56%), hemorrhage (56%),
and pulmonary infection (16%). Compared to the FHNP
group, there were significant differences in the incidence
rates of HE, HRS and hemorrhage (P<0.05). Complications
were more likely to develop in the FHP group (Table 2).

Table 2 Comparison of complications between FHP group and
FHNP group
FHP (n = 25, %)

FHNP (n = 30, %)

χ2

P

Peritonitis

14 (56)

13 (43.3)

0.875

>0.05

HE

19 (76)

15 (50.0)

3.905

<0.05

HRS

16 (64)

4 (13.3)

15.128

<0.01

13.221

<0.01

Complications

Hemorrhage

14 (56)

1 (3.3)

Pulmonary infection

4 (16)

4 (13.3)

0.000

>0.05

DIC

6 (24)

0 (0)

5.801

<0.05
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Gestational period of FHP onset and pregnancy outcome
Onset of FHP in 25 cases was all in middle (28%, 7/25) or
late pregnancy (72%, 18/25).
Two cases had spontaneous abortion, five cases dead
fetus, six cases preterm labor, seven cases term labor, and
four cases had no labor in our hospital. One patient died
before labor. The incidence rate of preterm labor and
neonatal asphyxia was 33.3% (6/18) and 27.7% (5/18),
respectively.

DISCUSSION
HBV infection is the most common cause of both FHP
and FHNP, because China is an area with a high incidence
of HBV infection[4,5]. It was reported in national epidemiologic
survey from 1992 to 1995 that 9.57% of Chinese are
hepatitis B surface antigen positive[4]. While the carrier state
of HBV infection may be the underlying cause of chronic
liver diseases[6-8]. Once triggered, massive liver necrosis or
FH will occur. In our study, chronic FH was most common
both in FHP group (60%, 15/25) and in FHNP (70%,
21/30). During pregnancy, the vigorous metabolism puts
heavy burden on liver and makes it hard to recover[9,10].
Infection with HBV during pregnancy is more likely to lead
to FH with a fast progression.
The onset of FHP is more rapid, which can develop
during the whole pregnancy, and most common during late
pregnancy [11] due to heavy burden in late pregnancy[12].
Because of the interaction between pregnancy and hepatitis,
severe immune response and damage caused by multi-factors,
a large number of liver cells will undergo necrosis in a short
period. Therefore, the conditions of FHP can aggravate
very quickly and complications are more likely to develop[13].
In our study, the main clinical manifestations were as follows:
extreme hypodynamia, digestive tract symptoms such as
loss of appetite and frequent vomiting, yellow urine, icteric
sclera and xanthochromia, liver shrinkage, hepatic odour and
early stage of ascites. Whereas abdominal distention was
rare, which may be due to the insensitiveness caused by
enlarged uterus, HE was most common. The incidence of
other complications, such as hemorrhage[14,15] and HRS[16]
was significantly higher in the FHP group [17-20], and
influenced the prognoses of FHP[21,22], especially postpartum
hemorrhage and disseminated intravascular coagulation
(DIC)[21,23-25], suggesting that postpartum hemorrhage and
DIC are common death causes of FHP.
Bilirubin rose, PT prolonged, prothrombin activity (PTA)
decreased, hypoproteinemia occurred, albumin/globulin
reversed and cholesterol–enzyme separated. Between FHP
and FHNP, there were significant differences in ALP, TBA,
ALB, BUN, Cr, GLU, and Ca (P<0.05). Since ALP can be
produced not only by liver, but also by placebo, ALP is
higher in FHP than in FHNP and returns to normal after
labor. During pregnancy, progesterone can suppress smooth
muscle to weaken gallbladder contractions and relax bile
tract smooth muscle. Evacuation of gall bladder is longer,
thus leading to cholestasis. Less TBA is discharged, causing
decrease of TBA in blood. During pregnancy, the
metabolism is high, serum protein and storage of glucogen
reduced, while the blood volume increased. Therefore
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hypoproteinemia and hypoglycemia are more notable than
in FHNP. The fetus in pregnancy needs calcium for
development of bones, causing increase of Ca in maternity,
meanwhile, ALB and protein-bound Ca decrease. The
incidence of higher BUN and Cr is caused by the development
of HRS in FHP.
The main dangers of FHP are fetal malformation, preterm
labor, abortion, dead fetus in uterus and stillbirth. The
incidence of fetal distress and perinatal death is higher[26].
In our study, such labor outcomes as dead fetus in uterus
(20%, 5/25), preterm labor (33.3%, 6/18) and fetal distress
(27.7%, 5/13) were significantly higher in FHP group. In
normal pregnancy, the incidence of preterm labor is 5-15%
and asphyxia is 3-10%[1]. In FH, there are metabolic disorders
all over the body and insufficient energy generation, blood
and oxygen supply through placenta. Accordingly, fetal
distress, fetus death in uterus and preterm labor are likely
to develop, increasing the rate of perinatal distress and
mortality.
In order to decrease maternal and perinatal death rate
and increase obstetrical quality, we should recognize FHP
comprehensively to the make right diagnosis and treat FHP
in its early stage.
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Abstract
AIM: To understand the correlation of serum cholinesterase
(CHE) activity with gastric cancer and to assess their clinical
significance.
METHODS: The velocity method was adopted to detect
the activity of serum CHE in patients with gastric cancer
and in patients with non-malignant tumor as controls.
RESULTS: The serum CHE activity in the treatment group
was significantly lower than that in the control group
with a very significant difference between the two groups
(83.3:113.1,P = 0.0003). Age was significantly associated
with the incidence of gastric caner.
CONCLUSION: Serum CHE activity has a close relation
with the incidence of gastric cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
CHE is a type of glycoprotein[1-4], existing in vivo in multiple
forms of isozyme[5-7]. The decrease of serum CHE activity
is often observed in patients with organic phosphorus
poisoning[8] and damage of parenchymal cells[9-12]. In clinical
practice, we have discovered that there is a decrease of
serum CHE activity in patients with gastric cancer. This
study aimed to detect the serum CHE activity in patients
with gastric cancer, and to observe the correlation of serum
CHE activity with the incidence of gastric cancer.

MA
TERIALS AND METHODS
MATERIALS
Subjects
The treatment group included 81 patients (61 males and
20 females aged 30-80 years with an average age of
58.8±12.0 years) with gastric cancer hospitalized from
January 1998 to June 2002. The disease was confirmed by
gastroscopic examination and/or pathological examination.
Clinical and pathologic classifications followed the General
Rules for Gastric Cancer Study in Surgery and Pathology
in Japan. The control group included 80 patients (44 males
and 36 females) with non-malignant tumor hospitalized
during the same period. Their age ranged 26-86 years with
an average age of 57.7±15.3 years. Patients with organic
phosphorus poisoning or damage of parenchymal cells
were excluded.
Methods
All the patients were fasted for more than 12 h, then venous
blood was taken. After centrifugation, serum was subjected
to detection on the same day. Serum CHE activity was
measured by the velocity method with Hitachi 7170 full
automatic biochemical instrument and Hitachi 7170 special
reagent. The normal reference value was 75-217 µkat/L.
Statistical analysis
All the data were fed into a computer. The SPSS10.0
software package was employed for analysis and processing.
The chi-square test was conducted. With the CHE difference
between the gastric cancer group and the control group,
F test was adopted. For the purpose of reviewing the relation
between sex, age and CHE, the multi-factor regression
analysis was conducted with respect to the above three
factors. The statistical significance level was defined as <0.05
with two-sided detection.

RESUL
TS
RESULTS
Serum CHE activity in gastric cancer
The age of the gastric cancer group and control group both
expressed abnormal distribution with the mid-value being
60.5 and 61.5 years respectively. The χ2 was performed
(χ2 = 22.265, P = 0.0002), suggesting that the age distribution
in the two groups was overbalanced. The result from the
χ2 detection for the sex distribution was χ2 = 25.138 and
P = 0.0003, showing that the sex distribution in the two
groups was out of balance as well. Tables 1 and 2 respectively
show the co-variance analysis results.
The age and nature of gastric cancer patients had a
linear correlation with the CHE level (r = 0.8, P = 0.031),
suggesting that the difference in CHE level between gastric
cancer patients and controls was significant (F = 79.069,
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P = 0.0004). The serum CHE level of gastric cancer patients
(81.6±31.5 µkat/L) was significantly lower than that in the
control group (114.8±30.8 µkat/L), indicating that age was
also an important factor affecting the incidence of gastric
cancer (F = 18.481, P = 0.0003).
With the age distribution, χ2 was performed (χ2 = 5.281,
P = 0.383), showing that the age was evenly distributed. In
gastric cancer patients and controls, CHE had a normal
distribution and the variance was in order. Therefore,
single-factor variance analysis could be made. The average
value, standard deviation and single-factor variance are listed
in Tables 1 and 2.
The difference in CHE levels of the two groups was
significant (F = 29.884, P = 0.0006). The serum CHE level
in gastric cancer patients (85.0±34.5 µkat/L) was significantly
lower than that in the control group (111.4±25.8 µkat/L,
Figure 1).

CHE level (µkat/L)

Male gastric cancer

Group

Male

Gastric cancer
Control
Female Gastric cancer
Control

n

Average

61
44
20
36

81.6
114.8
85.0
111.4

77.2
108.9
76.2
106.2

86.1
120.6
93.9
116.7

Table 2 Covariance analysis results of CHE in gastric cancer patients
and controls
Sex

Variation source

Df

Mean square root

F

P

Within group
Age (yr)
Between groups
Error
Total
Female Within group
Age (yr)
Between groups
Error

1
4
1
79
85
1
3
1
61

849 712 857.157
6 116 906.471
261 709 135.862
3 309 902.711

256.718
18.481
79.069

0.000
0.000
0.000

93 519 230.733
732 546.506
3 129 425.453
430 763.233

29.884
16.372
54.081

0.000
0.000
0.000

Total

66

Male

Female gastric cancer
Female control

DISCUSSION
Cholinesterase can be divided into true cholinesterase
(acetylcholinesterase, ACHE) and pseudocholinesterase
(PCHE). ACHE exists mainly in the vesicles of cholinergic
nerve peripheral synapse where there is a comparatively
large amount of ACHE in the folding of the terminal
synapse back membranes. It also exists in the cholinergic
neurons [13,14] , red cells [15] , sera [16] , livers [17] , kidneys [18] ,
intestines, white mass of brain[19], etc. In the activity center
on the surface of the molecules of CHE protein, there are
two places to be combined with acetylcholine, namely the
anion place with negative charges and the place with ester
decomposition. The place with ester decomposition has an
acidic action point formed by serine hydroxide and an
alkaline action point formed by histidine imidazole ring.
They are combined by means of hydrogen bonds. PCHE
reduces when the parenchymal cells are damaged, as the
liver synthesizes PCHE[20-22]. Organophosphorus toxicant is
a powerful inhibitor of ACHE and PCHE [23-26]. Measuring
serum CHE activity can help diagnose organophosphorus
poisoning and evaluate the condition after recovery. The
results of this experiment indicate that human serum CHE
activity has a significant correlation with gastric cancer.
Anic et al.[27], discovered that the serum CHE activity in
hepatitis B patients is relatively low. Khan et al.[28], detected
serum CHE and lactic dehydrogenase (LDH) activity in
40 cases of mammary cancer patients, 25 cases of benign
tumor patients and 30 cases of healthy persons, and found
that there is a significant difference in serum CHE activity
between malignant and benign tumor patients.
If the ratio between CHE activity and serum CHE
activity is less than 0.42, the malignant source should be
considered[29]. A number of studies have been conducted
on the relation between serum CHE activity and acute
leukemia and cervical cancer[30,31].
Among the 81 cases of gastric cancer in the present
study, there were 39 cases(48.2%) whose serum CHE
activity was less than 75.0 µkat/L. Among the 80 cases of

95%Cl
Standard
error Lower limit Upper limit
31.5
30.8
34.5
25.8

Male control

Figure 1 Different CHE levels in gastric cancer patients.

Table 1 Serum CHE distribution in gastric cancer patients (µkat/L)
Sex

160
140
120
100
80
60
40
20
0

Multi-factor logistic regressive analysis
The three variables (sex, age, and CHE) were put into the
Logistic model. After being fitted with the backward method,
the final model was expressed (Table 3). The factors put
into the model were only sex and CHE. The adaptive
regressive equation was P (1) = 1/[1+e-(0.129)+2.542X1+1.006X3]
or CHE = 12.701. Therefore, after removing the influence
of other factors, the reduction of the CHE activity was a
dangerous factor for gastric cancer.
Table 3 The Logistic analysis of sex and CHE

95.0 (%) CI for exp (B)
Variable
Sex
CHE
Constant

B
1.066
2.542
16.129

SE
0.234
0.313
0.697

Wald
20.825
66.131
77.303

df
1
1
1

Sig.
0.000
0.000
0.000

Exp (B)
2.905
12.701
0.002

Lower

Upper

1.837
6.883

4.592
24.435
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controls, there were only five cases (6.3%) whose serum
CHE activity was less than 50.0 µkat/L. In the gastric cancer
group, there were 14 cases whose serum CHE activity was
less than 75.0 µkat/L. However, in the control group, there
were no such cases. The results suggest that if a patient
with gastric pathological changes whose serum CHE
activity is less than 50.0 µkat/L, sharp vigilance on the
existence of gastric cancer should be maintained after
organophosphorous poisoning and damages of parenchymal
cells, etc., are excluded.
In conclusion, the determination of serum CHE activity
is a rapid, simple, convenient, inexpensive and reliable
method to diagnose gastric cancer. Its exact mechanism
remains to be further explored.
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Abstract
Symptomatic hepato-diaphragmatic interposition of a
bowel loop or Chilaiditi’s syndrome is a peculiar anatomical
condition most often found by chance. Its described
symptoms range from intermittent, mild abdominal pain
and dyspepsia to acute intestinal obstruction. We report
a case of hepato-diaphragmatic migration of the hepatic
flexure of the colon associated to an unusual, heretofore
unreported, angina-like pain exclusively evoked by the
left lateral decubitus. To maximize the chance of observing
anatomical changes in different postures, computed
tomography of the chest and abdomen was performed
after air insufflation into the colon. While frank herniation
into the chest was excluded, the scan showed that the
hepatic flexure-with the interposition of the diaphragmcame in contact with the right side of the heart in the left
lateral, but not in the supine, decubitus. This finding was
reproduced by echocardiography which also showed
virtually unaltered hemodynamics after the change of
posture. ECG, left and right ventricular global and regional
function as well as cardiac injury markers also remained
unchanged during the maneuver, indicating that the pain
evoked by the latter was unlikely due to myocardial
ischemia. This case suggests that Chilaiditi’s syndrome
should be included among the possible, although rare,
causes of unexplained angina-like symptoms.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The radiological finding of hepato-diaphragmatic

interposition of a bowel segment, also known as Chilaiditi’s
sign, defines an uncommon and typically asymptomatic
anatomical abnormality. When associated with symptoms,
it is termed as Chilaiditi’s syndrome[1]. Although a number
of different symptoms have been attributed to this condition
they are almost always related to the digestive tract itself
such as, most commonly, abdominal pain, dyspepsia and
intestinal obstruction due to volvulus.
In the case described in this paper, the hepato-diaphragmatic
migration of the hepatic flexure of the colon was associated
with an angina-like pain, exclusively evoked by the left lateral
decubitus. The investigations conducted in our patient clearly
showed that the symptom was associated to the contact
between the heart and the intestine. Although the precise
mechanism at the basis of this phenomenon remains
unknown it is, to our knowledge, the first time that
precordial pain has been attributed to such a peculiar
anatomical condition.

CASE REPORT
A 69-year-old white male was admitted to the hospital with a
history of retrosternal oppressive pain radiating to the left arm,
mild dyspnea, and a state of prostration for the past 2 years.
These symptoms were present with the patient lying on his
left side, and subsided in the supine position and in orthostatism.
For this reason, he had been previously referred to a
cardiologist. However, an ECG failed to show overt signs
of ischemia; a stress test and a Holter monitoring were
within limits and a trial with calcium antagonists proved
ineffective. At this point, a diagnosis of anxiety/depression
syndrome was considered likely but a therapeutic trial with
benzodiazepines was without effect.
The only relevant episodes in his past medical history
were an apparent pleural effusion at the age of 18 which
spontaneously resolved; and an NSAID-related gastric ulcer
at the age of 46 which was treated with H2-antagonists with
complete healing.
On admittance, the patient was in good general condition.
He was overweight (BMI 27.5 kg/m2) but physical examination
was otherwise unremarkable. The pulse rate was 72, and
the blood pressure was 130/70 mmHg. Laboratory tests
showed increased values of ferritin (635 ng/dL), γ-GT
(75 U/L) and total cholesterol (295 mg/dL). The ECG
tracing at rest was normal. During the hospital stay, the
symptoms mentioned above took place on two separate
episodes: in each occasion they immediately subsided by
changing decubitus. The physical examination during the
crisis was unremarkable; the ECG and cardiac injury markers
remained unchanged. Cardiac involvement at this point
seemed unlikely. Since he reported, during his symptoms,
the subjective feeling of a mass moving from the abdomen
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toward the chest, subsequent studies focused on the
gastrointestinal tract.
An abdominal ultrasound showed a severe hypotrophism
of the liver with marked stretching of the intrahepatic
vessels, while the portal hilum and the gallbladder were not
identifiable at all. The general picture was not incompatible
with chronic liver disease, even in the absence of
parenchymal and focal lesions. However, liver disease
became unlikely once the diagnosis of Chilaiditi’s sign
was established by a double contrast barium enema (not
shown) and a CT scan of the abdomen which showed the
interposition of the hepatic flexure of the colon between
the right liver lobe and the homolateral rib cage (Figure 1)
while excluding frank herniation into the chest.
Subsequently, we sought a correlation between this
anatomic finding and the patient’s symptoms. To maximize
the chances of observing anatomical changes in different
postures, a CT scan of the abdomen and chest was
performed with a Toshiba Aquilion 16 Multi-Slice CT
(Toshiba AMS, Tustin, CA, USA) after air insufflation
into the colon. The latter involved an amount of air
(approximately 800 cm3) that caused mild discomfort to
the patient, roughly equivalent to the sensation provoked
by naturally occurring meteorism. The scan demonstrated

R

L

Figure 1 Axial CT scan of the abdomen. The image shows interposition of the
colon (with fecal content) between the rib cage and the liver (Chilaiditi’s sign).
The latter appears compressed and dislocated in the absence of parenchymal
and focal lesions.

A
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the close vicinity of the colon to the right side of the heart
in the supine position (Figure 2A, arrow). When the same scan
was taken with the patient lying on his left side (Figure 2B)
it showed that the colon had moved forward and medially,
coming into contact with the vena cava and the right side
of the heart. In this position, the patient complained of his
typical precordial pain. The change of posture also caused
migration of the diaphragm and its attached organs (i.e.,
the heart) toward the left side of the chest (Figures 2A and B).
At the same time, the left hemithorax anteroposterior
diameter increased, while the transverse diameter decreased
(Figures 2A and B).
Finally, the patient was subjected to multiplane transesophageal echocardiography (SONOS 5500, Philips, Best,
Holland) before and after air insufflation into the colon as
above. The latter did not produce echos different from the
exam conducted under basic conditions. However, the
change of posture from the supine (Figure 3A) to the left
lateral decubitus (Figure 3B) resulted again in frank contact
between the heart and the colon with blurring of each
other’s contours. Blood pressure, heart rate, right and left
ventricular global and regional function and oxygen
saturation remained unchanged indicating no alteration in
cardiac hemodynamics.
Thus, the mechanism provoking pain, as well as being
reversible, did not appear to involve true ischemia. In
addition, the patient refused to take surgery into consideration.
Therefore, we opted for careful observation recommending
the patient to lose weight. After 8 mo he did lose 8 kg of
body weight and his symptoms have now become much
less frequent and intense.

DISCUSSION
Hepato-diaphragmatic interposition of a bowel loop, usually
the hepatic flexure of the colon, described by Chilaiditi[2] in
1910, is a peculiar anatomical condition most often found
by chance. When associated with symptoms-usually from
mild abdominal pain and dyspepsia to acute intestinal
obstruction-it is termed Chilaiditi’s syndrome[1].
Congenital anatomical abnormalities such as colonic

B

16.29 cm

14.37 cm
26.71 cm

24.70 cm

Figure 2 CT scan of the chest after air insufflation into the colon. A: Supine
position: the arrow shows the close vicinity of the hepatic flexure (asterisk) to
the right side of the heart with the interposition of the diaphragm. However, the
pericardium and the intestinal wall are clearly demarcated. The left hemithorax
appears symmetrical compared to the right one; B: Left lateral decubitus: upon
changing position the colon moves forward and medially, coming into contact
with the vena cava and the right side of the heart (arrow). Compared to the

supine position, the left hemithorax anteroposterior diameter is increased while
the transverse diameter is decreased. This phenomenon may, at least in part,
be associated to partial migration of the diaphragm and its attached organs and
vessels toward the left side of the chest. This is also underlined by the change
in the position of the heart in this radiogram in relation to the broken line (drawn
from the sternum to the vertebra) compared to the radiogram in Figure 1. In this
posture the patient complained of his typical precordial pain.

Sorrentino D et al. Chilaiditi’s syndrome and precordial pain
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Figure 3 Multiplane trans-esophageal echocardiography after air insufflation
into the colon. A: supine position; B: left lateral decubitus. Confirming the CT
scan findings, the change of posture resulted in frank contact (arrow) between
the heart and the colon with blurring of each other’s contours. However, blood

pressure, heart rate and oxygen saturation remained unchanged during the
maneuver, indicating no alteration in cardiac hemodynamics. (RV: right ventricle;
S: interventricular septum; C: air space corresponding to the colon).

elongation and laxity of colonic and hepatic suspensory
ligaments have been postulated as the principal predisposing
factors[3]. Other predisposing situations can be acquired such
as an enlarged lower thoracic outlet (e.g., in pregnancy,
emphysema, and cirrhosis with ascites), or organ shrinkage
(e.g., atrophic cirrhosis of the liver)[4]. Fat deposition between
the liver and the colon, in obese individuals, widens the
space between the two organs and can also favor the
migration of the colon[5].
The case of Chilaiditi’s syndrome reported in this paper
is peculiar with regard to its symptoms angina of like pain
with left arm irradiation and their likely origin, i.e., the motion
of the colon into the chest. Although a case of right rib cage
pain has been attributed to Chilaiditi’s syndrome[6] the latter
has never been causally associated to precordial pain.
Our patient had a few known predisposing factors for
the migration of the hepatic flexure, i.e., he was overweight
and, likely, had an abnormally thin and lax diaphragm. In
addition, he had a hypotrophic liver even though the latter
could have been a consequence rather than the cause of
his bowel displacement.
Guided by the absence of cardiologic abnormalities and
by the patient’s subjective feeling of a moving abdominal
mass, we made an initial diagnosis of Chilaiditi’s sign by
barium enema and CT scan. We then elected to perform
both CT scan and cardiac ultrasound after air insufflation
into the colon to study in detail the expected anatomical
changes associated with the patient’s symptom. It should be
emphasized that the amount of insufflated air was small
and only produced a typical subjective feeling of meteorism.
Although the colon (with the interposition of the diaphragm)
was very close to the heart in the supine position (Figures
2A and 3A) it was in the left lateral decubitus, that the two
organs clearly touched each other and the heart moved to
the left of the chest (Figures 2B and 3B). Since the ECG,
the cardiac function and the cardiac enzymes remained
within limits during the maneuver, it is unlikely that the pain
originated from true cardiac ischemia. Blood pressure, heart
rate, and oxygen saturation also did not change. Indeed,
cardiac hemodynamics were not expected to be affected
since the pressure inside the heart chambers far exceeds

that inside the colon. Thus, it is possible that the pain felt by
the patient, concomitant to the migration of the hepatic
flexure, was simply due to the transient stimulation of cardiac
nervous fibers or to the internal compression of the chest
or to overstretching of the major vessels-including the
aorta and vena cava, or to a combination of these last two
factors[7]. Indeed, the CT scan showed a movement of the
heart with the diaphragm toward the left side of the chest
upon changing position (Figures 2A and B). This partial migration
might have caused the hypothetical stretching of the vessels as
well as (at least in part) the change in the anteroposterior and
transverse diameters of the left hemithorax.
Based on patient’s choices and given the apparent absence
of a life threatening situation, we did not recommend surgery
but only careful observation and weight loss. Indeed, losing
weight has gradually decreased the frequency and intensity
of the patient’s symptoms.
In conclusion, we have shown a case of Chilaiditi’s
syndrome presenting with an unusual symptom-precordial
pain-associated to the unusual contact between the colon
and the heart and the movement of the heart to the left of
the chest. Hence, Chilaiditi’s syndrome should be included
among the possible, although rare, causes of unexplained
angina-like symptoms.
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Liver alveolar echinococcosis in China: Clinical aspect with relative
basic research
Ci-Peng Jiang, McManus Don, Malcolm Jones

were mistaken as liver cancer. In order to improve the
diagnostic level of AE, a review is comprehensively
introduced as follows.

Abstract

Figure 1 Adult of E. multilocularis.

This paper deals with all aspects of liver alveolar echinococcosis (AE) including epidemiology, pathology, clinical
manifestations, imaging examinations, diagnosis and
differential diagnosis, surgical treatment and chemotherapy.
The review is not only based on personal clinical experiences
but also in combination with relative basic research such
as proliferation and growth of alveococcus, preclinical
studies of a novel compound extracted from TCM for
treatment of liver AE, and molecular immunology used
for specific AE diagnosis, etc.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Echinococcosis is a parasitic zoonosis, consisting of cystic
echinococcosis (CE) and alveolar echinococcosis (AE). These
two types differ in parasitology, epidemiology, pathology,
clinical aspects, treatment and prognosis. They are respectively
caused by the larval stage of Echinococcus granulosus (Eg) and
E. multilocularis (Em) (Figure 1). Over one hundred years,
the disease had been misdiagnosed as liver colloid cancer.
The cause of AE was not confirmed until 1856. In China,
liver AE was reported respectively in Ningxia, Xinjiang
autonomous regions and Gansu Province during 1950s to
1970s[1-3]. Up to now, at least one thousand cases of AE
have been reported throughout China, but most of them
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EPIDEMIOL
OG
Y
EPIDEMIOLOG
OGY
Em needs two mammalian hosts for completion of its life
cycle. They are respectively called the definite host, arnivore
and the intermediate host, mainly rodents. Proglottid
containing eggs or free eggs are excreted in the feces of the
definite hosts, e.g. dog or fox. Once eggs are ingested by
the intermediate hosts including rodents and human beings,
AE may occur in liver or other organs. In China, fox, dog
and wolf have been found to be as definite hosts and a few
species of the rodent such as Citellus dauricus, Myospalax
fontanieri, Microtus brandti, were confirmed to be as
intermediate hosts. Human body affected by AE is chiefly
due to contacting the animals: fox, dog, or occasionally cat.
Especially, ladies, herdsmen and hunters are higher risk
populations. AE has been found mainly in the west of China
including eight provinces or autonomous regions (Figure 2)[4].
Gansu province
During a period from 1985 to 2000, of 89 AE cases
originating from Gansu Province, 63 came from Zhang
County, which may be considered as a hyper-endemic area[5].
In the three neighbouring counties of central eastern Gansu
(Figure 3), human AE epidemiological surveys were
conducted four times respectively in three counties [6-9]
(Table 1). The results of comparative analysis showed that
the prevalent rate was higher in Zhang County and Ming
County than in Lintao County. Factors were also investigated
regarding natural geographical condition, local climate,
parasitic life cycle, and our experimental study[10].
Xinjiang uygur autonomous region
AE was more common in northern Xinjiang with a total of
100 cases.
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Xinjiang
Heilongjiang
Xinjiang
Gansu

Qinghai

Inner Mongolia
Gansu

Inner
Mongolia

Ningxia Beijing

Qinghai
3
Lanzhou Ningxia
Alveolar echinococcosis in Gansu
4
1 Zhang County
1
2 Ming County
2
3 Jinyuan
4 Lintao
Sichuan

Tibet
Sichuan

Figure 3 AE endemic counties in central eastern Gansu. (1) Zhang County,
(2) Ming County, (3) Lintao, (4) Jinyuan.

Figure 2 Distribution of AE in eight provinces in west China.

Table 1 Human AE epidemiological survey in three counties of central eastern Gansu
Positive rate of immuno-test(%)
Yr

County

Persons investigated
Intradermal test

1986 [6]

Zhang County

380

1992 [7]
1998 [8]

Zhang County
Ming County

1 312
1 200

2003 [9]

Lintao

1 071

Ningxia Hui autonomous region
Distribution of AE was limited to a specific endemic area,
and chiefly found in Xi Hai Gu’s three Counties which were
situated bilaterally along branches of Liupan Mountain. In
1989 during human ultrasonic investigation in Xiji County,
AE morbidity was 5.9%(141/2 389). The positive rate by
ELISA was 5.8%(138/2 389). In 2003, 263 cases of AE in
the past 17 years were followed up in Xiji, of whom the
positive rate of intradermal test was 90.2%(174/193) and
ELISA in 137 patients were all positive[11].
Qinghai province
Until 2000,1 748 cases with echinococcosis were reviewed
and 143 of them belonged to AE (8.3%). Another survey
was made in 3 702 individuals, of whom 23 (0.62%) were
ultrasonically diagnosed as liver AE. The distribution of AE
appeared with a scattered tendency. During an investigation
of human AE in three counties under the jurisdiction of
Qingnan plateau, the average morbidity was 0.35%. From
1959 to 1998, 111 cases of AE were surgically treated[12].
West Sichuan province
AE severely affected three counties of Ganzi, Shiqu, and
Seda. According to investigations of 3 998 individuals in
Ganzi and Shiqu from 1997 to 1998, AE morbidity was 7.
78% and 2.33% respectively.
Tibet autonomous region
In 1993, 12 cases of AE originating from Larsa and three
prefectural hospitals of Naqu, Shannan, and Changdu were
discovered surgically and pathologically.
Inner Mongolia autonomous region
Although animals of definite host and intermediate host

ELISA

Ultrasonic
morbidity(%)

2.8
2.2

5.0
5.6

19.2

1.8

2.4

0.7

were found in Hulunbeier grassland in 1988, the patient of
AE was not clinically reported until 1998[13].
Heilongjiang province
Two scattered patients of liver AE were identified surgically
and pathologically. One of them was a native of Nahe
County[14] and another case was from Jiamusi city[15].

PROLIFERA
TION AND GROWTH OF
PROLIFERATION
AL
VEOCOCCUS AND HISTOGENESIS OF
ALVEOCOCCUS
PROTOSCO LEX
Proliferation and growth of alveococcus is very significant
as it bears practical relation with clinical aspects especially
chemotherapy. As early as in 1950s to 1980s, a few Euroamerican authors[16-21] observed the proliferation and growth
phenomenon of experimental alveococcus respectively in white
mice, cotton mice, and jirds (Meriones unguiculatus). Our study
was partially carried out microscopically on the pathological
sections of human AE[22]. Two modes of proliferation were
found, i.e. endogenous budding and exogenous budding
(Figure 4). The former (Figure 4A) was characterized by
internally protrusive hyperplasia from the mother alveolar
wall into the alveolar cavity and then proliferation extending
continuously to reach the opposite wall of the cavity. So,
septum-like budding was named. Sometimes two or more
proliferative sites on the alveolar wall propagated simultaneously
into the cavity in opposite directions, and mingled with each
other to form a septum dividing the mother to form two or
more small alveoli (Figure 4B). Externally protrusive
proliferation occurred at one or several sites of the mother
alveolar wall, producing single or multiple daughter and
granddaughter alveoli under the name of exogenous budding
(Figure 4C). These two buddings may coexist not only in one
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Germinal membrane
Cuticular layer
D Daughter alveoli
G Grand daughter alveoli
M Mother alveolus
Figure 4 Modes of proliferation. A: Endogenous budding of alveococcus
(HE stain ×200). Arrow: Septum; B: One mother alveolus (left lower side)

A

D

H

B

E

C

F

G

dividing into four daughter alveoli (HE stain ×400); C: Exogenous budding of
alveococcus (HE stain ×400); D: Model of alveococcus exogenous budding.

A

C

B

D

I
Figure 6 Histogenesis process of brood capsule of liver AE protoscolex in Mus
musculus (HE stain ×200 ). A: local hyperplasia of alveococcus wall into the
cavity, looking like a reversed pocket; B: gradually approximating and finally
closing of two pocket edges; C: formation of brood capsule; D: local cellular
hyperplasia of brood capsule wall.

Figure 5 The entire process of mouse AE protoscolex histogenesis (HE
stain×200-800). A: local cellular hyperplasia of germinal membrane of
alveococcus wall; B: re-arrangement of hyperplastic cells and formation of
brood capsule; C: local cellular hyperplasia of brood capsule wall; D: elliptical
protrusion into cavity; E: mushroom protrusion; F: lingural protrusion; G: showing
rostellum and suckers of protoscolex; H: Hooklets on rostellum; I: mature
protoscolex (right: evaginated type. Left: invaginated type).

section of liver AE but also in that of metastatic lung or
brain AE and metastatic lymph node AE. To date, the
mechanism of AE proliferation and growth is not understood
completely although it has been studied for decades. In the
exogenous proliferative course of liver AE, the daughter alveoli
of 1st grade budding and the granddaughter alveoli of 2nd
grade budding were respectively named. Proliferating grade
by grade, a mother alveolus may propagate into numerous
new alveoli of multi-grades just like infiltrative dissemination
of carcinoma, or it further affects neighbouring organs such
as porta hepatis, inferior vena cava or pancreas, rendering
radical surgical operation impossible. Euzeby[21] explained that
exogenous budding was due to discontinuity of the alveolar
cuticular layer, allowing the germinal membrane to escape
from the mother alveolus (Figure 4D). As concerns the entire

process of protoscolex histogenesis, a stage of the formation
of brood capsule must be passed through. Local cellular
hyperplasia began in the wall of brood capsule, and elliptical,
mushroom-shaped or lingual protrusion protruded into the
cavity of brood capsule. After that, the protrusion gradually
developed into rostellum and suckers, finally changing from
embryonic protoscolex to mature protoscolex of evaginated
or invaginated type (Figure 5). The formation of brood capsule
expressed two modes. The first was local hyperplasia of
germinal membrane of alveococcus wall, forming cellular group.
By means of cellular rearrangement, the cells accumulated
towards the periphery and a cell-free space appeared in the
center, developing further into brood capsule[23] (Figure 5). This
is basically similar to other reports at home and abroad[19,25].
The second mode of brood capsule formation was found by
us from liver AE of Mus musculus in Zhang County, Gansu
Province[24] (Figure 6). Similar report has not been seen yet.

PATHOL
OG
Y (F
igure 7)
THOLOG
OGY
(Figure
Macroscopical appearance
The lesion was yellowish or gray and felt as firm as cartilage.
Superficially, it showed numerous noduli or minute cysts
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Figure 7 Pathology. A: A cross section of human liver AE showed alveolate
appearance; B: Types of liver AE. : Nodular type,
: Mixed type; C:
Protoscolices inside brood capsule (HE stain×100); D: Alveococcus nodule

(HE stain×200); E: Three arrows indicating metastatic bilateral lung AE; F: :
metastatic right brain AE; G: lymph node metastasis near porta hepatis (HE
stain×200). : AE. The left upper side: Metastatic lymph nodes.

without definite encapsu-lation, but with alveolate structure
on cross section (Figure 7A). It was usually classified into
three types, of which large circumscribed mass type was
more common (67.8%) and the other two were nodular
type (16.7%) and mixed type (15.5%) (Figure 7B) [26] .
The central area of alveococcus may be complicated by
coagulated necrosis due to poor blood supply.
Microscopic finding The lesion was characterized by many
alveoli with different sizes and shapes. Observation of alveolus
wall showed that the thick, acellular, laminated outer layer
looked bank-like, sometimes folding within the alveolar
cavity. The thin, germinal inner membrane lined by a singlelayer cell was usually deficient due to detachment. Brood
capsule or protoscolices were occasionally seen (Figure 7C).
The lesion may be complicated by central necrosis,
producing a cavity or pseudocyst after liquidization. In the

periphery of alveoli group it showed hyperplasia of fibroconnective tissue and cellular infiltration of eosinocytes,
lymphocytes, plasma cells and giant cells, forming a typical
alveococcus nodule (Figure 7D).
Metastasis According to a collective analysis of 270 cases
with liver AE from five provinces of China (Table 2)[27],
general metastatic rate was 3.7%(10/270). The commonest
metastatic organ was lung (4.7%)(Figure 7E) and the next
one was brain (3.3%) (Figure 7F).
Three modes of metastasis were found. The first was
direct infiltrative dissemination. The alveococcus lesion
infiltrated gradually into the liver parenchyma and formed
a large mass. The neighbouring organs outside the liver such
as the porta hepatis, diaphragm, pancreas or inferior vena
cava were further involved. The second was blood metastasis.
A small portion of detached proliferating bud, if involving
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in some cases, usually due to the impairment of liver
function or the invasion and compression of bile duct by
liver mass at the advanced stage. Extensive infiltration of
the alveococcus lesion or fibrosis caused liver cirrhosis with
subsequent portal hypertension such as the superficial
varicosity of the thoracic or abdominal wall, ascites and
splenomegaly. In case of liver AE associated with lung or
brain metastasis, the patient manifested corresponding
respiratory or neuropathic symptoms and signs.

B

Figure 8 The size of upper abdominal mass with the largest reaching the
umbilicus level. A: After external drainage of pseudocyst, the patient survived
for 23 years. B: The patient survived only for 3 years.

A

B

Figure 9 Imaging examinations. A: Ultrasonic scanning of liver AE showed a
central necrotic pseudocystic cavity, but the cystic wall was irregular; B: Liver
CT showed partial AE calcification (left) and pseudocyst (right) on the left upper
side. The patient was confirmed surgically and pathologically.

the branches of portal vein, extensively disseminated within
the liver parenchyma resulted in multiple noduli. Involving
the branches of hepatic vein, the alveococcus spread along
systemic circulation to distal organs such as lung or/and
brain. The third was lymphatic metastasis. The liver alveococcus
may spread to lymph nodes of the porta hepatis (Figure 7G),
peritoneal cavity and colonic mesentery. According to the
results of animal experiment in Japan[28], the mechanism of
metastasis was due to the detached proliferated bud, even
very small or only a few nuclei entering the blood vessels.
Nevertheless, it was incapable of causing metastasis if
protoscolices were injected into the vessels.

CLINICAL MANIFEST
ATIONS
MANIFESTA
Generally speaking, sex difference is not obvious, sometimes
males slightly outnumbered females. Most patients were
young and in robust years of their life. According to clinical
features [29], four types, i.e. simple hepatic enlargement,
obstructive jaundice, liver giant node (cancer-like) and
remote metastasis were classified. According to clinical
course, we divided AE into the early stage with only mild
hepatic enlargement, middle stage with progressive hepatomegaly
and the advanced stage associated with impaired liver
function, portal hypertension, or metastasis[30]. The main
symptom was upper abdominal mass or liver mass with
stiff and nodular feeling on palpation. The size of the mass
varied, with the smallest being not felt or only palpated
below right sub-costal margin and the largest reaching the
umbilicus level (Figures 8A and B). Another symptom was
abdominal pain, but usually not severe. Jaundice was found

IMA
GING EXAMINA
TIONS (F
igure 9)
IMAGING
EXAMINATIONS
(Figure
X-ray films
Enlargement of liver and elevation of right diaphragm were
shown on abdominal plain film. The shadows of spotted or
clustered calcification were visible in the hepatic region. But
they must be carefully observed as their appearances were
usually not distinct. If multiple shadows of bilateral lung
showed on chest film, the possibility of liver AE associated
with lung metastasis ought to be considered.
Ultrasonic scanning
In a series of 141 cases with liver AE[31], the ultrasonic features
revealed solid mass in 96 and solid-cystic degeneration in
45. The former comprised 23 cases with local type, 21 with
diffuse nodular type and 52 with large circumscribed mass
type. If the liver alveococcus was complicated by central
necrotic pseudocyst, the ultrasonic scanning showed echofree area with irregular cystic wall (Figure 9A).
Computerized tomography (CT)
Liver CT showed single or multiple, intrahepatic, hypodense
areas with irregular margin, or occasionally partial
calcification of alveococcus (Figure 9B).

IMMUNOL
OGICAL EXAMINA
TIONS
IMMUNOLOGICAL
EXAMINATIONS
As hydatid intradermal test was simple and cheap, it was
commonly used, especially in our country. Although the
sensitivity was high, false positive reaction may occur.
Therefore indirect hemagglutination test and ELISA were
reliable methods for immunological diagnosis due to their
higher specificity. Along with current advancement of
molecular immunology, purification of a specific antigen
from Echinococcus multilocularis (Em) has been successful. As
early as in 1983, Gottstein et al.[32,33], prepared an antigen
fraction (Em2) from alveococcus tissue using affinity
chromatography. Owing to a high specificity of Em2 for
E. multilocularis, a correct serological differential diagnosis
was achieved in 95% of 57 confirmed cases of human CE
or AE. However, Em2 was isolated from laminated layer
of alveococcus, a higher or lower level of antibody titer
did not reflect whether the focus was active or not. Em2ELISA test still showed positive result with a high titer even
though the focus became stable or calcified after chemotherapy.
As the protoscolex is the most active component of the
alveococcus tissues, it was used to isolate protoscolex antigens
designated as Em16 and Em18 using Western blotting in a
cooperative study between China and Japan[34]. Em18 and
Em16, especially the former showed not only a higher
sensitivity but also stronger specificity for immunodiagnosis
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Table 2 Remote metastases of 270 cases with liver AE in China
Number of cases of blood-stream metastasis (%)
Province or autonomous
region (yr)

n

Lung

Brain

Xinjiang (1985)

43

3

2

Ningxia (1991)

22

Sichuan (1994)

24

Gansu (1995)

Lung+brain

Spleen

Number of cases of lymphatic metastasis (%)
Lymph node of
porta hepatis

Lymph node of
Lymph node of
peritoneal cavity colonic mesentery

1
2

1

70

3

2

Qinghai (2000)

111

2

7

Total

270

10 (3.7)

11 (4.1)

1

1
2

2 (0.7)

2 (0.7)

1
1

1 (0.4)

2 (0.7)

1 (0.4)

of human AE. We also used the alveococcus protoscolices
for isolating Em16 and Em18 by isoelectric focusing analysis
[35]
. These protein antigens could not show the best diagnostic
value and cross reaction which possibly occurred between
AE and CE or between AE and cysticercosis[36]. In short,
molecular immunological diagnosis for human AE needs
further studies.

DIAGNOSIS
Until now, liver AE is always mis-diagnosed. To make a
correct diagnosis of liver AE, we should not ignore the past
histories of the patients. First, where did the patient come
from, AE endemic area? Next, did the patient contact dog,
cat, or fox-fur? Thirdly, what is the occupation of the patient,
fox-hunter or dog-raiser? These data would be helpful for
the diagnosis of liver AE.
DIFFERENTIAL DIAGNOSIS
Liver cancer
In our collective review of 274 cases with liver AE, the
determination of serum AFP was negative in all the
patients[27]. So it is significant for differential diagnosis of
AE. As a rule, liver AE pursues a slow, but progressive course.
It obviously differs from liver carcinoma which develops
faster or very rapidly, leading to patient death in a short
time. AFP test is a reliable differential diagnostic method.
Sometimes, gross findings of liver AE may be confused
with carcinoma on the operation table and frozen section is
necessary. When the diagnosis of liver AE is still difficult
before operation, liver needle biopsy may be considered
(Figure 10). Occasionally liver AE also needs to be differentiated
from cystic echinococcosis (CE) or some nonparasitic diseases
such as tuberculosis. If chest X-ray film showed multiple
shadows of bilateral lung or brain CT showed cerebral lesion,
it might be possible that liver AE was associated with lung
or/and brain metastasis[37]. Clinically unknown nature of
malignant tumor was always determined.
TREA
TMENT
TREATMENT
Surgical operation
The rational treatment for liver AE is radical hepatectomy
and the prognosis of the patient may be good. An individual
case had been postoperatively followed up for 21 years
without recurrence[2]. However, the rate of hepatectomy is
very low due to the difficulty of early diagnosis. According

Figure 10 Liver needle biopsy. Arrow: alveococcus (HE stain×200).

to our collective analysis of 258 cases of liver AE in China[27],
only 27(10.5%) and 16 (6.2%) had performed radical liver
lobectomy and partial hepatectomy respectively. In order to
increase the percentage of hepatectomy, an epidemiological
survey in AE endemic area is very significant to screen out
early cases. For liver unresectable case, a palliative operation
may be indicated such as surgical drainage for a large
pseudocyst in order to decompress pericystic liver tissues.
As in Figure 8A, the patient was alive for 23 years after
external drainage of liver pseudocyst.
Chemotherapy
Albendazole (ABZ) is considered by WHO as the best
anti-AE drug. Experimental studies showed that ABZ
was able to inhibit alveococcus proliferation and growth.
Considering the clinical effects, it was shown to alleviate
the symptoms, to prolong the survival, and diminish
lung or/and brain metastasis after therapy. In our 23 cases
of liver AE treated with ABZ, symptoms were improved,
appetite increased, jaundice relieved, and liver enlargement
decreased in 15 (65.2%)[38] cases. Liu et al.[39], reported that in
11 cases of liver AE followed-up for 2-7 years after
long-term continuous ABZ therapy, 7 showed calcification
on liver CT film. Thus ABZ may be lethal to the parasite.
In addition, we found a novel compound extracted from
traditional Chinese medicine, Xiao-Bao capsule for treatment
of AE. Experimental results showed that the inhibitory
rate of mouse AE was 65.7% and 80.6% respectively in two
groups of mice, i.e., 1-week and 10-weeks after innoculative
infection[40]. In our 21 cases of liver AE, symptoms improved
in 16 (76.1%)[27] cases. Both acute toxicity test in mice and
chronic toxicity test in rats showed no toxic reactions[41]. We
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postulate that combination of Xiao-Bao capsule and ABZ
would be more effective than single medication.
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Abstract
AIM: To observe the variation of DNA polymerase β (polβ)
in esophageal carcinoma.
METHODS: Thirty specimens containing adjacent normal
epithelial tissues were collected from patients in Linzhou
region (a high risk area for esophageal squamous
carcinoma) and 25 specimens were from a non-high
risk area. Total RNA was extracted from the samples
and reverse transcription polymerase chain reaction
(RT-PCR) was performed. PCR products were cloned
and sequenced to investigate the polβ gene with DNASIS
and OMIGA. Statistical significance was evaluated using
the χ2 test.
RESULTS: High-incidence area group: polβ gene variation
was detected in 13 of 30 esophageal carcinoma tissue
specimens, and only one variation was found in 30
corresponding adjacent normal tissue specimens. Non
high-incidence area group: polβ gene variation was
detected in 5 of 25 esophageal carcinoma tissue specimens,
and no variation was found in 25 corresponding adjacent
normal tissue specimens. The incidence of polβ gene
variation observed in the high-incidence area group was
significantly higher than in the non-high incidence area
group. Two mutation hot spots (454-466 and 648-670 nt)
and a 58 bp deletion (177-234 nt) were found.
CONCLUSION: Variations of polβ perform different
functions between the high-incidence areas and the
other areas, and may play a more important role in the
high-incidence areas.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Esophageal carcinoma occurs frequently in China, especially
in the mountainous Taihang area. Epidemiology and
laboratory studies suggest that the carcinogenesis and
progression of esophageal carcinoma are probably associated
with some gene mutations[1,2]. Some researches indicate that
the ability of polβ to repair DNA damage reduces in
peripheral blood of esophageal carcinoma patients and that
obvious chromosome changes occur in tumor cells [3-5].
Therefore, there must be DNA damage repair in the
development of esophageal carcinoma. However, variations
of DNA replication and repair enzymes in esophageal
carcinoma, especially the mutation of polβ is rare. Thus,
we made a preliminary analysis on the mutation of polβ in
esophageal carcinoma.
MA
TERIALS AND METHODS
MATERIALS
Specimens
High-incidence area group: Specimens of 30 esophageal
squamous carcinomas (serial numbers H1-H30) and
matched adjacent normal tissues were obtained from patients
in Linzhou region of northern China, a well-recognized
high-risk area for esophageal carcinoma.
Non-high incidence area group: Specimens of 25
esophageal squamous carcinomas (serial numbers N1-N25)
and corresponding adjacent normal tissues were obtained
from patients who underwent surgery at Cancer Hospital
of Henan Province and the First Affiliated Hospital of
Zhengzhou University.
All patients were histopathologically diagnosed to be
infiltrative squamous carcinoma cases. The tissues were
frozen in liquid nitrogen immediately after surgery.
RT-PCR
A pair of primers for PCR was designed to amplify the
total polβ gene according to the sequence of M13140 in
GenBank. Primer P1 (sense): 5’ ATGAGCAAACG GAGGGCGCCG 3’; Primer P2 (antisense): 5’ TCATTCGCTCCGGTCCTTGG 3’. The primer was synthesized by
Shanghai Sangon Co., Ltd.
Total RNA was extracted with the QIAGEN RNA
extraction kit. Five microliters of total RNA was transcribed
into cDNA using 0.2 µmol/L primer P2 , 0.2 µmol/L dNTP,
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RNasin 40 U, 1 ×buffer (Promega), and 2 U AMV in a
final volume of 30 µL. In PCR assay, the PCR reaction
mixture consisted of 1 ×PCR buffer (PE), 200 µmol/L
dNTP, 20 pmoL of each primer, 2 U of Golden Taq DNA
polymerase (PE). The mixture was pre-incubated for 5 min
for 50 s, 56
at 94 , followed by amplification at 94
for 50 s, and at 72 for 60 s, for 30 cycles. A final extension
for 7 min.
was performed at 72
DNA cloning and sequencing
The PCR products from all specimens were excised from
0.8% agarose gels, and the desired fragments were purified
using a DNA gel extraction kit (Promega). The purified
fragments were cloned into a pGEM-T plasmid vector, and
then transformed into E. coli JM109 competent cells.
Plasmid DNA was extracted from the positive clones and
sequenced using a PE 377 sequencer. The sequences were
analyzed by DNASIS and OMEGA.
Statistical analysis
Statistical significance was evaluated using the χ2 test. P<0.05
was considered statistically significant. Statistical analysis was
performed with SPSS 11.0.

RESUL
TS
RESULTS
PT-PCR analysis of whole polβ gene
In the high-incidence group, PCR products were obviously
smaller than 1 008 bp in six carcinoma specimens. The
correct length of polβ gene was obtained by amplifying the
other specimens (Figure 1).
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in the non-high incidence area group (P = 0.007, χ2 test).

Table 1 Mutation analysis of polβ in high-incidence areas
Specimen

H1
H2
H3
H4
H5
H6
H7
H8
H9
H10
H11
H12
H13
H14
H15
H16
H17
H18
H19
H20
H21
H22
H23
H24
H25
H26
H27
H28
H29
H30

Gene mutation
Carcinoma

Corresponding adjacent
normal tissue

–
–
–
660 nt A G
462 nt G T,
177–234 nt deletion
–
64 nt G C, 665 nt T C
462 nt G T, 660 nt A G,
177–234 nt deletion
–
177–234 nt deletion,
454 nt T C 466 nt G A
–
375 nt A G
177–234 nt deletion
–
–
454 nt T C, 466 nt G A
177–234 nt deletion
737 nt A T, 740 nt A G
–
–
–
462 nt G T
–
–
–
177–234 nt deletion,
660 nt A G
177–234 nt deletion
–
613 nt A T
–
–

–
–
–
–
–
–
–
660 nt A G
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

Table 2 Mutation analysis of polβ in low-incidence areas
Figure 1 RT-PCR amplification of polβ gene. Lanes 1, 2 and 7: Normal size
of PCR products of H1, H2 and H3; lanes 3-6: shorter size of PCR product of H5,
H8, H10, and H16; M: DNA marker (from top to bottom: 1 000, 900, 800, 700,
600, 500, 400, 300, 200, 100 bp).

Result of sequencing
Point mutations and deletion of polβ gene were detected in
the high-incidence area group (Table 1 and Figure 2). Overall,
polβ gene variations were found in 13 of 30 esophageal
carcinoma tissue specimens. A 58 bp(177-234 nt) deletion
was detected in six tumor tissue specimens (Figure 3). Only
one variation was found in the corresponding adjacent
normal tissue (Table 1).
Polβ gene point mutations were detected in 5 of 25
esophageal carcinoma tissue specimens, and no variation
was found in corresponding adjacent normal tissues in the
non-high incidence area group (Table 2).
The incidence of polβ gene variation observed in the
high-incidence area group was significantly higher than that

Specimen

Gene mutation
Carcinoma

Corresponding adjacent
normal tissue

N1

670 nt A G

–

N2

660 nt A G

–

N8

660 nt A G

–

N16

613 nt A T

–

N22

670 nt A G

–

Variation of amino acid caused by gene mutations
Twelve kinds of variation in the polβ gene were found in
the present study, including 11 point mutations and a 58 bp
deletion (Table 3). The translation of polβ was interrupted
due to the emergence of a termination codon at 117 nt
caused by 462 nt G T mutation. Mutations at 665, 737,
and 740 nt were synonymous mutations, which would not
change the amino acids. The other seven point mutations
caused replacement of amino acids.
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Table 3 Gene and amino acid variations in polβ
Mutation code

B
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Gene variation

1

375 nt A

G

2

454 nt T

C

3

462 nt G T

Amino acid variation

Mutation

88 nt Ile Val
114 nt Phe Ser
117 nt Glu termination

Termination

codon

mutation

4

466 nt G A

118 nt Gly Glu

5

613 nt A T

167 nt Lys Ile

6

648 nt G C

179 nt Gly Arg

7

660 nt A

G

183 nt Arg Gly

8

665 nt T

C

184 nt Gly

Gly

Synonymous
mutation

9

C

10

G

186 nt Glu Gly

737 nt A T

208 nt Pro Pro

670 nt A

Synonymous
mutation

11

740 nt A

G

209 nt Lys Lys

Synonymous
mutation

12

177–234 nt deletion

Frameshift
mutation
Termination

Figure 2 Mutations in the polβ gene. A: 660 nt A G mutation in H4 carcinoma;
B: 670 nt A G mutation in N1 carcinoma; C: 613 nt A T mutation in H28 carcinoma.

Figure 3 Comparison between wild type polβ gene fragment and

mutation

six gene fragments with deletion (177

234 nt).
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DISCUSSION
DNA polβ is one of the four recognized, vertebrate, cellular,
DNA polymerizing enzymes. Two features of polβ from
various species may play a key role. First, the structure of
polβ is highly conserved from the standpoint of both
polypeptide size and amino acid sequence. Second, in
cultured mammalian cells, the level of polβ enzymatic activity
is low and independent of cell-cycle stage[6,7]. Hence, polβ
is considered as a constitutively expressed “housekeeping”
enzyme required for DNA metabolic events other than
replicative synthesis of genomic DNA. DNA synthesis
during DNA repair and recombination are examples of
such events, and the idea that polβ is involved in some
types of DNA repair is supported by various studies with
DNA polymerase inhibitors[8-11]. Recent observations have
shown that the variation of polβ occurs in some tumors
such as colorectal carcinoma, bladder carcinoma, breast
carcinoma, prostate carcinoma and non-small cell lung cancer.
The variation rate is particularly high in colon carcinoma,
being more than 80% (5/6)[12-17,20]. Some studies indicate
that the accumulation of proto-oncogene and tumor
suppressor gene variations perhaps leads to tumor. However,
the initial molecular defects causing accumulated mutations
and inducing cancer are not well understood. Interestingly,
there is a higher mutation rate of polβ, p53 and ras in
colorectal carcinoma. A genetic disease, xeroder ma
pigmentosum, is associated with ERCC, a kind of DNA
repair gene[18-21], and these patients are more susceptible to
skin carcinoma[22,23]. The above findings suggest that there
is a correlation between human tumors and the damage,
maladjustment and defects in the DNA repair system.
The present results showed that some mutations, such
as 462 nt G T and deleting 177-234 nt, could lead to the
abnormal amino acid of polβ followed by abnormal protein
structure and lack of DNA repair activity. From the
histopathological diagnosis, we found that cancer cells
involving the two mutations were more malignant. In
addition, there were three synonymous mutations at 665 nt
(T G), 737 nt (A T) and 740 nt (A G), which may be
the single nucleotide polymorphism (SNP)[24-29].
Polβ gene variation in the high-incidence area group was
detected in 13 of 30 esophageal carcinoma tissue specimens.
The mutation rate of this group was 43.3%. Polβ gene
variation in the non-high incidence area group was found in
5 of 25 esophageal carcinoma tissue specimens, and the
mutation rate was 20%. Thus, there was a significant
difference in mutation rates between these two groups
(P<0.05). Twelve types of polβ gene variation were found
in high-incidence area, but only three types were found in
the non-high incidence area, suggesting that damage of the
DNA repair system via alteration of this gene may
contribute to the development of esophageal carcinoma,
and that polβ may play a more important role in the
high-incidence area.
By analyzing the variation site of polβ, we found that
three point mutations were located in one region (454-466 nt),
and four point mutations were located in another region
(648-670 nt). The two regions are probably the mutation
hot spots of the polβ gene of esophageal carcinoma. Moreover,
the deletion of 58 bp was found in 6 of 20 specimens

4621

from the high-incidence area (31.6% frequency), but was
not found in the non-high incidence area. Hence, this deletion
may be one of the main variations of polβ gene in esophageal
carcinoma. Our results prove that polβ mutations do exist
in esophageal carcinoma, and are probably correlated to
the development of esophageal carcinoma.
It is suggested that during such genetic evolution, the
DNA repair system plays an important role in cancer
development [30-32] . Although the relationship between
mutations of polβ and alterations in proto-oncogenes or
tumor suppressor genes is currently not clear, polβ gene
mutation is involved in a subset of human esophageal
carcinoma, especially in the high-incidence area.
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Abstract
AIM: To explore the feasibility of performing gastrectomy
with D2 lymphadenectomy in gastric cancer patients with
liver cirrhosis.
METHODS: A total of 7 178 patients were admitted with
a diagnosis of liver cirrhosis from January 1993 to
December 2003. We reviewed the records of 142 patients
who were diagnosed with liver cirrhosis and gastric
adenocarcinoma during the same period. Gastrectomy
with D2 lymph node dissection for carcinoma of the
stomach was performed in 94 patients with histologically
proven hepatic cirrhosis.
RESULTS: All but 12 patients were classified as Child’s class
A. Only 35 patients (37.2%) were diagnosed with cirrhosis
before operation. Seventy-three patients underwent a
subtotal gastrectomy (77.7%) and 21 patients (22.3%)
underwent a total gastrectomy, each with D2 or more lymph
node dissection. Two patients (3.8%) who had prophylactic
intra-operative drain placement, died of postoperative
complications from hepatorenal failure with intractable
ascites. Thirty-seven patients (39.4%) experienced
postoperative complications. The extent of gastric resection
did not influence the morbidity whereas serum aspartate
aminotransferase level (P = 0.011) and transfusion did
(P = 0.008). The most common postoperative complication
was ascites (13.9%) followed by wound infection (10.6%).
CONCLUSION: We concluded that the presence of
compensated cirrhosis, i.e. Child class A, is not a
contraindication against gastrectomy with D2 or more
lymph node dissection, when curative resection for gastric
cancer is possible. Hepatic reserve and meticulous hemostasis

are the likely determinants of operative prognosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Although the prognosis of gastric cancer has improved
significantly as a result of early diagnosis, radical operation,
and advances in adjuvant therapy, gastric cancer remains
the most common cause of cancer-related death in Korea[1].
Extended lymph node dissection is regarded as an essential
criterion for the treatment of gastric cancer[2-4]. It not only
makes the surgical therapy more radical but also provides
adequate lymph node staging.
Liver cirrhosis is another major health problem in Korea,
where it is the fourth most common cause of death, and is
probably linked to the high prevalence of HBV infection
and a culture that encourages high alcohol consumption[5].
Because of the high prevalence, cirrhosis of the liver is not
infrequently encountered among candidates for gastric
cancer surgery in Korea. Most surgeons are reluctant to
perform a D2 lymph node dissection in patients with liver
cirrhosis due to the risk of liver dysfunction[6].
Recent advances in peri-operative patient care and surgical
techniques, however, have reduced the morbidity and
mortality rates associated with gastric cancer surgery even
after a D2 lymph node dissection. This study was conducted
to explore the feasibility of performing gastrectomy with
D2 lymphadenectomy in gastric cancer patients with liver
cirrhosis, in terms of the morbidities and mortalities.
MA
TERIALS AND METHODS
MATERIALS
Patients
A total of 7 178 patients were admitted with a diagnosis
of liver cirrhosis to Yonsei University Medical Center from
January 1993 to December 2003. We reviewed the records
of 142 patients who were diagnosed with liver cirrhosis
and gastric adenocarcinoma at the Department of Surgery,
Yonsei University College of Medicine during the same
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period. All patients had no previous history of abdominal
surgery or other malignancies. Thirty-four patients who had
palliative surgery and 14 patients who did not have surgery
due to impaired liver function were excluded from the study.
The remaining 94 gastric cancer patients with liver cirrhosis
who underwent curative gastric resection for gastric cancer
were included in this study.
Cirrhosis was diagnosed primarily by liver biopsy. In
patients in whom liver biopsy was not performed, the diagnosis
was made by gross findings during the operation, a history
of liver disease, with impaired liver function tests and CT
scan or ultrasonography imaging.
Characteristics of the patients including age, sex, ChildPugh classification, extent of gastric resection, stage of the
tumor, and postoperative outcomes including operation time,
the number of retrieved lymph nodes, complications, hospital
stay, survival rates were analyzed. The χ2 test was used for
discrete variables and Student’s t test for continuous variables.
Survival rates were estimated using the Kaplan-Meier method
and the difference between the curves was assessed using
the log-rank test. P values less than 0.05 indicated statistical
significance.
Operative technique
Gastric cancer surgery in our institution is done according
to the following standardized operative protocol: (1) A total
or distal subtotal gastrectomy is performed depending on
the location and the macroscopic type of gastric cancer. (2)
A D2 or more lymph node dissection is preferred regardless
of the clinical stage[7]. Lymph nodes along the hepato-duodenal
ligament and common hepatic artery were retrieved and
tied with #3 silk. After gastric resection, the gastrointestinal
continuity is restored by either a gastro-duodenostomy or a
gastro-jejunostomy, depending on the location of the tumor
after a distal subtotal gastrectomy. A Roux-en-Y esophagojejunostomy is done after a total gastrectomy. Gastroduodenostomy is done using interrupted 3-0 silk Lembert
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sutures for the outer layer and interrupted 3-0 polyglycolic
sutures for the transmural inner layer. The gastro-jejunostomy
is performed using interrupted 3-0 silk Lembert sutures
for the outer layer and a running 3-0 polyglycolic suture for
the transmural inner layer. Esophago-jejunostomy is done
using an EEA stapler (Ethicon, Somerville, NJ, USA).
Before the abdominal wall is closed, a two-armed suction
drain (Hemovac, Sewoon Medical Co., Seoul, South Korea)
is inserted through a new stab wound on the right flank
toward the subhepatic area after a subtotal gastrectomy.
An additional suction drain is inserted through the left flank
toward the left sub-diaphragmatic space after a total
gastrectomy. The abdominal fascia is closed with continuous
polydioxanone sutures reinforced by interrupted 1-0 silk
sutures. The subcutis and cutis are restored with interrupted
3-0 silk sutures and skin staplers.

RESUL
TS
RESULTS
Characteristics of the patients, tumors, and surgeries
There were 73 (77.7%) males and 21 (22.3%) females. The
median age was 59 years (range, 36-76 years). All but 12
patients were classified as Child’s class A. Thirty-five patients
(37.2%) were diagnosed with cirrhosis before the operation
and the other 59 (62.8%) patients were diagnosed with liver
cirrhosis during the operation. Cirrhosis was related to HBV
in 52 (55.3%) patients, HCV in 8 (8.5%) patients, and alcohol
abuse in 30 (31.9%) patients. Cirrhosis was cryptogenic in
4 (4.3%) patients.
Seventy-three (77.7%) patients had a subtotal gastrectomy
and 21 (22.3%) patients underwent a total gastrectomy. All
patients underwent D2 or more lymph dissection. The mean
number of the retrieved lymph nodes was 35 (range, 15-71).
The mean operation time was 195 min (range, 110-345 min).
Prophylactic drainage was done in 51 (73.9%) patients. The
median hospital stays in this cohort of 94 patients was 13.5 d
(range, 7-90 d). The characteristics of patients, tumors, and
surgeries are summarized in Table 1.

Table 1 Characteristics of patients, tumors, and surgeries
Patients
Variables

Number

%

Male

73

77.7

Median

59

Female

21

22.3

Range

36-76

Sex

Variables
Age (yr)

Diagnosis of cirrhosis

Retrieved nodes

Preoperative

35

37.2

Median

35

Intraoperative

59

62.8

Range

15-71

Cause of cirrhosis

Positive nodes

HBV-related

52

55.3

Mean

3.5

Alcohol

30

31.9

Range

0-27

HCV-related

8

8.5

Cryptogenic

4

4.3

Extent of gastric resection
Subtotal

73

77.7

Total

21

22.3

TNM stage
I

51

54.3

II

25

26.6

III

10

10.6

IV

8

8.5

Operation time (min)
Mean

194.6

Range

110-345

Hospital stay (d)
Median

13.5

Range

7-90
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Mortality and morbidity
Two patients who had prophylactic intra-operative drains
died after the operation (2.1%) as a result of hepato-renal
failure related with intractable ascites. One patient was
classified as Child’s class B and the other patient as Child’s
class C. The most common post-operative complication was
ascites (13 patients, 13.9%) followed by wound infection
(10 patients, 10.6%). Ascites was well controlled with
medications in nine patients (six patients had prophylactic
intra-operative drain placement and three patients had not)
and with paracentesis in four patients who had prophylactic
intra-operative drain placement. All the patients who experienced
post-operative bleeding (four patients) and anastomotic leakage
(two patients) were managed conservatively (Table 2).

Table 2 Morbidities and mortalities
Patients
No drainage
(n = 37, %)

Drainage
(n = 57, %)

Total (%)

27 (73.0)

30 (52.6)

57 (60.6)

10 (27.0)
2 (5.4)

27 (47.4)
8 (14.0)

37 (39.4)
10 (10.6)

Ascending infection
Pneumonia

0 (0.0)
2 (5.4)

3 (5.3)
3 (5.3)

3 (3.2)
5 (5.3)

Bleeding
Anastomosis leakage

1 (2.7)
1 (2.7)

3 (5.3)
1 (1.8)

4 (4.3)
2 (2.1)

3 (8.1)
0 (0.0)

10 (17.5)
2 (3.8)1

13 (13.9)
2 (2.1)

Morbidities
Absent
Present
Wound infection

Ascites
Mortalities
1

Mortalities were caused by hepatorenal syndrome.

The association between clinico-pathological parameters
and the risk of post-operative complications are summarized
in Table 3. Transfusion and serum aspartate aminotransferase
levels were the independent predictive factors of morbidity
(P<0.05) (Table 4). The extent of gastric resection or tumor
stage did not influence the morbidity, while intra-operative
drain placement showed marginal significance (P = 0.055).
Ten out of the thirty-seven patients, who had no prophylactic
drains (27.0%) experienced postoperative complications,
whereas 27 out of the 57 patients who had prophylactic
drains (47.4%) experienced complications.
Survival of the patients
The overall 5-year survival rate of the patients was 65.9%.
The overall 5-year survival rate of the Child’s class A patients
was 69.1% and 44.4% for the Child’s class B and C patients.
There was a significant difference between the survival rates
at Child’s class (P = 0.0195).

DISCUSSION
Postoperative complications in cirrhotic patients after
gastrectomy with D2 lymph node dissection were associated
with serum aspartate aminotransferase levels and transfusion.
We observed that the post-operative morbidity was more
common among patients with prophylactic drains after
gastrectomy with D2 lymph node dissection, than among
patients without prophylactic drains. Two patients who had
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prophylactic intra-operative drain placement died of postoperative complications from hepato-renal failure with
intractable ascites.
The prevalence of gastric cancer among cirrhotic patients
in this study was higher than other reports (2.0%, 142
patients out of 7 178 cirrhotic patients). Gastric cancer
among cirrhotic patients have been rarely reported in the
literature[8]. A recent nationwide cohort study from Denmark
revealed that the risk of gastric carcinoma in cirrhotic
patients is not low compared to other cancers, except for
hepatocellular carcinoma[9]. The study identified 40 gastric
carcinoma patients (0.34%) among 11 605 cirrhotic patients
during a 12-year follow-up. A group of Italian endoscopists
has made similar observations[10]. Zullo et al., reported that
the prevalence of latent gastric cancer in liver cirrhosis
patients could be significantly higher than that expected in
the general population (a 2.6-fold increase). The reasons
for the high prevalence of gastric cancer in our study remain
unclear but probably are associated with the generally high
prevalence of gastric cancer and a culture that encourages
high alcohol consumption in Korea[5,11].
The data presented here demonstrates that gastrectomy
with D2 lymph node dissection in cirrhotic patients is feasible.
Abdominal operations in cirrhotic patients have been a
technical challenge with mortality rates around 30%[12-14].
Therefore, gastric cancer surgery for cirrhotic patients remains
controversial. Our peri-operative morbidity and mortality
rates compared favorably with most series on abdominal
procedures in the literature. The Child–Pugh classification
has proven to be a reliable tool in identifying patients at risk
of post-operative complications. In our series, the morbidity
rate was related to serum aspartate aminotransferase levels
and peri-operative transfusion status. Peri-operative transfusion
has been reported to be associated with morbidities in gastric
cancer patients due to immunosuppressive effects[15]. Lowering
the serum aspartate aminotransferase levels and meticulous
hemostasis during operation are probably the best way to
decrease post-operative complication rate in patients with
liver cirrhosis.
Our data showed that D2 lymph node dissection in
cirrhotic patients is feasible without drains, if the hepatic
reserve is not severely compromised and no usage of prophylactic drain. All the patients underwent D2 lymph node
dissection and the mean number of retrieved lymph nodes
was 35 in this study. This result is comparable to the results
of other studies concerning D2 lymph node dissection[3,6].
Prophylactic drain placement showed no beneficial effect
in terms of post-operative morbidity in this study. Although
three patients, who did not have intraoperative drain placement,
developed ascites after surgery, they were easily controlled
with medications. Three out of ten patients who needed
paracentesis were all patients who had intra-operative drain
placement. Similar results were reported by Urbach et al.,
who performed a metaanalysis on colorectal cancer patients
and concluded that they could not find any benefit of routine
intra-operative drain placement after colon and rectal
anastomoses in reducing the rate of anastomotic leakage
or other complications[16].
Lymph node dissection around the hepato-duodenal
ligament (station number 12 according to the classification
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Table 3 Factors associated with complications
Complication
Variables

Absent (n, %)

Present (n, %)

Sex

P
0.351

Male

42 (57.5)

31 (42.5)

Female
Age (yr)

15 (71.4)

6 (28.6)

<55
55

34 (66.7)
23 (53.4)

17 (33.3)
20 (46.6)

36 (69.2)

16 (30.8)

14 (46.7)
4 (50.0)

16 (53.3)
4 (50.0)

3 (75.0)

1 (25.0)

46 (62.2)
11 (55.0)

28 (37.8)
9 (45.0)

45 (62.5)

27 (37.5)

12 (54.5)

10 (45.5)

38 (64.4)
19 (54.3)

21 (35.6)
16 (45.7)

40 (70.2)

17 (29.8)

17 (63.0)

20 (37.0)

40 (59.7)
17 (63.0)

27 (40.3)
10 (37.0)

39 (62.9)

23 (37.1)

18 (56.3)

14 (43.7)

52 (63.4)

30 (36.6)

5 (41.7)

7 (58.3)

46 (75.4)
11 (33.3)

15 (24.6)
22 (66.7)

46 (63.0)

27 (37.0)

Total
Stage

11 (52.4)

10 (47.6)

EGC
AGC

26 (61.9)
31 (59.6)

16 (38.1)
21 (40.4)

27 (73.0)

10 (27.0)

30 (52.6)

27 (47.4)

0.138

Causes of cirrhosis
HBV-related

0.188

Alcohol
HCV-related
Cryptogenic
Anemia (<100 g/L)

0.370

Absent
Present
Thrombocytopenia (<105/U)
Absent

0.619

Present
Albumin (g/L)

0.386

36
<36
Aspartate aminotransferase (IU/L)
40

0.030

>40
Bilirubin (mg/dL)

0.819

1.4
>1.4
Prothrombin (%)
80

0.656

<80
Child–Pugh class
A

0.207

B or C
Transfusion

<0.001

No
Yes
Extent of gastric resection
Subtotal

0.450

0.835

Prophylactic drainage
No

0.055

Yes

Table 4 Logistic regression analysis of risk factors for postoperative complication
Covariate (observed value)
Causes of cirrhosis

Coefficient

SE

RR (95%CI)

P

0.9744

0.5543

2.6496 (0.8941-7.8517)

0.079

1.3899

0.5446

4.0143 (1.3807-11.672)

0.011

1.6837

0.5000

5.3856 (2.0214-14.3485)

0.008

(Postnecrotic vs others)
GPT (IU/L)
( 40 vs >40)
Transfusion
(no vs yes)
SE: standard deviation; RR: relative risk; CI: confidence interval.

by the Japanese Research Society on Gastric Cancer) and
common hepatic artery (station number 8) in cirrhotic gastric
cancer patients has been reported to be limited[6,17]. The
lymphatic systems in these two lymph node stations are

extensive and well developed, making these two lymph node
stations as the frequent sites of lymphorrhea especially after
lymph node dissection that is not easy to control[6]. Cirrhotic
patients often suffer from ascites after gastric cancer surgery,
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which can be aggravated by insertion of a drainage catheter
[12,18]
. Two patients who had prophylactic intra-operative
drain placement died of post-operative complications from
hepato-renal failure with intractable ascites. Downstaging
Child’s class B and C patients to Child’s class A patients and
meticulous tying of the lymphatic systems should be
attempted first, instead of limiting the extent of lymph node
dissection.
Since more than half of the patients in our study were
diagnosed with liver cirrhosis during the operation and this
study was a retrospective study with inherent sampling bias,
the association of Child’s class with morbidities and mortalities
was not always clear. Therefore, it is difficult to compare
our results against other reports in the literature. The reason
why more than half of the patients in this study had been
diagnosed as liver cirrhosis during the operations is unclear.
In conclusion, patients with compensated cirrhosis, i.e.,
Child’s class A, may safely undergo gastrectomy with D2
lymph node dissection. Downstaging the Child’s class and
performing a D2 lymph node dissection with meticulous
hemostasis and without a prophylactic drain placement
appear to be the most reasonable treatment plan for gastric
cancer patients with liver cirrhosis.
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Abstract
AIM: To find and identify specific nuclear matrix proteins
associated with proliferation and differentiation of
carcinoma cells, which will be potential markers for cancer
diagnosis and targets in cancer therapy.
METHODS: Nuclear matrix proteins were selectively
extracted from MGc80-3 cells treated with or without
hexamethylamine bisacetamide (HMBA), and subjected
to 2-D gel electrophoresis. The resulted protein patterns
were analyzed by Melanie software. Spots of nuclear
matrix proteins differentially expressed were excised and
subjected to in situ digestion with trypsin. Peptide masses
were obtained by matrix-assisted laser-desorption/
ionization time of flight mass spectrometry (MALDI-TOFMS) analysis and submitted for database searching using
Mascot tool.
RESULTS: The MGc80-3 cells were induced into
differentiation by HMBA. There were 22 protein spots
which changed remarkably in the nuclear matrix, from
differentiation of MGc80-3 cells compared to control.
Eleven of which were identified. Seven proteins actin, prohibitin, porin 31HL, heterogeneous nuclear
ribonucleoprotein A2/B1, vimentin, ATP synthase, and heat
shock protein 60 were downregulated, whereas three
proteins - heat shock protein gp96, heat shock protein
90-beta, and valosin-containing protein were upregulated,
and the oxygen-regulated protein was only found in the
differentiated MGc80-3 cells.
CONCLUSION: The induced differentiation of carcinoma
cells is accompanied by the changes of nuclear matrix
proteins. Further characterization of those proteins will
show the mechanism of cellular proliferation and
differentiation, as well as cancer differentiation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Nuclear matrix (nuclear skeleton) is the filamentous protein
framework in eukaryotic cell nucleus. Nuclear matrix plays
an important role in life activities such as maintaining the
cell morphology, dimensional localization, DNA replication
and transcription. Thereby, it is intensely associated with cell
proliferation and differentiation, as well as carcinogenesis[1,2].
The role of nuclear matrix in cell activities has drawn
increasing attention recently. Most of its components,
besides the fibrins, are proteins and/or enzyme in DNA
replication, transcription and gene expression[3,4]. The nuclear
matrix in cancer cells is not only abnormal in morphology,
but also apparently different in its composition. Tumorassociated nuclear matrix proteins have been identified in
cancers of the breast, colon, bone, bladder, and larynx using
2-D gel electrophoresis [5-9]. But nuclear matrix proteins
associated with the differentiation of carcinoma cells were
unexplored.
Previously, we found that the morphology of nuclear
matrix in differentiated human gastric cancer cells, induced
by hexamethylamine bisacetamide (HMBA) and retinoic
acid[10], showed similar characteristics with that in normal
cells. It is implied that further study on the differential
expressed nuclear matrix proteins in response to differentiation
reagent will be able to reveal the mechanism of carcinogenesis
and phenotypic reversion, as well as cell growth and
differentiation.
This study was designed to find and identify specific
nuclear matrix proteins, associated with the proliferation
and differentiation of carcinoma cells. The human gastric
mucous adenocarcinoma MGc80-3 cell was selected as a
subject to undergo differentiation induced by HMBA. The
nuclear matrix proteins from MGc80-3 cells were selectively
extracted, and subjected to 2-D gel electrophoresis. The
changed nuclear matrix proteins during the differentiation
process were identified by matrix-assisted laser-desorption/
ionization time of flight mass spectrometry (MALDI-TOFMS) combined with database searching.
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MA
TERIALS AND METHODS
MATERIALS
Materials
HMBA (Sigma Chemical Company) were used to induce
the differentiation of MGc80-3 cells. Sequence grade,
modified trypsin (Promega) and iodoacetamide (Sigma) were
used in the in-gel digestion. ReadyStrip IPG strips (pH 310, 11 cm) and IPG buffer pH 3-10 were from Amersham
Biosciences. Other reagents used in 2-D gel electrophoresis
and Coomassie blue R250 were from Shanghai Sangon
Biological Engineering Technology and Service Co., Ltd.

1% agarose. SDS-PAGE was performed on a 12.5%
acrylamide/bisacrylamide gel at 50 V for 30 min followed
by 170 V for 8 h. The gels were run in the following
electrode buffer: 25 mmol/L Tris, 192 mmol/L glycine,
0.1% SDS. SDS-PAGE standards were used for gel
calibration. The gels were stained with Coomassie blue R250
and destained with 5% methanol, 7.5% acetic acid. 2-DE
maps of nuclear matrix proteins were subjected to analysis
with Melanie software. Protein spots were manually excised
for mass spectrometry.

Cell culture
MGc80-3 cells were cultured in the RPMI-1640 supplemented
with 15% new born bovine serum at 37 . The cells were
seeded in a constant density overnight, and treated with
5 mmol/L HMBA for 7 d. Fresh culture media were
added to the cells every 48 h, and cells were harvested at
subconfluency. The obtained cells were then stored at -80 .

Protein identification by matrix-assisted laser-desorption/
ionization time of flight mass spectrometry (MALDI-TOF-MS)
analysis
In-gel digestion Spots were cut into about 1 cm×1 cm×1 cm
pieces, and washed twice with 80 µL of 25 mmol/L
NH4HCO3, 50% acetonitrile for 5 min, then dehydrated
with 80 µL of acetonitrile. Gel pieces were completely dried.
Reduction was achieved by 1 h treatment with 10 mmol/L
DTT/100 mmol/L NH4HCO3 at 57 . Alkylation was
performed with 25 mmol/L iodoacetamide/100 mmol/L
NH 4HCO3 for 45 min in the dark at 25 . Finally, gel
pieces were washed thrice for 5 min alternatively with
100 mmol/L ammonium carbonate and acetonitrile, and
then completely dried with a Speed Vac before trypsin
digestion. Appropriate volumes of trypsin (12.5 ng/µL,
freshly diluted in 50 mmol/L NH4HCO3) were added to
the dried gel pieces. The digestion was performed at 37
overnight. After being centrifuged for 5 min in a Speed
Vac, the gel pieces were incubated in 10 µL 20 mmol/L
NH 4HCO 3 for 20 min at room temperature , and then
incubated in 10 µL 5% TFA/50% acetonitrile for 5 min at
room temperature. The supernatant was mixed, and
completely dried with a Speed Vac.
MALDI-TOF-MS analysis For MALDI-TOF-MS analysis,
samples were dissolved in 2 µL 0.1% TFA. Mass measurements
were carried out on a Brucker ULTRAFLEXTM TOF/TOF
mass spectrometer. This instrument was used at a maximum
accelerating potential of 20 kV (in positive mode) and was
operated in reflector mode. 0.5 µL of saturated solution
of α-cyano-4-hydroxy cinnamic acid in 0.1% TFA/30%
acetonitrile was mixed with 0.5 µL sample solution, and
added to the target. Internal calibration was performed with
tryptic peptides coming from autodigestion of trypsin
(monoisotopic masses at m/z 842.51, and m/z 2 211.10).
Monoisotopic peptide masses were assigned and used for
database search.

Purification of nuclear matrix proteins
The nuclear matrix proteins were extracted by a method of
Fey et al.[11]. The MGc80-3 cells were washed with PBS and
extracted with cytoskeleton buffer (CSK100) (10 mmol/L
PIPES pH 6.8, 300 mmol/L sucrose, 100 mmol/L NaCl,
4 mmol/L CaCl2, 1.0 mmol/L PMSF, 0.5% Triton X-100)
for 10 min. The nuclei were sheared through a 16at 0
gauge needle, and subjected to centrifugation for 5 min
at 400 r/min. The deposition was washed twice with
CSK50 (10 mmol/L PIPES pH 6.8, 300 mmol/L sucrose,
50 mmol/L NaCl, 4 mmol/L CaCl2, 1.0 mmol/L PMSF,
0.5% Triton X-100) and digested for 30 min at 25 in the
same buffer containing 500 U/mL DNase I. One mole per
liter ammonium sulfate was added dropwise to a final
concentration of 0.25 mmol/L. After incubation for
15 min, the nuclear matrix proteins were pelleted by
centrifugation at 1 000 r/min for 5 min, and washed once
with the CSK50 buffer, then stored at -80 . Protein
concentrations were determined by Bradford’s method.
Two-dimensional gel electrophoresis
To solubilize nuclear matrix proteins, the pellet of purified
nuclei was resuspended in 2-D buffer containing 7 mol/L
urea, 2 mol/L thiourea, 4% CHAPS, 50 mmol/L DTT
and ultrasonicated for 2 min. The supernatant was centrifuged
for 30 min at 16 000 g at 4 . IEF was performed in
ReadyStrip IPG strips. ReadyStrip IPG strips were
rehydrated overnight in a reswelling tray with 2-D buffer
containing 0.5% IPG buffer pH 3-10 and nuclear matrix
proteins in a final volume of 250 µL (200 µg). IEF was
carried out on a Protean IEF Cell (Investigator) at 19
with a maximum current setting of 80 mA/strip. Focusing
was performed for a total of 70 000 V·h.
Before carrying out second dimensional SDS-PAGE, the
strips were equilibrated in an equilibration buffer consisting
of 20% glycerol, 2% SDS, 65 mmol/L Tris-HCl, pH 6.8
and 20 mmol/L DTT for 10 min at room temperature,
then transferred into the second equilibration buffer
consisting of 20% glycerol, 2% SDS, 65 mmol/L Tris-HCl,
pH 6.8 and 2.5% iodoacetamide. The strips were transferred
onto 1-mm thick SDS-PAGE gels and sealed in place with

Database search
The MALDI-TOF-MS data were searched against a NCBI
nonredundant protein sequence database using Mascot tool
from Matrix Science. All proteins present in the NCBI
database were taken into account without any pI or M r
restrictions. Search parameters included a maximum allowed
peptide mass error of 100 ppm with a consideration of one
incomplete cleavage per peptide. Accepted modifications
included carbamidomethylation of cysteine residues (from
iodoacetamide exposure) and methionine oxidation, a
common modification occurring during SDS-PAGE. Protein
identifications were assigned when three criteria were met:
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(1) Statistical significance (P<0.05) of the match when tested
by Mascot (matrixscience.com); (2) >20% sequence coverage
by the tryptic peptides; (3) Concordance (±15%) with the
molecular weight and pI of the parent 2-D PAGE protein
spot; and (4) Protein identifications not fulfilling criterion
2 were still assigned, if criteria 1 and 3 were fulfilled and no
other Homo sapiens proteins with peptide mass-matched
P values <0.05 were identified by Mascot; identified protein
was inferred.

12 spots were downregulated, one spot disappeared in the
differentiated MGc80-3 cells, whereas 8 spots were
upregulated, and 1 spot emerged as a new protein spot that
appeared in the differentiated cells (Figures 1 and 2). Relative
expression levels of the changed proteins were shown using
Melanie software (Figure 3), relative volume (%vol) of spot
was employed to make the data independent of uninteresting
variation between gels, such as differences in protein loading
or staining (Table 1).

RESUL
TS
RESULTS
Changes in nuclear matrix proteins upon addition of 5 mmol/L
HMBA
Samples of nuclear matrix proteins extracted from MGc803 cells treated with or without 5 mmol/L HMBA were
subjected to 2-D gel electrophoresis for at least three repeats
per experimental condition. Analysis of proteins was based
on evaluation of at least two gels. Typical 2-DE map of
nuclear matrix proteins from MGc80-3 cells in the presence
or absence of HMBA is shown in Figure 1. There were 22
protein spots that were changed remarkably, whereas most
of the spots were similar in the expression patterns of
nuclear matrix proteins from differentiated MGc80-3 cells
compared to that from control. Among the changed spots,

Identification of the altered proteins
In the 22 differentially expressed protein spots, 15 were
identified as 11 proteins by peptide mass fingerprinting
according to the criteria, while 8 spots failed to be identified
by peptide mass fingerprinting. The Spot C33 that
disappeared in the HMBA-treated MGc80-3 cells was
identified as hnRNP A2/B1. Nine of the twelve spots
downregulated in the HMBA-treated cells were actin,
vimentin, prohibitin, porin 31HL, hnRNP A2/B1, ATP
synthase and heat shock protein 60. The new spot present
after HMBA treatment was oxygen-regulated protein. In
the eight upregulated spots, four spots were matched with
heat shock protein gp96, heat shock protein 90-beta,
ubiquitin thiolesterase (EC 3.1.2.15) and valosin-containing
protein individually.

Table 1 Nuclear matrix proteins from the 2-DE map of MGc80-3 cells identified by peptide mass fingerprinting
Number Accession Protein name
Disappeared proteins:
C33 gi|4504447 Heterogeneous

Sequence
coverage
(%)

26

Theoretical values
Mr (Da)

36 041

Experimental values

Number of
matched
peptides

pI

Mr (Da)

pI

8.67

37 100

8.47

7

nuclear ribonucleoprotein A2/B1
Downregulated proteins:
C19 gi|15277503 ACTB protein

37

40 536

5.55

29 000

5.51

10

C20 gi|4505773 Prohibitin
C29 gi|238427 Porin 31HL

40
34

29 843
30 737

5.57
8.63

31 500
34 500

5.58
8.78

8
7

C30 gi|4504447 Heterogeneous
nuclear ribonucleo-

43

37 429

8.97

36 600

8.85

11

protein A2/B1
C38 gi|15277503 ACTB protein

35

40 536

5.55

48 400

5.13

10

C39 gi|5030431 Vimentin
C40 gi|2119204 Vimentin

34
20

41 651
53 676

4.82
5.06

46 800
52 800

4.82
4.98

11
9

C41 gi|32189394 ATP synthase
C70 P10809 Heat shock

29
17

56 525
61 187

5.26
5.70

55 200
59 400

5.05
5.51

15
6

14

111 494

5.16

92 300

5.50

12

14

90 309

4.73

98 000

4.62

12

S74 gi|72222 heat shock
protein 90-beta

27

83 584

4.97

79 700

5.16

19

S73 gi|2134982 ubiquitin thiolesterase (EC 3.1.2.15)

12

96 596

4.90

82 000

5.14

9

S75 gi|6005942 valosincontaining

34

89 950

5.14

82 000

5.50

20

protein 60
Newly emerged proteins:
S78 gi|5453832 oxygen
regulated protein
Upregulated proteins:
S72 gi|15010550 heat shock
protein gp96
precursor

protein
Unidentified proteins
Downregulated: C23, C27, C28; Upregulated: S41, S44, S53, S66, S54.
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Figure 1 2-D PAGE gels of nuclear matrix proteins from MGc80-3 cells,
Coomassie blue-stained A: MGc80-3 cells; B: MGc80-3 cells exposed to
5 mmol/L HMBA for 7 d. Arrows pointed to changed proteins. Disappeared
protein: C33; downregulated proteins: C19, C20, C23, C27, C28, C29, C30,
C38, C39, C40, C41, C70; new protein: S78; upregulated proteins: S4, S44,
S53, S54, S72, S74, S75.

A

B

S78

DISCUSSION
In the present study, nuclear matrix proteins extracted from
differentiated MGc80-3 cells induced by HMBA were
compared with those from MGc80-3 cells using 2-D gel
electrophoresis. 2-D gel image analysis software was used
to confirm the identification of specific nuclear matrix
proteins associated with the differentiation of carcinoma cells
combined with the visual observation. The protein patterns
were highly reproducible. There were 22 spots that were
changed remarkably during the differentiation process. Most
of interested proteins differed qualitatively between control
and differentiated MGc80-3 cells, except for two proteins,
in which one was absent, while the other was only present
in the HMBA-treated cells. The differentially expressed
proteins confirm that specific nuclear matrix proteins are
accompanied with the differentiation of MGc80-3 cells.
Fifteen of the twenty-two changed proteins were
identified. The identified proteins that associated with
proliferation and/or differentiation of MGc80-3 cells were
grouped into six classes: (1) common nuclear matrix proteins:

C
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Figure 2 Enlarged maps of changed nuclear matrix proteins from MGc80-3
cells, Coomassie blue-stained A–H: nuclear matrix from control cells; I-P:
nuclear matrix from HMBA-treated cells. Arrows pointed to changed proteins.
C33 disappeared, while C19, C20, C23, C27, C28, C29, C30, C38, C39, C40,

C41, C70 were downregulated in the HMBA-treated cells; S78 was a new
protein, whereas S4, S44, S53, S54, S72, S74, S75 were upregulated after
HMBA treatment.
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Figure 3 Relative expression level of changed nuclear matrix proteins. A:
Relative expression level of disappeared or downregulated proteins in the
nuclear matrix fractions of MGc80-3 cells treated with HMBA; B: Relative
expression level of new or upregulated proteins in the nuclear matrix fractions
of MGc80-3 cells treated with HMBA. C33 was disappeared, while C19, C20,
C23, C27, C28, C29, C30, C38, C39, C40, C41, C70 were downregulated in
the HMBA-treated cells; S78 was a new protein, whereas S4, S44, S53, S54,
S72, S74, S75 were upregulated after HMBA treatment. Relative expression
levels were shown using Melanie software. Values are mean±SE for two
experiments.

In the upregulated or newly-emerged five proteins, there
were three belonging to the heat shock protein family, while
another member of the family, HSP60, was downregulated
in the differentiated MGc80-3 cells. All the involved HSP
proteins were reported to be associated with cell growth
and differentiation[16-19]. The deep involvement of heat shock
protein family in the differentiation of MGc80-3 was
consistent with the reports that heat shock proteins played
an important role in the gastric tumors.
The proteins found in this study may be directly or
indirectly involved in altered gene expression associated with
the differentiation of carcinoma cells.
The findings described here will facilitate the understanding
of the signal pathways and the mechanism of HMBA-induced
differentiation. Further characterization of these proteins
is now underway. These specific proteins are potential
markers for tumor development or therapeutic target.
In this study, proteomic methods were used to
systematically analyze the altered protein profiles in
differentiated cancer cells. Specific nuclear matrix proteins
associated with the differentiation of carcinoma cells were
found and identified. It is of significance for revealing the
signal pathway and mechanism 6 of cell growth and
differentiation, as well as carcinogenesis. Further
characterization of those proteins will show the mechanism
of cellular proliferation and differentiation, as well as cancer
differentiation.
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Abstract
AIM: To characterize the histochemical type and pattern
of intestinal metaplasia (IM) adjacent to gastric cardia
adenocarcinoma (GCA) and distal gastric cancer (GC) in
Linzhou, Henan Province, China.
METHODS: Alcian-blue-periodic acid Schiff and high iron
diamine-Alcian blue histochemical methods were performed
on 142 cases of IM, including 49 cases of GCA and 93
cases of GC. All the patients were from Linzhou, Henan
Province, China, the highest incidence area for both GCA
and squamous cell carcinoma. Radio- or chemotherapy
was not applied to these patients before surgery.
RESULTS: The detection rate of IM in tissues adjacent to
GCA tissues was 44.9%, which was significantly lower
than that in GC tissues (80.64%, P<0.01). The rates of
both incomplete small intestinal and colonic IM types
identified by histochemistry in GCA tissues (31.82% and
63.64%, respectively) were significantly higher than those
in GC (5.33% and 21.33%, respectively, P<0.01).
CONCLUSION: IM in GCA and GC should be considered
as a separate entity. Further research is needed to
evaluate whether neoplastic progression of IM is related
to its mucin profile in GCA.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
In China, epidemiologically, gastric cardia adenocarcinoma
(GCA) shares a very similar geographic distribution with
esophageal squamous cell carcinoma (SCC), especially in
Linzhou (formerly Linxian County), Henan Province, north
China, the highest incidence area of SCC in the world[1,2].
However, the incidence of adenocarcinoma arising from
the distal stomach is very low in this area[3,4]. In the last two
decades, the incidence of primary adenocarcinoma of the
lower esophagus, esophagogastric junction and GCA has
increased dramatically in North America and Western
European countries[5-6]. In contrast, the incidence of gastric
cancer (GC) has decreased steadily in recent years.
In Linzhou, China, GCA has been classified as esophageal
cancer by the local registry for the past several decades,
because of their similar clinical symptoms, such as dysphagia[1].
Approximately 60% of patients with dysphagia are found
to have a diagnosis of SCC, the remaining 40% are found
to have adenocarcinomas of the lower esophagus or gastric
cardia[8]. A case-control study performed on patients with
presumed distal esophageal or gastric cardia cancer in
Linzhou found that one-third of all these tumors are
adenocarcinomas of the gastric cardia[9].
The histogenesis and carcinogenesis for malignant
transformation of GCA, however, are still not clear.
Intestinal metaplasia (IM) is documented in the gastroesophageal junction and cardia, but the etiology remains
unclear[10,11]. It has been believed that IM is closely related
with the distal stomach cancer[12]. However, whether IM is
a premalignant lesion for GCA is still not clear. Studies on
the histochemical features of IM arising from gastric cardia
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Table 1 Criteria for IM classification based on histology and histochemistry
Histology

Histochemical staining

Types of IM
Structure of glands

Columnar cell

Paneth cell

AB

PAS

HID

Complete
Incomplete

Regular
Irregular

+

+
-

+
+

+

-

Complete colonic
Incomplete colonic

Regular
Irregular

+

-

+
+

+

+
+

Incomplete gastric

Irregular

+

-

-

+

-

Revised from Ref.

[11]

.

and distal stomach and their relationship are very limited.
Thus, the present study was undertaken to characterize the
histological and histochemical types of IM in tissues adjacent
to GCA and GC from patients in Linzhou, a high-incidence
area of SCC and GCA in north China with Alcian-blueperiodic acid Schiff (AB-PAS) and High Iron Diamine-Alcian
blue (HID-AB) staining methods.

MA
TERIALS AND METHODS
MATERIALS
Collection and processing of surgically resected GCA and GC
specimens
One hundred and forty-two surgically resected GCA and
AC specimens were collected from Linzhou People’s
Hospital, Linzhou Center Hospital and Yaocun Esophageal
Cancer Hospital in Henan Province from 2000 to 2001.
All the patients were from Linzhou, Henan Province, the
highest incidence area of both GCA and SCC. There were
49 patients with GCA, including 26 males and 23 females with
an average age of 59.96±10.29 years (range 36-80 years)
and 93 patients with GC, including 49 males and 44 females
with an average age of 58.96±9.38 years (range 33-82 years).
None of the cases received chemotherapy or radiotherapy
before surgery. The surgically resected specimens were
immediately fixed in 85% ethanol, and embedded with
paraffin. Ten to fifteen pieces of tissue adjacent to cancer
foci were obtained from each sample, dehydrated routinely
with graded ethanol, embedded with paraffin, and cut into
5-µm-thick sections. For each block, three slides were
prepared, one slide was stained with hematoxylin and eosin
(HE) for pathological diagnosis and another two slides were
histochemically stained for histochemical analysis.

microliters of AB solution was applied for staining in wet
boxes for 20-30 min and washed with distilled water, 0.5%
neutral red solution (No. 3 Reagent Factory, Shanghai) was
stained for 1-2 min and then washed with distilled water for
3-5 min. Finally, the slides were sealed with neutral gum.
Criteria for diagnosis and classification of IM
Based on the morphology and histochemistry findings, IM
was classified as five types: complete intestinal IM, incomplete
intestinal IM, complete colonic IM, incomplete colonic IM,
and incomplete gastric IM (Table 1). In complete IM, the
epithelial cells were composed of goblet cells, Paneth cells,
mucous columnar cells, and absorptive cells; in incomplete
IM, the epithelial cells were composed of goblet and mucous
columnar cells.
Statistical analysis
The data were processed with SPSS 8.0 and χ2 test was
used for the difference among different IM types. P<0.05
was considered statistically significant.

RESUL
TS
RESULTS
Histological findings
The histological analysis showed that the detection rate in
both complete and incomplete IM adjacent to GCA (44.9%)
was lower than that in both complete and incomplete IM
adjacent to GC (80.64%, P<0.01, Table 2). IM could be
identified in a single acinus, or in several acini (Figure 1A).

Table 2 Prevalence and distribution of different types of IM in
tissues adjacent to GCA and GC in Linzhou, Henan Province, China
Incomplete IM

AB-PAS and HID-AB staining
The protocols for AB-PAS and HID-AB staining established
previously in our laboratory were used[11]. Briefly, for ABPAS staining, the paraffin slides were deparaffinized with
xylene. One hundred microliters of AB staining solution
(Fluka Company) was added to the slides for staining in wet
boxes for 20-30 min, washed with distilled water for 3-5 min;
100 mL 0.5% periodic acid solution was applied for oxidation
for 10 min, washed with distilled water for 3-5 min; Schiff
solution staining for 10 min, washed with distilled water for
5-10 min. Finally, the slides were sealed with neutral gum.
For HID-AB staining (Sigma Company, USA), the paraffin
slides were deparaffinized with xylene. The slides reacted
with high iron diamine solution at room temperature for
24 h and then were washed with distilled water. One hundred

Type

Complete IM
n (%)

Small intestinal
n (%)

Colonic
n (%)

GCA
(44.90%, 22/49)

1/22 (4.55)

7/22 (31.82) 14/22 (63.64)

GC
(80.64%, 75/93)

55/75 (73.33)

4/75 (5.33)

16/75 (21.33)

Histochemical findings
By AB-PAS staining, complete type of IM was stained blue
(Figure 1B), the incomplete type of IM was stained blue and
red (Figure 1C), the gastric type of IM was stained red, the
intestinal type of IM was stained blue. But, by HID-AB staining,
the intestinal type of IM was stained blue (Figure 1D), the
colonic type of IM was stained brown or black (Figure 1E).
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Figure 1 Histological and histochemical findings in different types of IM. A:
Microphotograph of chronic carditis with IM; B: Microphotograph of histochemical
stain on complete IM at gastric cardia; C: Microphotograph of histochemical

stain on incomplete IM at gastric cardia; D: Microphotograph of histochemical
stain on intestinal type of IM at gastric cardia; E: Microphotograph of histochemical
stain on colonic type of IM at gastric cardia.

The histochemical pattern and type of IM were different
between GCA and GC and most types of IM in GCA were
incomplete type (95.45%), especially in the incomplete
colonic type (63.64%); In contrast, complete IM occurred
more frequently in GC (73.33%, P<0.01, Table 2). Incomplete
colonic and small intestinal IM could be observed in the
same microscopic field or different fields on the same
sample. In other words, blue acid mucous and brown-black
sulfuric acid mucous co-existed in one acinus in some cases.
The detection rate of co-existence for both colonic and
small intestinal types on the same slide was 22.73% (n = 5).
IM mostly occurred in the deep glands of gastric cardia.

of GCA in this area.
Another interesting observation in the present study is
that incomplete type of IM, especially the colonic type, is
the predominant form of IM found in the gastric cardia.
In contrast, the complete type of IM is the major form of
IM found in GC. These results suggest that IM in GCA
and GC should be considered as a separate entity. In
stomach, IM frequently forms at the antrum (22.9%) but
rarely at the fundus (2.8%)[13]. Likewise, most GCs arise
from the distal part of the stomach and infrequently from
the near part. It is believed that GC correlates with IM closely,
particularly with the intestinal type of GC based on the fact
that the risk for GC and IM shares the same epidemiological
characteristics[14]. It was reported that the incomplete IM in
which columnar cells secrete sulfuric acid mucous relates
with GC[12,15,16]. The present study indicated that the detection
rate of IM adjacent to GCA was lower than that adjacent
to GC. But the IM adjacent to GCA belonged to the
incomplete IM, and the percentage of incomplete IM is
much higher, suggesting that GCA correlates with incomplete
IM closely and incomplete IM may be precancerous lesions
of GCA. Reports with respect to the relationship between

DISCUSSION
The present study showed that IM was a frequent event in
gastric cardia non-cancerous tissue adjacent to GCA (44.9%)
in Linzhou, Henan Province, the highest incidence area of
SCC and GCA. Goblet cells were invariably identified on
HE-stained specimens. Only 0.7% symptom-free subjects
in Linzhou are identified with IM in gastric cardia biopsies[4].
These results suggest that IM may be a precancerous lesion
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IM and GCA are inconsistent[17]. Further characterization
of molecular changes of IM in nearby cancer foci and cancer
tissue will shed light on the relationship of IM and GCA.
The prevalence of IM in gastric cardia is an understudied subject, especially in symptom-free subjects at the
high-risk area of GCA. Only 0.7% symptom-free subjects
in Linzhou, Henan Province, the high incidence area for
GCA are identified with IM in gastric cardia biopsy, which
is much lower than that in gastric cardia tissue adjacent to
GCA (64-folds lower, 44.9% vs 0.7%)[4]. The possibility for
this difference may be that the prevalence of IM in symptomfree subjects is lower than that in GCA patients. Recent
studies in Western countries indicate that IM in Barrett’s
esophagus and at the gastroesophageal junction seems to
occur more apparently in old subjects. GCA patients are
usually 5-10 years older at the time of diagnosis than symptomfree subjects in the same area. Another reason may be due
to the sampling procedure. IM occurs with a patchy, irregular
distribution in flat mucosa that is usually invisible at endoscopy.
Presently, we lack methods to target biopsy for IM lesions,
the chance to identify IM lesions in small biopsy is much
less than that in surgically resected GCA specimen. Methylene
blue selectively stains specialized columnar epithelia in
Barrett’s esophagus with a high accuracy. Chromoendoscopy
with methylene blue stain may help to direct biopsies in
subjects with IM in gastric cardia[17-19].
IM has been recognized as a key point in Barrett’s
esophagus. Goblet cells are invariably identified on HEstained Barrett’s esophagus. It has been hypothesized that
Barrett’s adenocarcinoma follows the metaplasia-dysplasiaadenocarcinoma sequence [10]. At present, however, the
importance of IM at gastric cardia remains unclear. Apparently,
reflux esophagitis is not correlated with IM at gastric cardia
in Chinese population. Chronic carditis may contribute to
the development of IM at gastric cardia. Further research
in large scale and long-term follow-up are needed to evaluate
whether neoplastic progression of GCA is related to IM
and its mucin profile.
The present study showed that incomplete IM and
colonic IM coexisted in the same area or different areas of
one sample. Some stomach glands presented blue acid
mucous of intestinal IM and brown-black sulfuric acid
mucous of colonic IM. The possible explanation is the multipotent stem cells in the neck of gastric glands are to
differentiate different types of epithelium due to the irritation
of various initial agents, leading to different mucous reaction.
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cells. Moreover, there was a positive correlation between
CD34 and COX-2 expression in tumor tissues. Comparison
between well- and poorly-differentiated HCC showed
that the number of CD34-positive cells decreased with
dedifferentiation. However, COX-2 was the only independent
variable showing a positive correlation with CD34 in a
multivariate analysis.
CONCLUSION: The presence of inflammatory cells and
COX-2 expression in liver tumor suggests a possible
relationship with tumor angiogenesis. COX-2 expressing
cells and the number of macrophages/Kupffer cells and
mast cells decrease with progression of the disease.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To investigate the association of cyclooxygenase-2
(COX-2) expression with angiogenesis and the number
and type of inflammatory cells (macrophages/Kupffer cells;
mast cells) within primary hepatocellular carcinoma (HCC)
tissues and adjacent non-tumorous (NT) tissues.

Cervello M, Foderà D, Florena AM, Soresi M, Tripodo C,
D’Alessandro N, Montalto G. Correlation between expression
of cyclooxygenase-2 and the presence of inflammatory cells
in human primary hepatocellular carcinoma: Possible role in
tumor promotion and angiogenesis. World J Gastroenterol
2005; 11(30): 4638-4643
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METHODS: Immunohistochemistry for COX-2, CD34,
CD68 and mast cell tryptase (MC T) was performed on
14 well-characterized series of liver-cirrhosis-associated
HCC patients. COX-2 expression and the number of
inflammatory cells in tumor lesions and surrounding liver
tissues of each specimen were compared. Moreover,
COX-2, CD34 staining and the number of inflammatory
cells in areas with different histological degrees within
each tumor sample were comparatively analyzed.
RESULTS: The percentage of COX-2 positive cells was
significantly higher in NT tissues than in tumors. COX-2
expression was higher in well-differentiated HCC than in
poorly-differentiated tissues. Few mast cells were
observed within the tumor mass, whereas a higher number
was observed in the surrounding tissue, especially in
peri-portal spaces of NT tissues. Abundant macrophages/
Kupffer cells were observed in NT tissues, whereas the
number of cells was significantly lower in the tumor mass.
However, a higher cell number was observed in the welldifferentiated tumor and progressively decreased in
relation to the differentiation grade. Within the tumor, a
positive correlation was found between COX-2 expression
and the number of macrophages/Kupffer cells and mast

INTRODUCTION
Cyclooxygenase-2 (COX-2) is an inducible immediate early
gene associated with inflammation, cell growth and differentiation, prevention of apoptosis and tumorigenesis[1]. A
substantial body of evidence supports the role of COX-2
in the angiogenesis of a variety of human malignancies[2-5].
Recent studies have already shown an increased expression
of COX-2 in patients with liver disease, suggesting the role
of COX-2 in chronic liver disease and during the progression
of HCC[6-8]. In addition, COX-2 expression is reported to
correlate with tumor angiogenesis in patients with hepatitis
C or B virus-associated HCC[9,10].
Macrophages are an important source of angiogenic
activity in wound healing, cancer, and chronic inflammation.
They can produce various growth factors and cytokines
that promote angiogenesis. The presence of infiltrating
macrophages is closely associated with angiogenesis in several
types of malignancies, including melanoma[11], breast [12],
prostate [13] and lung [14] cancer, glioma[15], cervical [16] and
esophageal carcinoma[17]. In the liver, infiltrating macrophages
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and Kupffer cells which are considered as resident macrophages,
play an essential role not only in host defense but also in
homeostatic responses of tissue[18-20]. However, their role
in the process of tumor progression and angiogenesis is not
well understood.
Mast cells (MCs) circulate in blood as progenitors and
undergo terminal differentiation into mature cells only when
they enter the tissues. Mast cells release a variety of factors
known to enhance angiogenesis, namely heparin, histamine
and tryptase, as well as cytokines, such as transforming growth
factor-β (TGF-β), tumor necrosis factor-α (TNF-α),
interleukin-8 (IL-8), fibroblast growth factor-2 (FGF-2) and
vascular endothelial growth factor (VEGF). MC density is
highly correlated with the extent of both normal and
pathological angiogenesis in chronic inflammatory diseases
and tumors [21,22] . MCs are present in both normal and
pathological livers[23,24]. Their role in tumor angiogenesis is
not entirely clear, although MCs are of primary importance
in the transition from sinusoidal to capillary-type endothelial
cells during HCC growth.
Although, as quoted above, some studies on the liver
have evaluated the relationship between COX-2 and
angiogenesis, or the relationship between the presence of
macrophages and mast cells and the different liver
pathologies, no studies are available to date on the possible
relationship between the various parameters. Therefore, we
investigated the association of COX-2 expression with the
number of microvessels, the number and type of inflammatory
cells in primary hepatocellular carcinoma and adjacent nontumorous tissues; compared within the same tumor specimen
of the two areas with the greatest difference in differentiation
grade, and evaluated which of the parameters analyzed could
play a prominent role in the neoangiogenesis of HCC.

MA
TERIALS AND METHODS
MATERIALS
Patients and tissue samples
The study included 14 primary HCC patients whose main
clinical characteristics are shown in Table 1. Diagnosis was
made according to the pathological findings in all cases. All
the patients with known cirrhosis were enrolled in a prospective
study for HCC screening. The disease was associated with
the presence of serum HCV antibodies in all cases. None
of the patients was positive for HBsAg. HCC was histologically
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graded by two pathologists (AMF and CT) and divided
into well-differentiated (WD), moderately-differentiated
(MD) or poorly-differentiated (PD) types. Nine of the
fourteen patients showed different histological grades
(WD+MD+PD) in a single nodule (Table 1). However, a
total of 23 tumor sites (11 well-differentiated and 12
poorly-differentiated) were analyzed (Table 1). In order to
analyze the different parameters during tumor progression
and to avoid variability between the different patients,
we compared the two areas with the greatest difference in
differentiation grade (i.e. well-differentiated vs poorlydifferentiated, n = 9) within the same tumor specimen.
Histochemical staining
Specimens were fixed in formalin and embedded in paraffin.
Four micrometer-thick sections were cut, dewaxed and
hydrated. In the case of COX-2 and mast cell tryptase (MCT)
staining, the sections were first heated in a microwave oven
(3-4 cycles of 5 min each) in 10 mmol/L citrate buffer
(pH 6.0) and then washed twice with PBS for 5 min. All
sections were incubated with 30 mL/L hydrogen peroxide
in methanol for 5 min to inhibit endogenous peroxidase.
Immunohistochemistry was performed by the streptavidinbiotin complex (StreptABC) using the following antibodies:
rabbit polyclonal antibody against COX-2 (Cayman,
Chemical, MI, USA) at a dilution of 1:100 for 2 h at
37 , and mouse mAb against CD68 (clone PG-M1,
Dako, Copenhagen, Denmark) at a dilution of 1:50 and
CD34 (Clone Qbend/10, Menarini, Florence, Italy) at a
dilution of 1:30, or anti-human mast cell tryptase (clone
AA1, Dako, Copenhagen, Denmark) at a dilution of 1:150
for 30 min at room temperature. Sections were then
incubated for 30 min at room temperature with biotinylated
anti-rabbit or anti-mouse immunoglobulin diluted in PBS
and streptavidin-biotin complex for 30 min at room
temperature. The color was developed with 3-amino-9ethyl-carbazole (AEC) (Dako, Copenhagen, Denmark) for
5-10 min at room temperature and counterstained with
Mayer hematoxylin for 3 min.
Evaluation of COX-2 expression, determination of the number
of macrophages/Kupffer cells, mast cells and microvessels
Immunohistochemical staining for COX-2 was semi-quanti-

Table 1 Patient characteristics and histological features of HCC
n

Age (yr)

Sex

Child

ALT

AST

Tumor size (cm)

Histology pattern

Histology grading

1
2
3
4
5
6
7
8
9
10
11
12
13
14

65
64
62
63
66
77
53
70
75
65
56
77
61
78

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

A5
A6
A5
B7
B7
A5
A6
A6
B7
A5
A5
A6
A6
A5

26
21
53
91
145
32
161
25
42
41
28
44
21
210

55
17
44
334
302
24
186
38
55
37
57
47
17
388

2.8
3
7
3
1
3
2
3
2
2.5
3.5
2.7-2.2
2.5-4.5
6

PS
TR+PS+COM
TR
TR
TR+PS
TR+PS
TR+PS+COM
TR+PS+COM
TR
TR+COM
TR+PS+COM
TR+PS+COM
TR+PS+COM
TR+PS

WD
WD+MD+PD
WD+MD+PD
PD
WD
WD+MD+PD
WD+MD+PD
WD+MD+PD
PD
WD+MD+PD
WD+MD+PD
PD
WD+MD+PD
WD+MD+PD

TR: trabecular; PS: pseudoglandular; COM: compact. WD: well-differentiated; MD: moderately-differentiated; PD: poorly-differentiated.
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tatively evaluated by two independent observers (AMF, CT)
using a scale of 0-5, according to both degree and intensity
of staining, in which 0: negative, 1: positive staining in 120% of cells, 2: in 21-40%, 3: in 41-60%, 4: in 61-80%
and 5 81%.
When the number of macrophages and mast cells was
determined, the CD68-positive and MCT-positive cells were
counted respectively. Intra-tumoral microvessels were
assessed by immunostaining with anti-CD34. All stained
endothelial cells or cell clusters were counted as one microvessel. Branching structures were counted as a single vessel.
The same two evaluators (AMF and CT) performed the
counts. Briefly, stained sections were observed at 100×
magnification to identify the areas with the highest number
of positive cells. Counts were performed in five regions at
200×magnification. A scale of 0-5 was used for CD68, in
which 0: negative, 1: 1-15 positive cells, 2: 16-30, 3: 31-45,
4: 45-60 and 5 61. In the case of CD34, a scale of 0-4
was used, in which 0: negative, 1: 1-20 microvessels, 2:
21-40, 3: 41-60, 4: 61. For MCT, the mean of the five
counts was used directly because a small number of cells
were observed.
Statistical analysis
Data were expressed as median and range (min-max). The
Mann-Whitney U test and Spearman’s rank correlation test
were used when appropriate. Multiple linear regression
analysis was used to study the association between increased
values of CD34 and values of COX-2, CD68, and MCT.
The linear regression equation was used to describe a linear

A
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relationship between the dependent variable (CD34) and
one or more explanatory variables. P<0.05 was considered
statistically significant.

RESUL
TS
RESULTS
Expression of COX-2
COX-2 expression was detected in all the HCCs studied by
immunohistochemical analysis. The percentage of COX-2
positive cells was significantly higher in non-tumor (NT)
tissues than in tumors (P<0.0001) (Figure 1 and Table 2).
COX-2 showed a diffuse cytoplasmic localization in NT
hepatocytes, whereas it showed a cytoplasmic dot-like pattern
in tumor cells. COX-2 expression tended to be higher in
well-differentiated than in poorly-differentiated HCC tissues
(z = 4.2, P<0.0001). As shown in Figures 1B and C, a clear
difference in COX-2 staining was observed at the boundary
of HCC tissues with different histological grades.
Immunostaining of macrophages
In this study, anti-CD68, an anti-human macrophage
antibody, was used to identify the macrophages. However,
in the CD68-positive (CD68+) cells, short spindle cells
were considered to be Kupffer cells, whereas migrating
macrophages were those with oval shape and abundant
cytoplasm. The total number of CD68+cells was calculated
in all cases. The expression of CD68+cells was significantly
higher in non-tumor tissue than in tumor itself (P<0.0001,
Figure 2 and Table 2). In addition, the number of
CD68+cells reduced as the histological grade decreased

B

C

WD

PD

MD
WD

Figure 1 Immunohistochemical expression of COX-2 in cirrhotic liver area
(A), well- and moderately-differentiated HCC areas (B), well-differentiated

A

B

LC

HCC with trabecular arrangement and poorly-differentiated HCC with loose
cohesive pattern (C) (×250).

C

WD

Figure 2 Immunohistochemical staining with anti-CD68 highlights the number
of histiocytes in cirrhotic liver cells (A), well-differentiated HCC (B) and poorly-

PD

differentiated HCC (C). (A, C ×250; B ×400).
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Table 2 Mann-Whitney analysis of score representing immunostaining
for COX-2, CD68 and number of MCs in liver cirrhosis and HCC tissues

COX-2
CD68
MCT

LC

HCC

z

P

5
(3-5)
5
(3-5)
4
(2-18)

1
(0-5)
3
(0-4)
1
(0-10)

3.7

<0.0001

4.2

<0.0001

4

<0.0001

LC: liver cirrhosis; HCC: hepatocellular carcinoma.
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cells were found only in the portal tracts and septa. As shown
in Figure 4, CD34+cells were clearly found in welldifferentiated HCC, whereas poorly-differentiated HCC
showed few or no vessels (Figure 4B). The mean score was
2 (0-14) in well- and 0 (0-2) in poorly- differentiated HCC
(z = 3.3, P<0.001).

A
WD

(Figures 2B and C) and was completely absent in some
cases of poorly-differentiated HCC.
Immunostaining of mast cells
Mast cells were recognized by using anti-human tryptase
mAb. Tryptase is a neutral protease contained in the secretory
granules of MCs. Tryptase-positive mast cells (MCT) were
abundant and mainly localized in the portal tracts of nontumorous liver tissues (Figure 3A). The number of MCs
was significantly lower in HCC tissue than in surrounding
cirrhotic liver tissue (P<0.0001, Figure 3A and Table 2).
However, different histological grades of HCC showed
different number of MCs (Figure 3B), well-differentiated
HCC showed the highest number of MCs which tended to
decrease in less-differentiated HCC (z = 4.1, P<0.0001).

B
PD

A
Figure 4 Immunohistochemical expression of CD34 underlining striking differences
between well-differentiated HCC (A) and poorly-differentiated HCC (B). (×250).

HCC
LC

B
MD

WD

Figure 3 Immunohistochemical staining with anti-human mast cell tryptase in
cirrhotic and HCC tissues (A) and in well-differentiated HCC and moderatelydifferentiated HCC (B). (x 250).

Immunostaining of endothelial cells
The presence of microvessels inside the tumor mass was
evaluated by staining endothelial cells with anti-CD34
antibody. In the surrounding cirrhotic tissue CD34-positive

COX-2 expression as evaluated in all HCC sites (WDHCC+PD-HCC, n = 23) significantly correlated with the
presence of macrophages (P<0.001), mast cells (P<0.0001)
and CD34 expression (P<0.0001). The presence of CD68+
cells significantly correlated with the number of MC T
(P<0.0001) and CD34 expression (P<0.001). The number
of MCT in HCC significantly correlated with CD34 expression
(P<0.001).
To confirm the relationship between angiogenesis expressed as CD34 (dependent variable) and other parameters
(independent variables), multiple linear regression analysis
was performed. A close association was found between
CD34 and COX-2 (β = 0.69, P<0.002, R2 = 0.65), while no
association was found between CD68 (P<0.07) and MCT
(P = not significant).

DISCUSSION
Tumor angiogenesis is essential for tumor growth, and depends
on angiogenic factors produced by tumor cells and/or
infiltrating cells in tumor tissue. The tumor microenvironment
largely orchestrated by inflammatory cells is an indispensable
participant factor in the neoplastic process. The inflammatory
component of a developing neoplasm includes a varied
leukocyte population, e.g., macrophages, neutrophils,
eosinophils, and mast cells, all of which are variably loaded
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with an assorted array of cytokines, cytotoxic mediators
including reactive oxygen species, serine-, cysteine-, and
metalloproteases, membrane-perforating agents, and soluble
cell killing mediators, such as TNF-α, interleukines, and
interferons[24,25].
In recent years, a number of studies have correlated COX-2
expression with tumor angiogenesis[2-5]. In addition, accumulation
of inflammatory cells, macrophage and mast cells coupled
with angiogenesis can be found in the literature[11-17,20,21].
In this study, we evaluated the association of COX-2
expression with angiogenesis and the number and type of
inflammatory cells in primary HCC and surrounding NT
tissues, as well as their association with differentiation grades
in HCC tissues. A previous study demonstrated that dedifferentiation occurs with time and tumor growth[26]. In our
study, a single tumor node showing areas with different
histological grades was found in most HCC tissues. This
allowed us to compare well-differentiated tumors with poorlydifferentiated tumors in the same subject, and therefore to
determine the role of molecules and cells analyzed during
HCC progression.
We found that COX-2 expression and the number of
macrophages/Kupffer cells and MCs were higher in adjacent
NT tissues than in tumors. However, due to our limited
patient population (n = 14) no correlation was observed by
comparing each parameter in NT and tumor tissues in the
same patient (data not shown). In addition, no correlation
was found between the presence of inflammatory cells and
COX-2 expression in peri-tumorous cirrhotic liver (data not
shown).
We found that COX-2 was expressed in all HCC cases,
which is in agreement with the results reported by Koga[6]
and Bae [8] . COX-2 expression was higher in welldifferentiated HCC than in poorly-differentiated HCC,
suggesting that COX-2 may be involved in the early stages of
hepatocarcinogenesis. The reduction of COX-2 expression
during tumor progression is not common in all types of
cancer. A possible explanation of this different behavior is
that, in some cell types COX-2 over-expression may cause
a growth disadvantage during tumor progression. This is in
agreement with the results of Trifan et al.[27], who reported
that COX-2 overexpression is able to induce cell cycle arrest
in a variety of cell types.
Although the functions of intra-tumor macrophages/
Kupffer cells and MCs are still unclear, two hypotheses
have been advanced about their possible role in tumor
lesions. One hypothesis suggests that both cell types are
important in the host defense mechanism and anti-tumor
effects, the other postulates that they may directly promote
tumor growth, invasion and neovascularity. Our results, in
agreement with previous observations, show that there is a
significant difference in the number of CD68+cells between
well- and poorly-differentiated HCC, and that the latter
contains few of these cells. Similarly, the number of MCT
decreases significantly with tumor dedifferentiation. These
results suggest that the decrease in inflammatory cells is closely
related to the differentiation grade and tumor progression.
In view of these results, it is reasonable to hypothesize that
both cell types may have an inhibitory effect on HCC cell
proliferation.
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Moreover, the data of this study seem to suggest a correlation between both cell types and COX-2 expression and
tumor angiogenesis, although COX-2 expression is the only
independent variable that shows a significant positive
correlation with CD34.
In conclusion, there is a relationship between COX-2
expression and the neovasculature of human HCC. Therefore,
it is likely that COX-2 inhibition may block HCC-associated
angiogenesis, thus providing a rationale for the use of
selective COX-inhibitors in the treatment of this malignancy.
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HIF-1α co-localized in cancerous tissues. Notably, the
formation of 8-oxodG was correlated significantly with
lymphatic invasion (r = 0.386 and P = 0.018). Moreover, 8nitroguanine and 8-oxodG in non-cancerous tissues were
associated significantly with neural invasion (P = 0.042
and P = 0.026, respectively). These results suggest that
reciprocal activation between HIF-1α and iNOS mediates
persistent DNA damage, which induces tumor invasiveness
via mutations, resulting in poor prognosis.
CONCLUSION: The formation of 8-nitroguanine and 8-oxodG
plays an important role in multiple steps of genetic changes
leading to tumor progression, including invasiveness.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: Nitrative and oxidative DNA damage such as 8nitroguanine and 8-oxo-7,8-dihydro-2’-deoxyguanosine
(8-oxodG) formation has been implicated in initiation and/
or promotion of inflammation-mediated carcinogenesis.
The aim of this study is to clarify whether these DNA
lesions participate in the progression of intrahepatic
cholangiocarcinoma.
METHODS: We investigated the relation of the formation
of 8-nitroguanine and 8-oxodG and the expression of
hypoxia-inducible factor-1α (HIF-1α) with tumor invasion
in 37 patients with intra-hepatic cholangiocarcinoma.
RESULTS: Immunohistochemical analyses revealed that
8-nitroguanine and 8-oxodG formation occurred to a much
greater extent in cancerous tissues than in non-cancerous
tissues. HIF-1α could be detected in cancerous tissues in
all patients, suggesting low oxygen tension in the tumors.
HIF-1α expression was correlated with inducible nitric oxide
synthase (iNOS) expression (r = 0.369 and P = 0.025)
and 8-oxodG formation (r = 0.398 and P = 0.015).
Double immunofluorescence study revealed that iNOS and

INTRODUCTION
Intra-hepatic cholangiocarcinoma (ICC), an adenocarcinoma
originating from intra-hepatic bile duct epithelium, presents
in most cases with an extremely poor prognosis[1]. The
highest proportional incidence of ICC is observed in the
north-east region of Thailand, in which Opisthorchis viverrini
(OV) infection is endemic [2,3]. Thus, molecular markers
serving as predictive factors are needed to provide effective
therapy as well as to understand the underlying mechanisms
of ICC carcinogenesis.
Infections are well accounted for association with several
types of cancer including ICC through chronic inflammation[4,5].
Production of a large amount of reactive oxygen species
(ROS) and reactive nitrogen species (RNS), such as nitric
oxide (NO), is associated with an increased risk of human
cancer[6-8]. 8-Oxo-7,8-dihydro-2’-deoxyguanosine (8-oxodG),
a marker of DNA damage by ROS[9], is a mutagenic lesion
leading to G T transversions[10,11], which are frequently
found in tumor relevant genes in a variety of cancers. NO
generation by inducible nitric oxide synthase (iNOS) is triggered
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during infection and inflammation[12]. Overproduction of NO
leads to the generation of various RNS, causing nitrative
DNA damage such as 8-nitroguanosine formation [13] .
8-nitroguanine undergoes spontaneous depurination, which
leads to apurinic sites in DNA[13]. The resulting apurinic
sites in DNA can also lead to G T transversions [14].
Recently, we have reported 8-nitroguanine formation in the
liver of hamsters re-infected with OV[15-17]. We have also
demonstrated the accumulation of 8-nitroguanine in human
gastric epithelium induced by Helicobacter pylori infection,
which is associated with gastric cancer[18]. Thus, we have
proposed that 8-nitroguanine and 8-oxodG can be
biomarkers of initiation and/or promotion in cases of
carcinogenesis mediated by inflammation. However, the
role of 8-nitroguanine and 8-oxodG in tumor progression
in ICC has not been elucidated.
Tumor growth induces hypoxia, which is associated with
poor prognosis[19]. Tumor cells adapt to hypoxia by increasing
the synthesis of hypoxia-inducible factor-1α (HIF-1α),
which mediates transcription of various genes, including
vascular endothelial growth factor, glucose transporter 1,
lactate dehydrogenase and iNOS [19], in solid tumors. It
remains to be clarified whether HIF-1α is associated with
DNA base lesions and tumor invasion, resulting in poor
prognosis with ICC patients.
To evaluate prognostic factors in ICC carcinogenesis,
we investigated the formation of 8-nitroguanine and
8-oxodG, and the expression of iNOS and HIF-1α in the
liver of ICC patients by immunohistochemistry. We raised
a highly specific antibody against 8-nitroguanine without
cross reaction by immunizing with an 8-nitroguaninealdehyde-rabbit serum albumin conjugate. We investigated
the association of DNA damage in the liver tissue with
neural and lymphatic invasion in ICC patients.

MA
TERIALS AND METHODS
MATERIALS
Subjects
This study was approved by the Ethics Group of the Human
Research Committee, Khon Kaen University, Thailand. Patients
undergoing surgical resection of hepatogastrointestinal
cancer in 1998 and 1999 at the Department of Surgery,
Faculty of Medicine, Khon Kaen University, Thailand, were
asked to volunteer for this study. Informed consent was
obtained from each subject. Gross appearance of 37 surgical
specimens was classified as periductal-infiltrating (11 patients)
or mass-forming (26 patients) types. In addition, nine healthy
individuals of accidental cause of death were used as controls.
Specimen collection and storage
ICC cases were clarified by physicians using clinical finding
and laboratory investigation such as tumor markers, including
α-fetoprotein, carcinoembryonic antigen and carbohydrate
antigen 19-9, X-ray and histological examination. Liver tissues
in both cancerous and adjacent non-cancerous region were
obtained from the same patients in all cases. Sections were
immediately frozen in liquid nitrogen and stored at -80
until analysis. The International Union against Cancer TNM
classification and staging system were used for tumor assessment.
Liver function test and complete blood count were performed
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by the hospital laboratory using standard protocols.
Reagents
Highly sensitive and specific anti-8-nitroguanine rabbit
polyclonal antibody was raised as described previously[17].
Mouse monoclonal anti-8-oxodG antibody was purchased
from Japan Institute for the Control of Aging (Fukuroi,
Japan). Rabbit polyclonal anti-iNOS antibody and mouse
monoclonal anti-HIF-1α antibody were purchased from
Calbiochem-Novabiochem Corporation (Dar mstadt,
Germany). Alexa 594-labeled antibody against rabbit IgG
and Alexa 488-labeled antibody against mouse IgG were
obtained from Molecular Probes Inc. (Eugene, OR, USA).
Immunohistological staining
Immunohistochemical staining was performed by using
immunoperoxidase methods. Sections (thickness, 6 µm) were
deparaffinized in xylene and rehydrated in descending
gradations of ethanol. To enhance the immunostaining,
sections were placed in citrate buffer (pH 6) and microwaved
intermittently for up to 10 min for antigen unmasking. Endogenous peroxidase was quenched by immersion in 30 mL/L
hydrogen peroxide (H2O2) for 30 min, and then blocked
with 10 mg/L skimmed milk for 30 min. These sections
were treated with the primary antibodies (2 µg/mL for
8-nitroguanine and 5 µg/mL for 8-oxodG) overnight at room
temperature. The slides were then washed, and incubated
for 3 h with goat anti-rabbit IgG antibody, followed by the
treatment with peroxidase–anti-peroxidase complex (1:200)
for 1 h for detection of 8-nitroguanine. To detect 8-oxodG,
the slides were treated with HRP-conjugated goat anti-mouse
IgG antibody (1:200). The immunostaining were developed
by using 3,3-diaminobenzidine tetrahydrochloride as a
chromogen for 15 min.
The expression of iNOS and HIF-1α was assessed by
using double immunofluorescence technique as described
previously[18]. Briefly, the sections were treated with antiiNOS antibody (1:300) and anti-HIF-1α antibody (1:500)
and then treated with Alexa 594-labeled antibody against
rabbit IgG and Alexa 488-labeled antibody against mouse
IgG (1:400 each). The results were analyzed by using a
laser scanning microscope.
The following scores were assigned to each specimen
according to the degree of staining: 0, negative; +, less than
25% (minimal); ++, 25-50% (moderate); and +++, more
than 50% (strong) in the cells of tissue sections.
Histopathological study
Histopathological study was performed by hematoxylin and
eosin staining in paraffin sections as described previously[20].
Neural invasion and lymphatic invasion were assessed by
standard method[21].
Examination of specific IgG antibody against OV antigen and
OV eggs
OV-specific IgG antibody was determined by ELISA technique[22].
Crude somatic antigen of OV was prepared from hamsters
infected with 100 metacercariae after 4 mo as described
previously[20]. The OV egg count was determined from 1 g of
feces using the formalin-ethyl acetate concentration technique[22].
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Statistical analysis
Significant differences were analyzed by the χ2-test. Spearman’s
rank correlation coefficient served to analyze correlations
for qualitative data, while Pearson’s correlation coefficient
was used for quantitative data. P values less than 0.05 were
considered to be statistically significant.

RESUL
TS
RESULTS
Clinical data of ICC patients
ICC samples, comprising 37 matched cancerous and
adjacent noncancerous tissues and 9 healthy subjects who
died from accidental cases, were collected at the time of
surgery. ICC patients included 26 men and 11 women with
the mean age 53±11 years. These subjects were verified by
histopathological study and comprised of well (15 patients,
including 2 patients of papillary), moderately (11 patients)
and poorly (11 patients) differentiated adenocarcinoma. The
gross appearance was periductal infiltrating (11 patients)
and mass forming (26 patients). Tumor size was 3-6 cm
(22 patients), 7-10 cm (4 patients) and >10 cm (4 patients).
The average of hemoglobin and hematocrit of all patients
was 11.7±2.3% and 34.7±6.5%, respectively. Most of the
patients (22 out of 37, 59.5%) had total bilirubin less than
1 mg% without jaundice, and other patients had total bilirubin
of 1-10 mg% (5 patients) and >14 mg% (10 patients). Sixty
percent was positive for OV antibody and 30% was positive
for OV egg, without adult worm in the liver. All patients
had no history of infection with hepatitis virus and exposure
to aflatoxin.
Formation of 8-oxodG and 8-nitroguanine
Immunohistochemical staining demonstrated that 8-oxodG
and 8-nitroguanine formation was observed in inflammatory
cells within the liver to a greater extent in cancer patients
than in healthy subjects. 8-oxodG and 8-nitroguanine were
formed to a much greater extent in cancerous tissues than
that in non-cancerous tissues. 8-oxodG formation was
observed in tumor cells and inflammatory cells, whereas
8-nitroguanine was formed mainly in inflammatory cells
and weakly in tumor cells in cancerous tissues (Figure 1).
We have confirmed that the anti-8-nitroguanine antibody is
highly sensitive and specific by a dot immunobinding assay
and absorption test[17].
Expression of HIF-1α and iNOS
Double immunofluorescence staining revealed that HIF-1α
and iNOS expression could be detected in all cancerous
tissues and was found to a greater extent than in noncancerous tissues. Expression of HIF-1α and iNOS was
found in the tumor tissues especially bile duct epithelial
cells (Figure 2). Slight immunoreactivity of iNOS was
observed in inflammatory cells, especially Kupffer cells, in
healthy subjects.
The correlation of 8-oxodG and 8-nitroguanine formation and
iNOS expression with tumor invasion
Table 1 exhibits the relationship of DNA damage with
lymphatic and neural invasion in ICC patients. Immunoreactivity for 8-oxodG and 8-nitroguanine was stronger in
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Figure 1 Localization of 8-oxodG and 8-nitroguanine in cancerous and
noncancerous liver tissues in an ICC patient with a well-differentiated
adenocarcinoma. Formation of 8-oxodG and 8-nitroguanine was assessed by
immunohistochemistry using an immunoperoxidase method. Paraffin sections
(6 µm thickness) were incubated with a rabbit polyclonal anti-8-nitroguanine
antibody and a mouse monoclonal anti-8-oxodG antibody. The original
magnification is 200×.

cancerous tissues than in the adjacent non-cancerous tissues
(P<0.05). HIF-1α could be detected in all cancerous tissues.
HIF-1α expression was correlated with iNOS expression
(r = 0.369 and P = 0.025) and 8-oxodG formation (r = 0.398
and P = 0.015) in cancerous tissues. Furthermore, iNOS
expression was significantly correlated with the formation
of 8-oxodG (r = 0.584 and P = 0.00015) and 8-nitroguanine
(r = 0.328 and P = 0.047). 8-oxodG formation in cancerous
tissues was also significantly correlated with increased
lymphatic invasion (r = 0.386, P =0 .018). The formation
of 8-nitroguanine and 8-oxodG in non-cancerous tissues
was significantly associated with neural invasion (P = 0.042
and P = 0.026, respectively). Neural invasion was associated
with poor survival by generalized Wilcoxon test (P = 0.021)
using the Kaplan-Meier method (Figure 3). In addition, in
cancerous tissues, formation of 8-oxodG and 8-nitroguanine
was positively correlated with serum ALT, AST and alkaline
phosphatase (ALP) (r = 0.76, 0.58, and 0.96 for 8-oxodG
and r = 0.63, 0.58, and 0.86 for 8-nitroguanine, respectively).
Moreover, iNOS expression was also associated with ALT,
AST, ALP (r = 0.71, 0.97 and 0.82, respectively).

DISCUSSION
Our results showed that both 8-nitroguanine and 8-oxodG
were formed in cancerous tissues to a much greater extent
than the adjacent non-cancerous tissues. Moreover, the
formation of these DNA lesions was correlated with neural
and lymphatic invasion. 8-oxodG was formed in tumor cells
and inflammatory cells, whereas 8-nitroguanine was observed
mainly in inflammatory cells and weakly in tumor cells. These
results are consistent with a model in which tumor cells
encourage inflammatory cell infiltration in cancerous areas;
inflammatory cells then induce 8-nitroguanine and 8-oxodG
formation via NO and superoxide anion radical production[23].
The present study revealed that 8-nitroguanine and
8-oxodG formation was related with serum ALT, AST, and
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Figure 2 Localization of iNOS and HIF-1α in cancerous liver tissues in an ICC
patient with poorly-differentiated adenocarcinoma. The expression of iNOS and
HIF-1α was assessed by using double immunofluorescence technique. Paraffin

sections were treated with anti-iNOS and anti-HIF-1α antibodies. The original
magnification is 400×.

ALP activity. This result is supported by the report showing
that the number of 8-oxodG-positive hepatocytes was
correlated with ALT and AST in liver diseases[24]. These
findings can be explained by assuming that increase in NO
and ROS not only causes DNA damage, but also induces
epithelial bile duct and hepatocyte injury, resulting in an
increase in hepatobiliary enzyme activities.
Our results showed that HIF-1α was associated with
iNOS expression and 8-oxodG formation in cancerous
tissues. This result is confirmed by immunohistochemistry
showing that iNOS and HIF-1α co-localized in cancerous
tissues. HIF-1α could be detected in all cancerous tissues,
suggesting low oxygen consumption in tumor tissues. Tumor
cells adapt to hypoxia by increasing the synthesis of HIF-1α,

which mediates transcription of various genes, including
iNOS[19]. iNOS expression was correlated with both 8nitroguanine and 8-oxodG formation. Therefore, we hypothesize that tumor hypoxia induces HIF-1α expression, and
then HIF-1α mediates iNOS expression, resulting in nitrative
and oxidative DNA damage. On the other hand, an increase
in NO production through iNOS expression not only causes
DNA damage[25] but also induces the accumulation and
activation of HIF-1α[ 26,27]. Therefore, these findings lead
to an idea that reciprocal activation between HIF-1α and
iNOS mediates persistent DNA damage. Hypoxia in tumor
cells increases the generation of mitochondrial H2O2 at
complex III[28], which may lead to 8-oxodG formation.
Interestingly, we found that 8-oxodG formation in cancerous

Table I Relationship of DNA damage with lymphatic and neural invasion in ICC patients

Immunohistological
grading

8-oxodG
Number of
patients (%)
Cancerous

ICC (37)
0

Non-cancer

8-Nitroguanine
Number of
patients (%)

HIF-1α
Number of
patients (%)

Cancerous

Non-cancer

Cancerous

Cancerous

Cancerous

Non-cancer

Non-cancer

-

5 (13.51)

11 (29.73)

17 (45.95)

-

9/11 (81.82)

1/5 (20)

8/17 (47.1)

+
++

11 (29.73)
11 (29.73)

17 (45.94)
10 (27.03)

13 (35.14)
8 (21.62)

19 (51.35)
1 (2.70)

10 (27.03)
18 (48.65)

6/11 (54.55)
10/11 (90.91)

10/13 (76.92)
6/8 (75)

14/17 (82.4)
5/10 (50)

16/19 (84.2)
0/1 (0)

+++
P-value

15 (40.54)
P = 0.004

5 (13.51)

5 (13.51)
P = 0.007

-

9 (24.32)

14/15 (93.33)
P = 0.018

5/5 (100)
P = 0.679

4/5 (80)
P = 0.042

P = 0.026

Healthy (9)
0

2 (22.22)

7 (77.77)

+

7 (77.77)

2 (22.22)

-

Number (%) Number (%) Number (%) of Number (%)
of patients
of patients
patients with of patients
with
with
neural
with
lymphatic
lymphatic
invasion
neural
invasion
invasion
(8-oxodG)
invasion
(8-oxodG) (8-nitroguanine)
(8-nitroguanine)

Non-cancer = noncancerous tissues. 0 = no positive cell, + = positive in few areas or cells, ++ = moderately positive and +++ = predominately positive. ICC samples,
comprising 37 matched cancerous and adjacent noncancerous tissues and 9 healthy subjects who died from accidental cases were collected at the time of surgery. ICC
patients included 26 men and 11 women with the mean age 53±11 years. These subjects were verified by histopathological study and comprised well- (15 patients,
including 2 patients of papillary), moderately- (11 patients) and poorly (11 patients) differentiated adenocarcinoma. The International Union Against Cancer TNM
classification and staging system were used for tumor assessment.
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Figure 3 Overall survival curve of ICC patients. Thin line, neural invasion
evaluated as -; thick line, neural invasion evaluated as + (Kaplan-Meier
method).

species generated endogenously in the process of tumor
hypoxia. These DNA lesions could contribute to multiple
steps of carcinogenesis, leading to tumor progression,
including invasiveness.
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reports lead to an idea that tumor hypoxia mediates HIF1α expression, followed by iNOS expression, and nitrative
and oxidative DNA damage, which induces tumor
invasiveness via mutations. Tumor growth facilitates tumor
hypoxia and subsequent expression of HIF-1α and iNOS
to cause DNA damage in addition to DNA damage mediated
by inflammatory cells, resulting in tumor development.
Tumor tissues may undergo development through repetition
of this process, resulting in invasion and metastasis, leading
to poor prognosis.
The combination of previous data with the results of
this study, proposes a model in which 8-nitroguanine and 8oxodG induced by inflammation and hypoxia may participate
in tumor invasion, functioning in combination with DNA
damage-independent mechanisms, including NO-mediated
promotion of migratory, invasive and angiogenic properties[37].
We previously reported that OV infection induced the
formation of 8-oxodG and 8-nitroguanine through chronic
inflammation at the initiation and/or promotion step of
carcinogenesis [16]. In addition, we hypothesize that 8nitroguanine and 8-oxodG may also contribute to progression
of carcinogenesis mediated by chronic OV infection. In
this study, we demonstrated earlier that 8-nitroguanine was
formed by cancerous tissues in humans, and this observation
strongly supports our hypothesis. In conclusion, the formation
of 8-nitroguanine and 8-oxodG is mediated by reactive
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Abstract
AIM: To detect the expression of a proliferation-related
ligand on human hepatocellular carcinoma (HCC) cell lines
(SK-Hep1, HLE and HepG2) and in culture medium.
METHODS: APRIL expression was analyzed by Western
blotting in HCC cell lines. Effects of APRIL to cell count
and angiogenesis were analyzed, too.
RESULTS: Recombinant human APRIL (rhAPRIL) increased
cell viability of HepG2 cells and, in HUVEC, rhAPRIL
provided slight tolerance to cell death from serum
starvation. Soluble APRIL (sAPRIL) from HLE cells
increased after serum starvation, but did not change in
SK-Hep1 or HepG2 cells. These cells showed down-regulation
of VEGF after incubation with anti-APRIL antibody.
Furthermore, culture medium from the HCC cells treated
with anti-APRIL antibody treatment inhibited tube
formation of HUVECs.
CONCLUSION: Functional expression of APRIL might
contribute to neovascularization via an upregulation of
VEGF in HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Cytokines regulate cellular proliferation and differentiation
by binding to their specific receptors on target cells[1]. Tumor
necrosis factor (TNF) is the prototypic member of a family
of cytokines playing an important role in immune regulation
and cancer[2,3].
A proliferation-inducing ligand (APRIL), a new member
of the TNF family, is reported to stimulate tumor cell
growth [4-6], modulate tumor cell apoptosis[7-9], or activate
nuclear factor-kappa B (NF-κB) [10,11] . APRIL also is
associated with regulation of humoral immunity[6,12]. APRIL
is a type II membrane protein, which is typical of the TNF
ligand family member[4]. The sequence of the extracellular
domain of APRIL shows homology with FasL, TNFα, LTβ,
TRAIL, TWEAK, and TRANCE[4]. In particular, APRIL
shares significant homology with B-lymphocyte stimulator
(BLys)[13]. Though the TNF ligand family is synthesized into
membrane-bound proteins, of which several are cleaved
into a soluble form, APRIL is processed intracellularly and
secreted from the cell surface[14].
The expression of APRIL mRNA or protein has been
detected in many tumor cells and tissues[4,5,7], but is almost
undetectable in normal tissues[5]. Hence, APRIL may provide
a significant growth advantage to malignant cells. Because soluble
APRIL can stimulate tumor cell growth[1], APRIL may
provide its signal in an autocrine and/or paracrine mode[5].
APRIL binds to two TNF receptor families, transmembrane
activator and CAML interactor (TACI) and B cell maturation
antigen (BMCA) with relatively high affinity[6,10,15]. It is clear
that TACI and BCMA intracellular signaling is similar to
that of other TNF receptor homologs without a death
domain[16,17]. However, the signaling transduction pathway
triggered by APRIL that prolongs lymphocyte survival is
still not characterized[18]. A soluble form of BCMA inhibits
APRIL activity and decreases tumor cell proliferation[19].
NZB/WF1 mice, which develop chronic autoimmune
disease, can inhibit development of proteinuria and
prolongation of survival after being treated with soluble
TACI-Ig fusion protein treatment[20]. These observations
imply the importance of APRIL via these receptors with
tumor cell or lymphocyte survival. However, in Jurkat
cells, APRIL induces cell death and binds to other TNF
family receptors[7]. An additional APRIL-specific receptor
expressed on cell surfaces other than TACI or BMCA, is
implied adenocarcinoma or fibroblast tumor cells lacking
any detectable BCMA or TACI expression even though
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these cells respond to growth stimulatory effects of
APRIL[5,19]. However, the function of APRIL in tumor cells
is not well elucidated.
Therefore, we investigated the function of APRIL in
HCC cell lines and human umbilical vein endothelial cells
(HUVEC). We further investigated the expression of APRIL
in HCC cells and evaluated the effects of APRIL on
neovascularization.

MA
TERIALS AND METHODS
MATERIALS
Cell lines and reagents
Human umbilical vein endothelial cells (HUVECs), and
human HCC cell lines, HepG2 and SK-Hep1 cells were
purchased from American Type Culture Collection (Rockville,
MD, USA). Human HCC cell line, HLE was purchased
from the Health Science Research Resource Bank (Osaka,
Japan). HCC cell lines were cultured in Dulbecco’s modified
Eagle’s medium (Dainippon Pharmaceutical Co., Ltd.,
Osaka, Japan) at 37 . All media were supplemented with
1% penicillin/streptomycin (GIBCO BRL, Grand Island,
NY, USA) and 10% heat-inactivated fetal calf serum
(GIBCO BRL). HUVECs were cultured in HuMedia-EG2
(KURABO, Osaka, Japan). Recombinant human APRIL
(rhAPRIL) was purchased from ALEXIS Biochemicals
(Switzerland). Anti-APRIL polyclonal antibody was
purchased from ψ ProSci Incorporated (Poway, CA, USA).
Anti- vascular endothelial growth factor (VEGF) mAb and
anti-α-tubulin mAb were purchased from Oncogene
Research Products (Boston, MA, USA). Normal rabbit IgG
was purchased from Santa Cruz Biotechnology, Inc. (Santa
Cruz, CA, USA). Recombinant human VEGF (rhVEGF)
was purchased from Peprotech EC Ltd. (London, UK).
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and probed for 2 h at room temperature
overnight at 4
with primary antibody. The immunoblots were then probed
with horseradish peroxidase-conjugated immunoglobulin
(Ig) G (1:2 000 diluted with 5% non-fat dried milk in
Tris-HCl; pH 7.5 and 0.05% Tween 20). Signal was
detected with an ECL kit (Amersham Pharmacia Biotech,
Buckinghamshire, UK).
Angiogenesis assay
Matrigel (BD Biosciences, MA) was placed in an 8-well
Lab-tek II chamber slide (NUNC TM Brand Products,
for
Denmark) (100 µL/well) and allowed to set at 37
30 min. HUVECs were added to each well (4×104) and
incubated in the culture medium of HCC cells with rabbit
IgG or anti-APRIL polyclonal antibody at 37× for 6 h in a
50 mL/L CO2 atmosphere. Tube formation was observed
by microscopy (OLYMPUS, Tokyo, Japan).

RESUL
TS
RESULTS
APRIL expressions in human HCC cell lines
APRIL expression in 3 human HCC cell lines (SK-Hep1,
HLE, HepG2) was investigated. Bands corresponding to
the expression in 42 ku unprocessed form of APRIL were
observed in all human HCC cell lines (Figure 1). SK-Hep1
or HepG2 cells, were similar, but weaker in HLE cells.
In addition to the unprocessed form, a lower molecular
weight form (17 ku) was observed in HCC cell lysates and
supernatants (Figure 1). This was thought to be a soluble
form of APRIL. The soluble form of APRIL was observed
in the three HCC cell lysates and supernatants. The soluble
form of APRIL was most strongly expressed in supernatant
from SK-Hep1 cells.

Assessment of count of HCC cells and HUVECs
To assess the viability of HCC cells and HUVECs, the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) assay was performed. The cells were plated
at a density of 5×103 cells/well in 96-well microtiter plates
(Corning Glass Works, Corning, NY, USA) and each plate
was incubated for 24 h at 37 in 50 mL/L CO2. Reagents
were added and the plates were incubated for the indicated
time. The live-cell count was determined using a Cell Titer
96 assay kit (Promega, Madison, WI, USA) according to
the manufacturer’s instructions. The absorbance of each
well was measured at 570 nm with a microtiter plate reader
(Bio-Rad Laboratories, Hercules, CA, USA).

Figure 1 APRIL expression in human HCC cell lines and their supernatants by
Western blotting. Closed arrowhead indicates the expression of unprocessed form of
APRIL (42 ku) and open arrowhead indicates the soluble form of APRIL (17 ku).

Western blotting
Expression of APRIL was analyzed by Western blotting.
HCC cells were harvested and lysed in lysis buffer (50 mmol/L
Tris-HCl, pH 8, 150 mmol/L NaCl, 5 mmol/L EDTA,
1% NP-40, 1 mmol/L phenylmethyl-sulfonyl fluoride)
on ice. Protein content was measured using a Bio-Rad
protein assay kit (Bio-Rad Laboratories). Equal amounts
of protein from each extract were separated by 14% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDSPAGE) and transferred onto nitrocellulose membranes (Toyo
Roshi, Tokyo, Japan). Blots were blocked by incubation in
5% non-fat dried milk in Tris buffered saline (TBS)

Effect of recombinant human APRIL (rhAPRIL) in human HCC
cell lines and HUVECs
We analyzed the effect of rhAPRIL on proliferation of
human HCC cells. After 72-h incubation, the HCC cell
counts slightly increased at the concentrations of 1, 10, or
100 ng/mL (Figure 2A), the greatest effects were observed
at concentration of 1 ng/mL in HepG2 cells.
Since HCC is generally a hypervascular tumor[21] and
gains its hypervascularity during dedifferentiation and
progression [22], we investigated the effect of rhAPRIL
stimulation on the proliferation of HUVECs.
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An increase in proliferation at the concentration of
100 ng/mL rhVEGF was observed in the presence or
absence of FBS and EGF (Figure 2B). In particular,
rhVEGF effectively inhibited cell death induced by cell
starvation. The cell viability of HUVECs slightly increased
with the stimulation of 1 ng/mL rhAPRIL and the same
concentration of rhAPRIL inhibited cell death with starvation
(Figure 2C). From these results, we confirmed that APRIL
could induce cell proliferation and cell death inhibition in
HCC cells and HUVECs, but we also observed that the
effect of APRIL on HCC cell lines was not so potent.
APRIL could mediate regulation of cell growth, induce
XIAP expression and decrease caspase activity [23]. We
examined the expression of apoptosis-related proteins,
including FLICE/caspase-8 inhibitory protein (FLIP),
X-chromosome-linked inhibitor of apoptosis (XIAP), BclxL,
Apaf-1, and smac in HCC cell lines and HUVECs after
APRIL stimulation. However, these apoptosis-related
proteins did not show changes in expression levels after
APRIL stimulation (data not shown).

we considered that APRIL might be associated with VEGF
expression in HCC cells. So, we used anti-APRIL antibody
to bind to sAPRIL in culture medium and to inhibit APRIL
effects mediated by an autocrine or paracrine system. As
shown in Figure 4B, blockade of APRIL by anti-APRIL
antibody induced downregulation of VEGF expression in
SK-Hep1 and HepG2 cells, compared to controls with
normal IgG.

Regulation of APRIL in human HCC cell lines
We examined the expression of APRIL after serum starvation
in HCC cells and HUVECs (Figure 3). Serum starvation
increased the expression of both the unprocessed and soluble
forms of APRIL in HLE. In SK-Hep1 and HepG2 cells,
serum starvation did not induce upregulation of APRIL,
however its expression was maintained. sAPRIL eventually
disappeared after 24’h of serum starvation in SK-Hep1 cells,
whereas HepG2 cells maintained sAPRIL expression.
APRIL was associated with VEGF expression in HCC cell lines
We observed APRIL expression and regulation by serum
starvation in human HCC cell lines. In particular, the
serum starvation induced APRIL expression in HLE cells.
VEGF might be associated with angiogenesis or tumor
progression[24-31] and VEGF expression could be induced by
stress, for example hypoxia or ischemia, in HCC cells[24,25,28,29].
All HCC cell lines showed expression of VEGF with serum
starvation, although the modulation of VEGF expression
differed among three cell lines (Figure 4A). In SK-Hep1
and HepG2 cells, VEGF expression was stable for 12 h. In
contrast, VEGF expression in HLE cells was not observed
until 48 h and was less than that in SK-Hep1 or HepG2 cells.
Because APRIL was expressed constitutively in SK-Hep1
and HepG2 and upregulated in HLE cells after starvation,
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Figure 2 Effects of rhAPRIL stimulation on viability of human HCC cells (A) and
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Finally, we observed that culture medium from the HCC
cells incubated with anti-APRIL polyclonal antibody inhibited
endothelial cell tube formation in matrigel (Figure 5).

Rabbit IgG+

Anri-APRIL+

SK-Hep1

HepG2

Figure 5 Effect of APRIL on in vitro endothelial cell tube formation.

DISCUSSION
Though HCC is the most common primary cancer of the
liver and preceded by chronic hepatitis and cirrhosis, the
mechanism of hepatocarcinogenesis or tumor progression
is complex and not well understood. Cell killing and
stimulation of mitosis leading to cell transformation or
chromosomal instability induced by recombinogenic proteins
during chronic hepatitis may cause carcinogenesis of HCC[32].
HCC is resistant to conservative chemotherapy and
difficult to induce apoptosis with TNF family members[33].
On the other hand, TNF families, including TNF, TRAIL
or Fas, can induce activation of NF-κB[33-41] and the tumor
itself expresses these ligands[42,43]. These phenomena suggest
that TNF families contribute to tumor progression by
autocrine or paracrine systems. In this study, we demonstrated
that APRIL, a TNF family member, expressed in HCC cell
lines, including SK-Hep1, HLE and HepG2, and sAPRIL
was detected in culture medium of these HCC cell lines.
However, addition of rhAPRIL did not induce any
significant effect on viability of HCC cell lines, except for
HepG2 cells stimulated with 1 ng/mL rhAPRIL. Because
APRIL can induce both cell proliferation[4,5,19] and death[7]
of malignant tumors, the result of present study may
reflect that APRIL does not induce cell death so much as
proliferation in HCC cells. In contrast to other TNF
members, which are processed from the cell surface, APRIL
is processed intracellularly and sAPRIL is purified [14].
sAPRIL is used to stimulate tumor cells and induce cell
proliferation in previous studies[4,14]. The unprocessed form
of APRIL may have less ability to induce tumor cell
proliferation than sAPRIL.
APRIL enhances the growth of several tumor lines,
however, the effect is more prominent at the point of tumor
implantation than established tumor[23]. Because expanding
solid tumors, including HCC, are advanced with insufficient
nutrition or oxygen, they have to get new vascular support
to grow. In this study, HUVECs did not show significant
cell proliferation or apoptosis inhibition after APRIL
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stimulation. But HLE cells showed upregulation of APRIL
after 24 h starvation, and further prolonged starvation induced
upregulation of VEGF. In SK-Hep1 and HepG2 cells,
starvation did not significantly induce the expression of
APRIL, however, starvation promptly induced upregulation
of VEGF. These results suggest that APRIL may be associated
with expression of VEGF and induction of neovascularization
in HCC. Further more, blockade of APRIL activity by antiAPRIL antibody induced downregulation of VEGF and
inhibited tube formation of HUVECs. These results support
the notion that neovascularization and progression of HCC
may be induced by APRIL via VEGF expression.
Until now, some factors including VEGF have been
identified as mediators of angiogenesis associated with
tumors. With regard to HCC, recent studies indicate that
angiopoietin[44,45] is a target of angiogenesis. APRIL may not
be critical for HCC progression as a direct effector, but
plays an important role in neovascularization of HCC.
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Abstract
AIM: To investigate the clinical values of serum free
insulin-like growth factor II (IGF-II) levels and IGF-II mRNA
in hepatocellular carcinoma (HCC) tissues and peripheral
blood for diagnosis of HCC and monitoring of extrahepatic
metastasis.
METHODS: Total RNAs were extracted from HCC tissues
or peripheral blood mononuclear cells from patients with
HCC, liver diseases devoid of cancer, non-hepatic tumors,
and healthy controls, respectively. IGF-II cDNAs were
synthesized through random primers and reversetranscriptase, amplified by polymerase chain reaction
(PCR), and confirmed by DNA sequencing analysis. Serum
free IGF-II levels in patients with different liver diseases
were analyzed by an enzyme-linked immunosorbent assay.
RESULTS: The amplified fragments of IGF-II mRNA by
RT-PCR were identical to originally designed ones with a
size of 170 bp and confirmed by sequencing analysis.
The dilution experiments revealed that the lowest sensitivity
of our system was 2 ng/L of total RNA. The positive
frequencies of IGF-II mRNA were 100% in HCC tissues,
53.3% in para-cancerous tissues, and 0% in non-cancerous
tissues, respectively. The serum free IGF-II levels were
significantly higher in HCC than those in chronic hepatitis
or liver cirrhosis. The positive frequency of circulating
IGF-II mRNA was 34.2% in HCC, no amplified fragment

was found in other liver diseases, extrahepatic tumors,
and normal controls, respectively. The circulating IGF-II
mRNA correlated with the stage of HCC, and its positive
rate was 100% in HCC with extrahepatic metastasis and
35.5% in HCC with AFP-negative. No significant correlation
was found between tumor sizes and circulating IGF-II
mRNA fragment.
CONCLUSION: The abnormal expressions of free IGF-II
and IGF-II mRNA are useful tumor markers for HCC
diagnosis, differentiation of extrahepatic metastasis and
monitoring postoperative recurrence.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
and rapidly fatal malignancies worldwide, and has been
ranked as the second cancer killer in China since the 1990s,
particularly in the eastern and southern areas, including
the inshore area of the Yangtze River[1,2]. Major risk factors
for HCC in these areas are exposure to aflatoxin B1 (AFB1)
and infection by hepatitis viruses[3]. HCC prognosis is poor
and early detection is of utmost importance[4]. Treatment
options are severely limited by the frequent presence of
metastases [2]. Although serum α-fetoprotein (AFP) is a
useful tumor marker for the detection and monitoring of
HCC development, the false-negative rate with AFP level
alone may be as high as 40% for patients with small size
HCC [5] . However, if hepatocyte-specific mRNAs are
detected in the circulation, it is possible to infer the presence
of circulating, presumably malignant liver cells and to predict
the likelihood of hematogenous metastasis[6,7].
Insulin-like growth factor II (IGF-II) is a mitogenic
polypeptide closely related to insulin. Its gene has complex
regulation of transcription, resulting in multiple mRNAs
initiated by different promoters[8,9]. IGF-II is speculated to
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serve as an autocrine growth factor in various cancers,
because they often coexpress IGF-II and IGF-I receptors.
IGF-II is a kind of fetal growth factor and highly expressed
during hepatocarcinogenesis [10,11] and reexpression of
IGF-II gene has recently been described in HCC[12,13]. HCC
is generally considered to be a hypervascular tumor.
Although hepatic arterial embolization is widely used as an
effective treatment of HCC on the basis of hypervascularization of HCC, IGF-II may play an important role in
the development of neovascularization of HCC, because
IGF-II substantially increases vascular endothelial growth
factor (VEGF) mRNA and protein levels in a time-dependent
manner in human hepatoma cells[14]. The induction of VEGF
by IGF-II was further increased by hypoxia, and IGF-II
may be a hypoxia-inducible angiogenic factor in HCC and
stimulates the growth of HCC cells in vitro[15,16]. Park et al.,
reported that most of the cirrhotic and HCC tissues express
IGF-II [17]. However, little is known of the circulating
IGF-II in HCC.
In order to investigate the expression of IGF-II-mRNA
in patients with liver diseases, we analyzed IGF-II-mRNA
in tissues and peripheral blood of patients with HCC by
reverse-transcriptase polymerase chain reaction (RT-PCR),
and estimated the clinical values of circulating IGF-II mRNA
as a peripheral blood tumor marker in diagnosis, differential
diagnosis, and hematogenous metastasis of HCC.

MA
TERIALS AND METHODS
MATERIALS
Patients
We studied 111 patients (100 males and 11 females)
with HCC treated at Affiliated Hospital of Nantong
University, China. The patients’ ages ranged from 25 to
80 years (median, 48.3 years). Ninety patients (81%) had a
history of cirrhosis, and 32 (29%) had a history of chronic
hepatitis. Moreover, 85.6% (95/111) had hepatitis B surface
antigen (HBsAg) carriers, 10.8% (12/111) had antibody to
hepatitis C virus (anti-HCV, second generation antibody,
Shanghai, China) and 14.4% (16/111) antibody to hepatitis
G virus by enzyme-linked immunosorbent assay (ELISA,
Beijing, China), respectively. Other cases studied included
30 patients with chronic viral hepatitis (23 males and 7
females), 30 patients with acute hepatitis (18 males and 12
females), 25 patients with cirrhosis (16 males and 9 females),
25 patients with non-liver tumors (6 with lung cancer, 6
with gastric cancer, 3 with esophageal cancer, 3 with breast
cancer, 3 with colon cancer, 2 with cervical cancer, 2 with
pancreatic cancer), and 25 healthy individuals with hepatitis
B markers (HBsAg, HBcAb, HBV-DNA, and anti-HCV)negative and normal serum alanine aminotransferase (ALT)
levels from the Nantong Central Blood Bank as a control
group.
All patients were diagnosed by blood biochemical tests,
viral histology and B-ultrasonic examination. All peripheral
blood samples were collected in the morning, with anti-clot
heparin, and peripheral blood mononuclear cells were
separated immediately, according to the method as described
previously[18]. Serum AFP concentrations ranged from 30
to 2 600 µg/L (median, 418 µg/L) and exceeding 50 µg/L
was taken as a positive result. AFP-mRNA in peripheral blood
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was also detected in this study as described elsewhere[7].
The diagnosis of HCC and viral hepatitis was based on the
criteria proposed by Chinese National Collaborative Cancer
Research Group [19] and the 2000 Prevention and Cure
Scheme of Viral Hepatitis[20], respectively.
Tissue specimens
Fresh tissue specimens including cancerous, paracancerous,
and non-cancerous tissues were collected from 30 patients
who underwent operations for liver cancers at the Affiliated
Hospital of Nantong University, China. The tissue specimens
were immediately frozen in liquid nitrogen and kept at
-85
until used. The patients included 25 men and 5
women, ranging from 22 to 70 years.
Isolation of total RNA and synthesis of cDNA
Total RNAs were isolated from peripheral blood mononuclear
cells and from liver tissues by the guanidine thiocyanate
method with RNAzole reagent (Promega) and purified
as described elsewhere [21] . RNAs were dissolved in
tromethamine-HCl buffer (10 mmol/L, pH 8.0) containing
EDTA 10 mmol/L. The concentration of total RNAs was
measured by optical density at 260 nm in an ultraviolet
spectrophotometer (Shimadzu UV-2201 type, Kyoto,
Japan), and calculated µg/mg wet tissue, and it was stored
at -85 . For synthesis of cDNA, 2 µg of total RNAs was
denatured in the presence of random hexamers (200 pmol/L,
for 5 min and
Promega, Madison, WI, USA) at 95
incubated with moloney murine leukemia virus reversefor 10 min, 42
transcriptase (GIBCO, BRL) at 23
for 60 min and 95 for 10 min, then on ice for 5 min, and
stored at -20
for PCR analysis.
Amplification of nested polymerase chain reaction
The resulting cDNA was amplified by a nested PCR with
two pairs of primers. The oligonucleotides were designed
according to IGF-II sequence [22] and synthesized with
synthesizer (Model 381 A, Applied Biosystems, Foster City,
CA, USA). The sequences of the 2 external primer pairs
used for the initial PCR amplification were IGF-II-1(sense),
5’-ATGGGAATGCCAATGGGGAAG-3’ (nt 251-271)
and IGF-II-2(antisense), 5’-CTTGCCCACGGGGTATCTGGG-3’ (nt 566-586), the size of amplified gene fragment
was 336 bp. The sequences of the two internal primer pairs
used for the second PCR amplification were IGF-II-3
(sense), 5’-TGCTGCATTGCTGCTTACCG-3’ (nt 311-330)
and IGF-II-4 (anti-sense), 5’-AGGTCACAGCTGCGG
AAACA-3’ (nt 461-480). PCR amplification consisted of
initial denaturation at 94
for 5 min, followed by
94
for 25 s, 55
for 30 s, and 72
for 90 s for
30 cycles. The final product of nested PCR was 170 bp.
Human glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) genome[23] was used as a control. Primer sequence
for GAPDH was GAPDH-1 (sense), 5’-ACCACAGTCCATGCCATCAC-3’ (nt 601-620) and GAPDH-2
(antisense), 5’-TCCACCACCCTGTTGCTGT A-3’
(nt 1 033-1 052), the product of PCR was 452 bp (GAPDH
gene transcript, 40 pmol/L). The PCR products were
electrophoresed on 2% agarose gels with ethidium bromide
staining. The fragment sizes were evaluated using PCR
markers (Promega) as molecular weight standards.
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Sequencing of PCR products
The 170 bp amplified product of human IGF-II genome
was purified with the Montage PCR centrifugal filter devices
(Millipore, MA, USA) according to the instruction of
protocol. One microgram DNA was used for preparation
of sequencing reaction and directly sequenced using the
MegaBACE DNA analysis system in MegaBACE DNA
sequencer with the DYEnamic ET Dye Terminator Cycle
Sequencing Kit (Amersham Biosciences, NJ, USA), following
their protocol. The sequences were edited using the MegaBACE
Sequence Analyzer Version 3.0 program (Amersham
Biosciences) and aligned with the amplified sequences of
IGF-II genome, HCC tissue and circulating IGF-II.
Detection of serum free IGF-II protein level
The levels of serum free IGF-II protein in patients with chronic
diseases were detected by an enzymatically amplified two-step
sandwich-type immunoassay (ACTIVETM Free IGF-II ELISA,
TX). In this assay, standards, controls and serum samples were
incubated in microtitration wells, which had been coated with
anti-IGF-II antibody. After incubation and washing, the wells
were treated with another anti-free IGF-II detection antibody
labeled with the enzyme horseradish peroxidase (HRP).
After a second incubation and washing step, the wells were
incubated with the substrate tetramethylbenzidine (TMB).
An acidic stopping solution was then added and the degree
of enzymatic turnover of the substrate was determined by
dual wavelength absorbance measurement at 450 nm and
620 nm. The absorbance measured was directly
proportional to the concentration of free IGF-II present.
A set of free IGF-II standards was used to draw a standard
curve of absorbance vs free IGF-II concentration from which
the free IGF-II concentrations in the serum samples can be
calculated according to the ELISA routine method.
Statistical analysis
All patients were divided into six groups: HCC, acute
hepatitis, chronic hepatitis, cirrhosis, extrahepatic tumor, and
normal subjects. Hepatoma tissues were divided into three
groups: cancerous, para-cancerous and non-cancerous
tissues. Results are expressed as mean±SD. Differences
between different groups were assessed by the Student’s t
test or the χ2 test. P<0.05 was considered to be significant.

RESUL
TS
RESULTS
Amplification of IGF-II mRNA and sensitivity of detection
The fragments of IGF-II genome were amplified by a nested
PCR assay from human hepatoma tissues and circulating
blood of patients with HCC (Figure 1). The sizes of amplified
fragments were identical to the original designed ones,
which were 336 bp in single-step PCR, and 170 bp in
nested-PCR. Differences between single-step PCR and
nested PCR for amplified IGF-II mRNA were compared
in 111 peripheral blood samples. The detecting frequency
of IGF-II-mRNA was 6.3% (7/111) by single-step PCR
and 34.2% (38/111) by nested-PCR. The incidence of
nested PCR for IGF-II mRNA amplification was
significantly higher than that in single-step PCR (P<0.05).
Total RNAs (2 mg/L) extracted from hepatoma tissues were
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diluted 10-2-10-8 times and amplified by nested-PCR, and
the lowest sensitivity of the assay was 2 ng/L of total RNA
(Figure 1A). The positive fragments of IGF-II genome were
found distinctly from HCC tissues or peripheral blood of
patients with HCC (Figure 1C) and could not be detected
from non-cancerous tissues of HCC patients or from
peripheral blood of patients with acute hepatitis, chronic
hepatitis, liver cirrhosis, and extrahepatic tumors. By
sequence analysis, the nucleotide homologies of amplified
IGF-II gene fragments from HCC tissue and peripheral
blood were identical to the cited sequence of human
IGF-II genome (Figure 2)[22].
A

10-8 10-7 10-6 10-5 10-4 10-3 10-2

170 bp

B
GAPDH

452 bp

C
IGF-II

170 bp
M

1

2

3

4

5

6

Figure 1 Amplification of IGF-II genomes from human hepatoma tissues or
circulating blood samples of patients with hepatocellular carcinoma. IGF-II mRNAs
were synthesized according to IGF-II cDNA with random hexamers and moloney
murine leukemia virus reverse-transcriptase, and detected with different primer
pairs by nested PCR (170 bp). The positive fragments of IGF-II genome were
found distinctly in hepatoma tissues or in peripheral blood of patients with
hepatocellular carcinoma. A: the sensitive limitation of our detection system
(2 ng/L), using total RNA with 10-2-10-8 fold dilution and then amplified by nested
PCR; B: the amplified fragments (452 bp) of glyceraldehyde-3-phosphate
dehydrogenase genome from liver tissues or peripheral blood as controls; C:
the amplification of IGF-II genomes in liver tissues (No. 1-4) or circulating blood
(No. 5-6). No. 1-2, the positively amplified fragments of IGF-II mRNA from
cancerous tissues of patients with hepatocellular carcinoma; No. 3, the positively
amplified fragments of IGF-II mRNA from para-cancerous tissue of patients
with hepatocellular carcinoma; No. 4, no positively amplified fragment from
non-cancerous tissue of patients with hepatocellular carcinoma; No. 5, no
positively amplified fragment from circulating blood of patients with liver cirrhosis,
and No. 6, the positively amplified fragment from peripheral blood of patients
with hepatocellular carcinoma. GAPDH: glyceraldehyde-3-phosphate
dehydrogenase. M: DNA molecular weight marker.

311
360
Origin
tgctgcattg ctgcttaccg ccccagtgag accctgtgcg gcggggagct
Hepatoma ---------- ---------- ---------- ---------- ---------PB
---------- ---------- ---------- ---------- ---------361
410
Origin
ggtggacacc ctccagttcg tctgtgggga ccgcggcttc tacttcagca
Hepatoma ---------- ---------- ---------- ---------- ---------PB
---------- ---------- ---------- ---------- ---------411
460
Origin
ggcccgcaag ccgtgtgagc cgtcgcagcc gtggcatcgt tgaggagtgc
Hepatoma ---------- ---------- ---------- ---------- ------------------- ---------- ---------- ---------- ---------PB
461
480
Origin
tgtttccgca gctgtgacct
Hepatoma - - - - - - - - - - - - - - - - - - - PB
---------- ----------

Figure 2 Alignment of nucleotide sequences of the amplified fragments of IGF-II
genome from cancerous tissue or circulating blood in patients with HCC by
sequence analysis. Origin: the cited sequence (170 bp, nt 311-480) of human
IGF-II genome 22; Hepatoma: the amplification fragment of IGF-II genome from
human hepatoma tissue; PB: the amplified fragment of peripheral blood IGF-II
genome from patients with hepatocellular carcinoma.

4658

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

August 14, 2005 Volume 11 Number 30

Expression of total RNA and IGF-II mRNA in HCC
Different expression of total RNA was found in different
parts of HCC tissues. The total RNA concentrations were
significantly lower in HCC tissues than in self-control
surrounding tissues (P<0.05) or non-cancerous tissues
(P<0.01), respectively (Table 1). However, the expression
of IGF-II mRNA amplified by nested-PCR was 100% in
cancerous tissues, 53.3% in its surrounding tissues, and 0%
in its non-cancerous tissues, respectively. The positive
frequencies of IGF-II mRNA in HCC tissues or its paracancerous tissues were significantly higher than those in its
non-cancerous tissues (P<0.01), respectively.

mRNA could be detected in patients with benign liver
diseases, extrahepatic tumors, and normal controls,
respectively. The incidence of circulating IGF-II mRNA
was lower than that of AFP mRNA in patients with HCC,
but it was a more specific circulating marker for HCC
diagnosis. Of the 111 cases with HCC, both of AFP mRNA
and IGF-II mRNA were detected in 28 patients (25.2%,
28/111), and only 27.0% of HCC cases were positive for
AFP mRNA (30/111) or only IGF-II mRNA was detected
in 10 patients (9%, 10/111). The combined analysis of
circulating AFP mRNA and IGF-II mRNA was useful for
diagnosis and differential diagnosis of HCC.

Table 1 Alterations of total RNA (mean±SD) and amplification of
IGF-II mRNA in cancerous, para-cancerous, and non-cancerous liver
tissues

Table 3 Analysis of IGF-II-mRNA and AFP-mRNA in peripheral blood
of patients with different liver diseases or non-liver tumors

IGF-II mRNA

Groups

n

Total RNA level
(µg/mg wet tissue)

Cancerous tissues

30

13.4±8.4

30

Para-cancerous tissues
Non-cancerous tissues

30
30

20.7±14.6a
25.0±20.2b

16
0

a

Positive

%
100
53.3 b
0b

b

P<0.05, P<0.01 vs the cancerous tissue group.

Circulating free IGF-II level in patients with chronic liver
diseases
The levels of serum free IGF-II protein in patients with
chronic liver diseases were investigated in this study, and
the results are shown in Table 2. Of the 166 cases with
chronic liver disease, the level of circulating free IGF-II
protein was significantly higher (P<0.01) in HCC patients
(75.7%, 84/111) than in patients with liver cirrhosis (28%,
7/25) or with chronic hepatitis (26.7%, 8/30). Also, the
levels of serum AFP in patients with HCC (64.9%, 72/111)
were significantly higher (P<0.01) than in patients with liver
cirrhosis (36%, 9/25) or with chronic hepatitis (23.3%, 7/30).

Table 2 Levels of serum free IGF-II and AFP in patients with chronic
liver diseases
Groups

n

CH
LC
HCC

Free IGF-II (µg/L)

AFP (µg/L)

mean±SD

>6.0 (%)

mean±SD

>50 (%)

30

4.1±2.4

8 (26.7)

32.0±23.7

7 (23.3)

25

5.5±1.7

7 (28.0)

34.7±39.8

9 (36.0)

111

6.7±1.8

84 (75.7) b

417.5±274.1

72 (64.9) b

Groups

n

HCC

IGF-II mRNA

Detection of circulating IGF-II mRNA in HCC
Amplification of IGF-II mRNA in peripheral blood of
patients with liver diseases or with extrahepatic tumors in
comparison with AFP mRNA is shown in Table 3. Although
the serum free IGF-II level increased in patients with chronic
hepatitis or with liver cirrhosis, the circulating IGF-II
mRNAs only were detected in HCC patients. The frequency
of peripheral blood IGF-II mRNA was 34.2% in patients
with HCC, no amplified fragments of circulating IGF-II

Both

Positive

%

Positive

%

Positive

111

38

34.2

58

52.3

68

61.3

25

0

0b

5

20.0b

5

20.0b

CH

30

0

0b

2

6.7b

2

6.7b

AH

30

0

0b

0

0b

0

0b

ET

25

0

0b

0

0b

0

0b

NC

25

0

0b

0

0b

0

0b

LC

%

b
P<0.01 vs the hepatocellular carcinoma group. HCC: hepatocellular carcinoma;
LC: liver cirrhosis; CH: chronic hepatitis; AH: acute hepatitis; ET: extrahepatic
tumor; NC: normal control.

Circulating IGF-II mRNA in HCC metastasis
Of the 111 patients with HCC, the relationship between
circulating IGF-II mRNA and HCC stages and metastasis
is analyzed in Table 4. The fragments of circulating IGF-II
mRNA could be detected in any stage of HCC development.
No significant differences of IGF-II mRNA were found
between HCC stage I and II. The incidence of IGF-II
mRNA in HCC stage III was 45.5% (30/66), significantly
higher than that in early-stage (stage I or II) HCC. The
fragments of IGF-II mRNA could be detected in all HCC
patients with extrahepatic metastasis (100%). However, no
significant difference of peripheral blood IGF-II mRNA
was found between HCC with intra-hepatic metastasis and
without intra-hepatic metastasis (P>0.05).
Table 4 Relationship between peripheral blood IGF-II mRNA or AFP
mRNA and HCC stage or metastasis

b

P<0.01 vs the chronic hepatitis group or the liver cirrhosis group. HCC:
hepatocellular carcinoma; LC: liver cirrhosis; CH: chronic hepatitis.

AFP mRNA

Groups

n

HCC Stage I

IGF-II mRNA

AFP mRNA

Positive

%

Positive

%
35.7 a

14

2

14.3a

5

Stage II

31

6

19.4a

8

25.8 a

Stage III

66

30

45.5

47

71.2

With

67

27

40.3

44

65.7c

Without

44

11

25.0

18

40.9

Intra-hepatic metastasis

Extrahepatic metastasis

a

With

13

13

Without

98

25

100b
25.5

13

100 b

53

54.1

P<0.05 vs the HCC stage III group. bP<0.01, cP<0.05 vs the non-metastasis
group. HCC: hepatocellular carcinoma.
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Circulating IGF-II mRNA with AFP level and tumor size
We divided the 111 HCC patients into two groups according
to serum AFP level: the positive frequency of circulating
IGF-II mRNA fragment was 35.3% (6/17) in cases with
AFP less than 50 µg/L, and 34.0% (32/94) in cases with
AFP more than or equal to 50 µg/L, without significant
differences between the two groups (P>0.05). In addition,
we found that the incidence of peripheral blood IGF-II
mRNA was 31.8% (7/22) in cases with diameters of tumor
less than 5 cm, and 34.8% (31/89) in cases with diameters
of tumor more than or equal to 5 cm, respectively.

DISCUSSION
Hepatocellular carcinoma is one of the most common forms
of malignant cancer with the 4 th highest mortality rate
worldwide[24]. Major risk factors for the development of
HCC include chronic infections with hepatitis B or C virus,
alcohol consumption, exposure to dietary aflatoxin B1,
hereditary liver disease or liver cirrhosis of any etiology[25].
Recent studies have discovered changes in the IGF axis
that affect the molecular pathogenesis of HCC, including
the autocrine production of IGFs, IGF binding proteins
(IGFBPs), IGFBP proteases, and IGF receptor expression.
Characteristic alterations detected in HCC and hepatoma
cell lines comprise the overexpression of IGF-II and
IGF-I receptor emerging as critical events in malignant
transformation and growth of tumors [26,17]. IGF-II is a
polypeptide hormone secreted by many organs of the fetus.
Very little information is available on the expression of
IGF-II mRNA in HCC. In the present study, the total RNA
levels and IGF-II mRNA in different parts of HCC tissues,
the expression of peripheral blood IGF-II mRNA, and the
level of serum free IGF-II protein were investigated in
patients with various liver diseases.
The sinusoidal cells in para-cancerous cirrhotic nodule
tissues and the malignant hepatocytes in HCC tissues
expressed IGF-II. As we know, liver cirrhotic nodules are
the precancerous lesion of HCC, so it is suggested that, in
the precancerous condition, IGF-II mediated hepatocyte
proliferation mainly via IGF1R by a paracrine mechanism.
IGF-II mRNA was distributed in the cytoplasm of
hepatocytes and overexpressed in HCC tissues[27,28]. IGF-II
could be secreted by hepatoma cells themselves and stimulate
their proliferation via an autocrine mechanism[29,30]. In order
to analyze IGF-II expression, the fragments of IGF-II
genome in HCC tissues were amplified by the sensitive
nested PCR and confirmed by analysis of IGF-II sequences.
Although different expression levels of total RNA were
found in different parts of HCC tissues, the expression of
IGF-II mRNA was detected in all of HCC tissues, half in its
para-cancerous cirrhotic tissues, and none in its non-cancerous
tissues (Table 1), respectively. Some differences in RNA level
between tumor and cirrhotic tissues were quite informative.
The observations that HCC cells expressed less IGF-I
than control liver cells, whereas IGF-II expression was higher
in a high proportion of HCC cells[31,32], are consistent with
previous reports[33,34] which showed that IGF-I mRNA levels
were lower in HCC as compared with adjacent non-tumorous
hepatic tissue, whereas IGF-II mRNA was higher in tumor
tissues compared with normal liver tissues. The molecular
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mechanisms responsible for reduction in IGF-I and
reactivation of IGF-II in HCC remain to be determined.
These results support growth factor-dependent HCC
development and provide novel prognosis markers after
HCC surgery.
IGFs are potent autocrine and paracrine mitogens for
liver cancer cell proliferation, and their bioactivity is reduced
by IGFBP-3. Human embryonic liver cell lines expressed
IGF-II also, suggesting that hepatoma cells may regain
some embryonic development characteristics like AFP
secretion[35,36]. A smaller proportion of IGF-II is associated
with other IGFBPs, while less than 5% of IGF-II exists as
unbound or free IGF-II that is believed to be the biologically
active fraction of IGF-II[37], capable of binding the type 2
IGF receptor[38]. IGF-II present in the ternary complex is
not easily dissociated, however IGF-II contained in low
molecular weight binding complexes has a rapid turnover
and may be the source of much of the detected free
IGF-II. The levels of serum free IGF-II protein were
significantly higher in HCC group than those in liver cirrhosis
or in chronic hepatitis group (Table 2). The data indicated
that serum free IGF-II secreted from HCC cells may act as
an angiogenic factor for the hypervascularization of HCC.
Serum AFP is a diagnostic marker of HCC, but its
significance in the early diagnosis of HCC is unclear and
the positive rate is not high[5,7,39]. The fragments of peripheral
blood IGF-II mRNA were amplified by PCR and its clinical
significances in patients with liver diseases were analyzed in
the present study (Table 3). Although the serum free IGF-II
level increased in patients with chronic hepatitis or liver
cirrhosis, the circulating IGF-II mRNA only was detected
in HCC patients. The frequency of IGF-II mRNA was not
so high in patients with HCC, yet it was more specific (100%)
for HCC diagnosis than that of peripheral blood AFP
mRNA. No amplified fragments of circulating IGF-II
mRNA could be detected in patients with benign liver
diseases, extrahepatic tumors, and normal controls. The
fragments of circulating IGF-II mRNA could be detected
in all HCC patients with extrahepatic metastasis (100%),
and like circulating AFP mRNA, could provide markers of
severity and prognosis after HCC resection. The analyses
of peripheral blood AFP-mRNA and IGF-II mRNA were
more specific and more sensitive tumor markers for detecting
and monitoring a few of circulating HCC hepatocytes.
In conclusion, the present data indicate that the expression
levels of IGF-II mRNA were different in different parts of
HCC liver tissues, and IGF-II mRNA could only be detected
in peripheral blood of HCC patients. The frequency of
circulating IGF-II mRNA and its diagnostic value increased
with clinical stage of HCC and with distant metastases of HCC.
The circulating IGF-II mRNA could be a useful molecular
marker for HCC diagnosis, especially in monitoring extrahepatic
metastases of tumor cells. Further studies will allow us to
quantitate IGF-II mRNA in liver tissues and peripheral
blood, and to explore the molecular mechanisms responsible
for reactivation of IGF-II in development of HCC.
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Abstract
AIM: To investigate the relation between MUC1 expression,
distribution, and prognosis in hepatocellular and
cholangiocarcinoma (HCC and CC) and cirrhotic liver
tissues, and their significance in HCC and CC diagnosis.
METHODS: Expression and distribution of MUC1 were
examined by immunohistochemical assay with anti-MUC1
mAb in 59 samples of HCC and 37 samples of CC, 20
samples of cirrhotic liver tissues, and 10 samples of
normal liver tissues, seeking possible associations
between MUC1 positive expression, distribution in HCC
and CC (primary liver cancer, PLC) cases and the studied
clinical data.
RESULTS: Immunohistochemical analysis of MUC1
expression showed that in the 96 PLC samples, 68 (70.8%)
were strong positive, and 6 (6.2%) were weak positive.
Only 4 in the 20 cirrhotic liver tissues were found to be
weak positive, while no expression of MUC1 was detected
in normal liver tissues. Apparently, the high expression
rate of MUC1 in PLC tissues was statistically significant in
comparison to that in cirrhotic and normal liver tissues.
The expressed MUC1 protein, stained in dark brownish
or brownish-yellow particles, chiefly localized on the
cancer cell membranes or in cytoplasm. In the 68 strong
positive samples, 40 were detected on cell membrane
and the other 28 were in cytoplasm. In addition, follow-up
studies of those PLC cases demonstrated that MUC1
expression on cell membrane or in cytoplasm was closely
associated with PLC prognosis. The expression of MUC1
in PLC had little statistical significance in respect of the
pathological types and sizes of the tumors, but a strong

relationship regarding histological differentiation, metastasis
of lymph nodes, portal canal emboli, and post-operational
recurrence of the carcinomas. After 3 years of tumor
excision, the metastasis rate in MUC1 positive expression
group (67.6%) was much higher than that in MUC1 weak
expression group (33.3%) and negative expression group
(31.8%), and thus the survival rate in MUC1-positive
expression group was significantly different from that in
weak and negative expression groups.
CONCLUSION: Expression and localization of MUC1
proteins in primary liver carcinomas (PLCs) may act as
prognostic markers, and MUC1 molecules might be helpful
in differential diagnosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Primary liver carcinoma (PLC) is one of the most frequent
malignant tumors in clinics, and its tendency to invade and
metastasize is the paramount reason for high recurrence
after excision, greatly affecting the survival rate of PLC
suffers. Even with the developments in PLC therapies, the
overall effect is far from radical cure on demand[1]. Thus, it
is quite necessary and important to explore new approaches
for early diagnosis and immunological treatment of PLC.
MUC1, also known as polymorphic epithelial mucin, is
a group of glycoproteins with high molecular mass. One
important characteristic of MUC1 gene is the polymorphism.
The second expressed extron within the MUC1 coding genes
contains a variable number of tandem repeats (VNTRs),
and every VNTR is composed of a 20-amino acid peptide
motif as VTSAPDTRPAPGSTAPPAHG, constituting main
antigenic determinants in this region. Usually MUC1 is
expressed at a very low level on normal adenocytes, chiefly
localized on gland cell surfaces or in gland cavities by
excretion, and thus not recognized by the host immune
system[2-4]. It has been found that MUC1 is aberrantly
expressed in the forms of misglycolization or incomplete
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glycolization, in many tumor tissues like breast, stomach,
and colon cancers. These abnormal MUC1 molecules reveal
new protein epitopes or carbohydrate antigens, distributed
all around the cancer cell surface, and may be recognized by
the immune system as notable tumor-associated antigens[5-9].
As a tumor marker, MUC1 has been applied in breast
cancer and other tumors for their diagnosis and biological
treatment[10-13].
During the process of malignant transformation and
invasion of tumor cells, the changes of MUC1 glycolization
influence the biological behavior of tumor cells[14]. It was
also reported that MUC1 positive expression is an important
prognostic indicator in breast cancer and other tumor
patients[15-17]. However, the expression levels of MUC1 in
PLC and cirrhotic liver tissues and their correlation with
carcinogenesis still remain to be elucidated. In this study,
we used immunohistochemical assay to detect MUC1
expression in PLC and cirrhotic liver tissues, and further
investigated the potential significance of MUC1 in PLC
diagnosis and immunological treatment.

MA
TERIALS AND METHODS
MATERIALS
Clinical data
Ninety-six paraffin-embedded PLC samples were collected
from patients undergoing surgery in our hospital from 1990
to 2001. Hepatocellular carcinoma (HCC) was found in 59
patients, and cholangiocarcinoma (CC) in 37 patients. Sixtysix samples were from male patients and 30 from female
patients, aged 35-68 years (averaged 41.5 years). Lymph
node metastasis was confirmed by pathological examination.
No chemotherapy or radiotherapy was given before tumor
excision. In the 20 samples of cirrhotic tissues, 12 were
from male patients and 8 female patients, aged 19-70 years
(averaged 40.7 years). Ten samples of normal liver tissues
from 10 cases of hepatic angiomatosis served as normal
controls. All tissue sections were stained with hematoxylin
and eosin (H&E).
The diagnosis of HCC was primarily based on history
of chronic hepatitis, results of AFP detection, and space
occupying lesions in the liver on ultrasonography and CT.
The pathological diagnosis of HCC and CC was confirmed
by H&E staining of the tissue sections. Patients were
regularly examined by ultrasonography and CT after PLC
surgery. Tumor recurrence was defined as new focus was
detected, and metastasis was defined when lymph nodes of
hepatic portal vein became swollen or new foci were found
in distal organs.
Preparation of tissue samples
For routine sections, tissue samples were immersion-fixed
in 40 g/L buffered formaldehyde for hours, and dehydrated
through graded alcohols. After paraffin wax embedding,
sections of 5 µm thickness were cut and mounted on coated
glass slides. Then H&E as well as immunohistochemical
staining were performed.
Immunohistochemical assay
Endogenous peroxidase blocker and normal house serum
were added to all sections for 30-min incubation at room
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temperature to minimize non-specific staining, and antigen
restoration was performed by microwave method. Mouse
anti-human MUC1 mAb working at 1:100 dilution was
purchased from Antibody Diagnostica Inc., USA, and ABC
diagnostic kit was purchased from Santa Cruz, USA.
Detection procedures were performed according to the kit
instructions. The cover slide was treated with goat anti-mouse
bridging antibody (1:200) for 30 min at 37 . Finally,
diaminobenzidine tetrachloride was used for color
development and the slides were counterstained with
hematoxylin. Dehydration, clearing, covering, and light
microscopy were performed routinely. Blank test and
replacement test were set for negative controls.
Result determination
Brownish-yellow particles under light microscope were
considered positive. Three positive levels according to
positive cell percentage in five high power, randomized,
observation fields were classified: Level 0: cells without
stained particles (negative MUC1 expression, -), Level 1:
positive cell percentage less than 25% (weak MUC1
expression, +), and Level 2: positive cell percentage more
than 25% (strong MUC1 expression, ++).
Statistical analysis
All data were analyzed by SPSS 11.0 (SPSS Inc., USA).
Statistical methods included χ2-test, Fisher’s exact test, and
the Kruskal-Wallis test. P<0.05 was considered statistically
significant.

RESUL
TS
RESULTS
MUC1 expression in primary liver carcinoma, cirrhotic liver,
and normal liver tissues
In the 96 tested PLC samples, 68 were strong positive
(Figures 1A and B) and 6 were weak positive. Only 4 in the
20 cirrhotic liver tissues were found to be weak positive
(Figure 1C), while no expression of MUC1 was detected in
normal liver tissues (Figure 1D). Apparently, the high
expression rate of MUC1 in PLC tissues was statistically
significant in comparison to that in cirrhotic and normal
liver tissues (P<0.05, Table 1).

Table 1 Expression of MUC1 in PLC, cirrhotic, and normal liver
tissues
Group

n

Expression of MUC1
–

+

++

Normal liver

10

10

0

0

Cirrhotic liver

20

16

4

0

PLC

96

22

6

68 a

a

P<0.05 vs cirrhotic and normal liver tissues.

MUC1 expression was associated with PLC pathology
MUC1 was both expressed in HCC (Figure 2) and CC
tissues with no statistical difference between them (P>0.05),
demonstrating that MUC1 gene expression was not associated
with histological classification of the hepatic tumors. The
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A

B

C

D

Figure 1 Characterization of MUC1 expression in PLC and cirrhotic liver
tissues as well as normal liver tissues by immunohistochemical staining. A:
Overexpression of MUC1 on cell membranes (×400); B: positive staining of

MUC1 in cytoplasm (×400); C: MUC1 weak expression in cirrhotic liver tissues
(×400); D: MUC1 negative expression in normal liver tissues (×400).

expression and the prognosis of 68 cases of hepatic tumor.
MUC1 expression and PLC metastasis
Three years after surgery, metastasis occurred in 55 out of

Table 2 MUC1 expression and PLC clinical pathology behavior
Clinical pathology

n

MUC1 expression
–

+

P

++

Histological classification

Figure 2 Positive expression of MUC1 protein in HCC samples (×400).

sizes of solid tumors were not different in the MUC1
expression either (P>0.05). However, MUC1 expression in
well differentiated tumor tissues were significantly different
from that in moderately and poorly differentiated tissues
(P<0.05), and so did in lymph node metastases, portal vein
embolis, and 3-year post-operation recurrence (P<0.05).
The association of MUC1 expression and PLC clinical
pathology behavior is illustrated in Table 2.

HCC

59

17

4

38

CC

37

5

2

30

Wella,c

30

14

2

14

Moderate

40

6

2

32

Poor

26

2

2

22

Histological differentiation
<0.01

Lymph node metastasis
Yes

52

5

2

45

No

44

17

4

23

<0.01

Portal vein embolism
Yes

32

1

2

29

No

64

21

4

39

49

15

2

32

47

7

4

36

<0.01

Size of solid tumor (cm)
<5

Localization of MUC1 in PLC tissues and prognosis
By immunohistochemical assay, the expressed MUC1
proteins in liver carcinoma tissues were stained as dark
brownish or brownish-yellow particles, and mainly localized
on the cancer cell membranes (Figure 1A) or in cytoplasm
(Figure 1B). Table 3 shows the association of strong MUC1

>0.05

5

>0.05

Recurrence (3 yr)

a

Yes

65

9

4

52

No

31

13

2

16

<0.01

P<0.05 vs moderately differentiated HCC. cP<0.05 vs poorly differentiated
HCC.
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the 96 PLC patients: intra-hepatic metastasis in 30 cases,
pulmonary metastasis in 12 cases, osseous metastasis in 4
cases, and lymph node metastasis in 9 cases. The metastasis
rate in MUC1 strong positive expression group (67.6%)
was much higher than that in MUC1 negative expression
group (31.8%, P<0.01, Table 4).

Table 3 MUC1 localization in PLC tissues and prognosis of PLC
Clinical pathology

MUC1 expression

n

Membrane

Cytoplasm

P

Lymph node metastasis
Yes

45

23

22

No

23

17

6

<0.05

Portal vein embolism
Yes

29

11

18

No

39

29

10

50

17

33

18

13

5

<0.01

Survival rate (yr)
<3
3

<0.01

Table 4 MUC1 expression and post-operation metastasis
MUC1 expression

n

Rate of metastasis (%)

Negative

22

31.8

6

33.3

68

67.6

Weak positive
Strong positiveb
b

P<0.01 vs negative.

Positive MUC1 expression in PLC tissues and survival rate
Follow-up data were collected from 86 of the 96 PLC
patients (89.6%). The survival rate in MUC1 strong positive
expression group was significantly different from that in
MUC1 weak positive or negative expression group (P<0.05,
Table 5).

Table 5 Positive MUC1 expression in PLC tissues and survival of
PLC patients
MUC1 expression

n

Negative
Weak positivea
Strong positive
a

a

Survival rate (%)
6 mo

12 mo

24 mo

36 mo

22

86.4

72.7

59.1

50.0

6

50.0

33.3

33.3

33.3

68

51.5

44.1

29.4

26.4

P<0.05 vs negative.

DISCUSSION
To investigate the possible correlation among MUC1
expression and localization and prognosis in PLC and
cirrhotic liver tissues, we carried out immunohistochemical
assay to detect the MUC1 expression in 96 samples of
PLC hepatic tissues. The results showed that MUC1 was
strongly expressed on PLC cell membrane or in cytoplasm,
while weak and negative expressions were found in human
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cirrhotic liver tissues, and no expression was found in normal
liver tissues. The difference was of statistical significance.
In addition, MUC1 expression increased during the process
of transformation from benign cells to malignant cells, which
is in accordance with the common understanding of hepatic
carcinoma resulting from liver cirrhosis.
There are discrepant results in reports on MUC1
expression and PLC histological differentiation types. Sasaki
and Nakanuma [18] reported that MUC1 core protein is
expressed in intrahepatic bile duct carcinoma, but not in
HCC. Cao et al.[19], demonstrated that MUC1 is remarkably
expressed in HCC cells and can be considered as an indicator
of HCC prognosis. In our test, MUC1 expression was not
associated with either histological classification or size of
the tumors. Based on our testing data, we take it that MUC1
can be used as one of the helping indicators early diagnosis
of PLC, by hepatic puncture biopsy before PLC surgery.
In previous studies, it was suggested that high-level
MUC1 expression is reversely correlated with prognosis of
tumor patients. For example, MUC1 expression is closely
related with prognosis of breast cancer sufferers [3,20] .
However, possible association(s) of MUC1 expression levels
in PLC liver tissues with the prognosis still remains uncertain.
From our test results, it is clear that MUC1 expression levels
are quite different in well-differentiated tumor tissues and
moderately- or poorly-differentiated tumor tissues, and so
are the differences among MUC1 expression and lymph
node metastasis, portal vein embolism, and post-operation
recurrence. Expression and localization of MUC1 proteins
in PLC may act as different prognostic markers of PLC.
We also found that the prognosis was worse in cytoplasm
expression group than in cell surface expression group. It is
reasonable to deduce that MUC1 molecule on cell surface
may stimulate protective immunities (for instance, specific
cytotoxic T lymphocytes) from the body to fight against the
tumor cells.
Intra-hepatic tumor invasion in portal vein system with
subsequent metastasis is the major cause of morbidity and
mortality in patients with PLC. In our work, it was apparent
that MUC1 expression was associated with PLC cell
infiltration and metastasis as well. The possible mechanisms
might be as follows. (1) E-cadherin is a transmembrane
glycoprotein that mediates calcium-dependent, inter-cellular
adhesion and is specifically involved in epithelial cell-to-cell
adhesion. In cancers, decreased E-cadherin expression is
one of the alterations that characterize the invasive phenotype,
and the data support its role as a tumor suppressor. Studies
have shown that aberrant E-cadherin expression is associated
with the acquisition of invasiveness and more advanced
tumor stage for many cancers including lung cancer, prostate
cancer, gastric cancer, and breast cancer, indicating that
MUC1 promotes tumor metastasis by downregulating
E-cadherin expression and its binding to beta-catenin[21-23].
(2) MUC1 acts as anti-cell adhesion molecules. High
density of filamentous MUC1 molecules expressed on
tumor cell surface might prevent binding between
membrane-anchored ligands and corresponding receptors,
minimize intercellular interactions induced by integrin in
extracellular matrix, thus facilitating cancer cell invasion[24,25].
(3) Sialyl Lewis epitopes on MUC1 molecules function as

Yuan SF et al. MUC1 expression in primary liver carcinoma

ligands to E-selectin in injured or inflammatory vascular
endothelial cells, and facilitate tumor cell adhesion,
infiltration, and metastasis[26].
Currently, carcinectomy is still one of the major treatments
for PLC, but has limitations for PLC patients of life
expansion and quality promotion. MUC1 molecules play a
double role in tumor genesis and development[4]. On one
hand, aberrant MUC1 expression influences inter-cellular
adhesions via surface molecule interactions, and makes easier
for tumor cell growth and metastasis. On the other hand,
as a hapten with newly formed glycan or peptide epitopes
because of incomplete glycolization, MUC1 induces antitumor immune responses, and may be a target for tumor
immunotherapy. It was reported that clinical MUC1
vaccination trials for breast cancer are in progress[27]. We
also discovered that MUC1 gene vaccination induces specific
cytotoxic T lymphocyte responses in mice [28]. MUC1targeted tumor therapeutical vaccination may be effective
for PLC treatment.
To conclude, we used immunohistochemical assay to
detect MUC1 expression in PLC, cirrhotic and normal liver
tissues, and the results show that MUC1 may be an indicator
for PLC diagnosis and prognosis. As HCC is common in
China[29-31] and most Asian countries[32-35], further investigations
on MUC1 roles in PLC genesis and development are of
particular significance in providing new ways of PLC
treatment.
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Abstract
AIM: Cell adhesion molecules and their signal molecules
play a very important role in carcinogenesis. The aim of
this study is to elucidate the role of these molecules and
the signal molecules of integrins and E-cadherins, such
as (focal adhesion kinase) FAK, (integrin linked kinase)
ILK, and β-catenin in hepatocellular carcinoma cell apoptosis.
METHODS: We first synthesized the small molecular
compound, S-(1,2-dichlorovinyl)-L-cysteine (DCVC), and
identified it, by element analysis and 1H NMR. To establish
the apoptosis model of the SMMC-7721 hepatocellular
carcinoma cell, we treated cells with DCVC in EBSS for
different concentrations or for various length times in the
presence of 20 µmol/L N,N’-diphenyl-p-phenylenediamine,
which blocks necrotic cell death and identified this model
by flow cytometry and DNA ladder. Then we studied the
changes of FAK, ILK, β-catenin, and PKB in this apoptotic
model by Western blot.
RESULTS: We found that the loss or decrease of cell
adhesion signal molecules is an important reason in
apoptosis of SMMC-7721 hepatocellular carcinoma cell
and the apoptosis of SMMC-7721 cell was preceded by
the loss or decrease of FAK, ILK, PKB, and β-catenin or
the damage of cell-matrix and cell-cell adhesion.
CONCLUSION: Our results suggested that the decrease
of adhesion signal molecules, FAK, ILK, PKB, and β-catenin,
could induce hepatocellular carcinoma cell apoptosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Cell adhesion signal molecule; Hepatocellular
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INTRODUCTION
Apoptosis or programmed cell death is critical for normal
development and tissue homeostasis[1]. However uncontrolled
apoptosis may occur after treatment with cytostatic chemicals.
It is a pathophysiological process and is associated with
the occurrence of various human diseases[2]. Maintenance of
cell-matrix or cell-cell contact is an important cell survival
factor[3-6] and loss of these contacts, or rounding up, is a
hallmark of apoptosis. Cell-matrix interactions occur at the
closest contact between the cell and the substratum. It was
called as focal adhesion. Integrins are mainly engaged in cellmatrix adhesion. Integrin ligated with the extracellular matrix
results in activation of focal adhesion kinase (FAK) and
integrin linked kinase (ILK). FAK is a 125-ku protein tyrosine
kinase, that is critical in transmission of signals from the
focal adhesion to the cytoplasm after cell attachment[7,8].
ILK is another integrin cytoplasmic-binding protein that has
been implicated in the regulation of cell adhesion and
extracellular matrix deposition as well as the activation of
cell survival and proliferative pathways, including those
involving MAP kinase, PKB/Akt and GSK-3β[9,10]. Similarly,
E-cadherin is a calcium-dependent transmembrane cell-cell
adhesion protein, mainly involved in cell-cell adhesion[11].
When the homophilic interaction in their specific extra-cellular
regions occurred, their intra-cellular linked protein, β-catenin,
was activated and mediated signal transduction[12,13]. It seems
clear that FAK, ILK, and β-catenin are important for signaling,
cell attachment and cell survival. Despite the importance
of these proteins in signal transduction and cell survival,
there is little evidence about the role of FAK, ILK, and
β-catenin in chemically induced models of apoptotic cell
death. Therefore, we have investigated the role of FAK,
ILK, β-catenin and other related signal molecule such as
PKB in SMMC-7721 hepatocellular carcinoma cell using
the characterized nephrotoxicant, S-(1,2-dichlorovinyl)-Lcysteine (DCVC)[14,15]. DCVC is metabolized by a β-lyase to
a reactive acylating metabolite that covalently modifies
cellular macromolecules[16-18]. The apoptosis of renal proximal
tubule epithelial cell (RPTE) induced by DCVC had been
reported. Cell death of primary cultured RPTE caused by
DCVC treatment is preceded by disorganization of the
cytoskeletal network and dissolution of focal adhesion[14,15].
Thus, this compound is a useful agent to study the role of
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cell-cell or cell-matrix adhesion in apoptosis of epithelial cells.
To study the relationship between the cell adhesion signal
molecules and cell apoptosis, we found the apoptosis model
of the SMMC-7721 hepatocellular carcinoma cell using
DCVC and examined the role of FAK, ILK, β-catenin and
other related signal molecules in this model.

MA
TERIALS AND METHODS
MATERIALS
Chemicals and antibodies
SMMC-7721 cells were obtained from the Department of
Pathology, Shanghai No. 2, Military Medical University
(Shanghai, China)[19]. Anti-FAK and anti-ILK polyclonal
antibodies were purchased from Santa Cruz. Anti-β-catenin
and anti-PKB mAb were purchased from Sigma. Secondary
antibodies conjugated with HRP were purchased from Watson
Biotech. (Shanghai). N,N’-Diphenyl-p-phenylenediamine
(DPPD) was from Sigma-Aldrich (St. Louis, MO, USA).
DCVC was synthesized by us.
Cell culture and DCVC treatment
SMMC-7721 cells were grown in RPMI medium 1640
supplemented with penicillin and 10% heat inactivated fetal
bovine serum in 37 and 50 mL/L CO2. Confluent monolayers of SMMC-7721 in 10-cm dishes were washed with
Earle’s balanced salt solution (EBSS) twice. Thereafter, cells
were treated with DCVC in EBSS for different concentrations
or for various lengths of time. To find the apoptosis model,
cells were treated with DCVC in the presence of 20 µmol/L
DPPD (stocked in dimethyl sulfoxide), which blocks necrotic
cell death but allows the onset of apoptosis[15,20]. Following
treatment with DCVC, cells were allowed to recover in a
complete medium containing 20 µmol/L DPPD.
Western blot analysis
After treatment of DCVC and recovery in complete medium,
confluent cells were washed twice with ice-cold PBS and
lysed in modified loading buffer containing 50 mmol/L TrisHCl, pH 6.8, 2% SDS, 10% glycerol and protease inhibitors
(1 mmol/L PMSF). The samples were boiled for 10 min and
centrifuged at 12 000 g for 10 min, and insoluble material
was removed. Equal amount of protein were separated on a
SDS-PAGE and transferred to PVDF membrane. After being
blocked with 3% BSA in PBS (containing 0.05% Tween 20),
the membrane was incubated with the appropriate primary
antibodies, followed by HRP-conjugated secondary antibodies.
Proteins were visualized by fluorography using an enhanced
chemiluminescence system (Perfect Biotech, Shanghai).
Synthesis and identification of S-(1,2-dichlorovinyl)-Lcysteine (DCVC)
Dry L-cysteine (0.1 mol) and sodium were added in portions
to 300 mL of dry ammonia contained in a flask equipped
with a magnetic stirrer and a drying tube. The reaction flask
was set in a dish, so that alcohol could be applied to prevent
frosting. Sodium was added first to give the characteristic
blue color, which disappeared when cysteine was added to
form the disodium salt. Trichloroethylene (8.96 mL, 0.1
mole) was dissolved slowly in liquid ammonia (25 mL). After
30 min, a stream of air was directed on the reaction flask to
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speed up evaporation of ammonia, which required about
2 h. The slightly colored residue was dissolved in 300 mL
of water, free from traces of ammonia in vacuo and, by the
addition of glacial acetic acid, adjusted to pH 5.0 from an
initial pH 11.9. The resulting copious precipitate was diluted
with one volume of ethanol, cooled overnight in a refrigerator
and isolated by filtration. The crude precipitate was dissolved
in 600 mL of water at 70 , 1 g of activated carbon was
added, and the mixture was filtered while it was still hot. An
equal volume of ethanol was added to the clear filtrate
and, after overnight at 4 , 9.1 g of needle-like crystals
were obtained. MP 158-159 .
DCVC analysis, calculated for C5H7NO2SCl2: C, 27.79;
H, 3.27; N, 6.48; S, 14.84; Cl, 32.82. Found: C, 27.82; H, 3.28;
N, 6.47; S, 14.94; Cl, 32.80. 1H NMR (deuterium replaced
DMSO as solvent 300 mol/L) δ: 3.35 (t, J = 15.50 Hz,
J = 7.42 Hz, 1 H), 3.53 (t, J = 15.50 Hz, J = 4.05 Hz, 1 H),
3.91 (t, J = 4.05 Hz, J = 7.42 Hz, 1 H), 6.71 (s, 1 H). FAB
MS: 217 ([MH+]).
Detection of cell apoptosis
DNA laddering was determined by agarose gel electrophoresis.
Cells were harvested by scraping the adherent cells which
were then combined with floating cells present in the culture
medium. After centrifugation, the cell pellet was washed
once with ice-cold PBS by centrifugation, lysed with lysis
buffer (10 mmol/L Tris, 1 mmol/L EDTA, and 2 g/L Triton
X-100, pH 7.4), and incubated on ice for 20 min. Cell debris
was removed by centrifugation; the supernatant was treated
with RNase (60 µg/mL) for 1 h at 50 . The DNA was
precipitated with 0.5 mol/L NaCl and equal volume of
isopropyl alcohol and separated by electrophoresis on 1%
agarose gels.
SMMC-7721 hepatocellular carcinoma cell nuclear
fragmentation treated with DCVC was stained with 1 µg/mL
Hoechst 33258 in PBS. After washing with PBS, coverslips were
mounted and viewed using a Nikon epifluorescence microscope.
Apoptosis was also determined by cell cycle analysis.
Both floating and adherent cells that were trypsinized were
pooled and fixed in 100% ethanol (-20 ). After washing
the cells twice with PBS, cells were resuspended in PBS
containing 10 µg/mL RNase A and 7.5 µmol/L propidium
iodide. After 30 min incubation at room temperature, the
cell cycle was analyzed by flow cytometry (FAC Scan, Becton
Dickinson) and the percentage of cells present in sub-G0/G1
was calculated using the LYSIS software (Becton Dickinson).

RESUL
TS
RESULTS
DCVC induces apoptosis of SMMC-7721 hepatocellular
carcinoma cell
SMMC-7721 hepatocellular carcinoma cells were induced
into apoptosis in the presence of DCVC (Figure 1). When
SMMC-7721 hepatocellular carcinoma cells were treated
with 0.02 mmol/L DPPD and various DCVC concentrations
for 6 h and then harvested for flow cytometry assay, it was
found that the cell apoptosis was induced by DCVC in a
dose-dependent manner in the presence of DPPD and when
the concentration of DCVC is larger than 0.05 mmol/L,
the percentage of cell apoptosis increased rapidly (Figure 2).
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Similarly, the effect of DCVC on apoptosis was also
time-dependent. At the first 4 h, the percentage of cell apoptosis
was very low and after that it increased rapidly (Figure 3).
These data demonstrate that the effective apoptosis had
not happened until the DCVC concentration and treatment
time was high and long enough. We also demonstrate that
DPPD alone could not cause cell apoptosis (Figure 4).
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Figure 1 Measurement of apoptosis by DNA fragmentation upon treatment with
DCVC/DPPD. A: SMMC-7721 Hepatocellular carcinoma cells were treated with
0.1 mmol/LDCVC and 0.02 mmol/L DPPD for various time duration, then
harvested for DNA fragmentation assay to estimate apoptosis. Lane 1, DNA
marker; lane 2, absent DCVC; lanes 3-6 represent tumor cells treated for 1, 2,
4, 6, and 8 h, respectively; B: SMMC-7721 hepatocellular carcinoma cells
were treated with 0.02 mmol/L DPPD and various DCVC concentrations for 6 h,
then harvested for DNA fragmentation assay to estimate apoptosis. Lane 1, DNA
marker; lane 2, absent DCVC; lanes 3–6 represent tumor cells treated for 0.02,
0.05, 0.1, and 0.2 mmol/L, respectively.
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DCVC-induced loss of FAK expression in SMMC-7721
hepatocellular carcinoma cell
FAK, as an important cell survival factor, has been implicated
in apoptosis induced by various stimuli[21-23]. Until now, no
reports have described the role of FAK in DCVC/DPPDinduced malignant cell apoptosis. We investigated the FAK
expression in DCVC-induced SMMC-7721 hepatocellular
carcinoma cell by Western blot analysis and found that the
level of FAK protein was almost lost (Figure 5).
Interestingly, we found that the FAK expression decreased
in a dose-dependent and time-dependent manner. When
the cells were treated for 1 h, the protein level of FAK began
to decrease, but at that time the percentage of cell apoptosis
had no significant decrease. After the treatment time gets
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Figure 2 Dose effect on cell apoptosis induced by DCVC co-treated with DPPD.
SMMC-7721 hepatocellular carcinoma cells were treated with 0.02 mmol/L
DPPD and various DCVC concentration for 6 h, then harvested for flow cytometry

assay to estimate apoptosis. A: Absent both DCVC and DPPD; B: absent DCVC;
C: DCVC (0.005 mmol/L); D: DCVC (0.01 mmol/L); E: DCVC (0.02 mmol/L); F:
DCVC (0.05 mmol/L); G: DCVC (0.1 mmol/L); H: DCVC (0.2 mmol/L).
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Figure 4 Role of DPPD in apoptosis of SMMC-7721 hepatocellular carcinoma
cell. Cells were cultured in completed medium for 12 h. A: In the absence of
DPPD; B: in the presence of 0.02 mmol/L DPPD, then cells were carried out in
FMC to estimate apoptosis.

longer than 4 h, the FAK protein was almost lost (Figure 5A)
and the percentage of cell apoptosis began to increase
rapidly. When the concentration of DCVC was larger than
0.05 mmol/L, the FAK expression almost was not observed
(Figure 5B). These results were consistent with the process
of cell apoptosis and suggested that cell apoptosis occurred
after the cleavage of FAK and the damage of cell-matrix
interaction or the focal adhesion.

Figure 5 DCVC effects on FAK protein expression. A: SMMC-7721 hepatocellular
carcinoma cells were treated with 0.1 mmol/L DCVC and 0.02 mmol/L DPPD for
various time duration; B: SMMC-7721 hepatocellular carcinoma cells were
treated with 0.02 mmol/L DPPD and various DCVC concentrations for 6 h, from
right the first lane both DCVC and DPPD were absent, the second lane had DPPD
but no DCVC. Cells were harvested with 1× SDS loading buffer, followed by
Western blot analysis. Equal amounts of cell protein (60 µg) were added to each
lane, these studies were repeated thrice with similar results.

ILK level was decreased after the DCVC treatment
ILK is another newly identified, integrin cytoplasmic-binding
protein. Overexpression of ILK in cultured intestinal and
mammary epithelial cells has been previously shown to induce
changes characteristic of oncogenic transformation, including
anchorage-independent growth, invasiveness, suppression
of anoikis and tumorigenicity in nude mice[9]. For this reason,
we measured the expression of ILK in DCVC-induced
SMMC-7721 hepatocellular carcinoma cell by Western blot
analysis and found that the level of ILK was also decreased
(Figure 6). These findings further demonstrated that the
disruption of focal adhesion was taking place in this apoptosis
model.
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response to DCVC in the presence of DPPD. We found
when the time of DCVC treatment was longer or the dose of
DCVC was increased, the level of PKB decreased. Particularly,
after 4 h of DCVC treatment, PKB obviously decreased
and after 8 h, PKB protein almost disappeared (Figure 8).

200 400

DCVC (µmol/L)
ILK

A

0

0.5

1

2

4

6

8

10 12

Time (h)
PKB
Figure 6 DCVC effects on ILK protein expression. A: SMMC-7721 hepatocellular
carcinoma cells were treated with 0.1 mmol/L DCVC and 0.02 mmol/L DPPD for
various time duration; B: SMMC-7721 hepatocellular carcinoma cells were
treated with 0.02 mmol/L DPPD and various DCVC concentrations for 6 h, from
left the both DCVC and DPPD were absent, the second lane had DPPD but no
DCVC. Cells were harvested with 1× SDS loading buffer, followed by Western
blot analysis. Equal amounts of cell protein (60 µg) were added to each lane,
these studies were repeated thrice with similar results.

β-catenin level was down-regulated in the apoptosis induced
by DCVC
E-cadherin-mediated cell-cell adhesion plays a crucial role in
intercellular communication, which is related to the regulation
of cell proliferation, differentiation, and apoptosis[24]. β-Catenin
regulates cadherin-mediated cell-cell adhesion and also
functions as a signaling molecule[25]. For this reason, we
measured the expression of β-catenin in DCVC-induced
SMMC-7721 hepatocellular carcinoma cell by Western blot
analysis and interestingly found that the level of β-catenin
began to decrease for an hour of DCVC treatment and after
that, the level of β-catenin decreased further (Figure 7A).
Similarly when the dose of DCVC was larger than 0.05 mmol/L,
β-catenin also decreased (Figure 7B). These findings suggest
that, the cell apoptosis occurred after the decrease of β-catenin
and the damage of intercellular adhesion.
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Figure 7 DCVC effects on β-catenin protein expression. A: SMMC-7721 hepatocellular
carcinoma cells were treated with 0.1 mmol/L DCVC and 0.02 mmol/L DPPD for
various time duration; B: SMMC-7721 hepatocellular carcinoma cells were
treated with 0.02 mmol/L DPPD and various DCVC concentrations for 6 h, from
left the first lane both DCVC and DPPD were absent, the second lane had DPPD
but no DCVC. Cells were harvested with 1× SDS loading buffer, followed by
Western blot analysis. Equal amounts of cell protein (60 µg) were added to each
lane, these studies were repeated thrice with similar results.

PKB level was downregulated in the apoptosis induced by
DCVC
PKB has been demonstrated to play a suppressive role in
cell apoptosis[26]. We therefore investigated the PKB level in
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Figure 8 DCVC effects on PKB protein expression. A: SMMC-7721 hepatocellular
carcinoma cells were treated with 0.1 mmol/L DCVC and 0.02 mmol/L DPPD for
various time duration; B: SMMC-7721 hepatocellular carcinoma cells were
treated with 0.02 mmol/L DPPD and various DCVC concentration for 6 h, from
left both DCVC and DPPD were absent in the first lane, the second lane had
DPPD but without DCVC. Cells were harvested with 1× SDS loading buffer,
followed by Western blot analysis. Equal amounts of cell protein (60 µg) were
added to each lane, these studies were repeated thrice with similar results.

DISCUSSION
In this study, we investigated the level of FAK, ILK, PKB,
and β-catenin during apoptosis of SMMC-7721 hepatocellular
carcinoma cell induced by DCVC in the presence of DPPD.
It was found that the level of each protein mentioned above
dramatically decreased. These results suggest that the loss
or decrease of cell adhesion signal molecules is an important
reason in apoptosis of SMMC-7721 hepatocellular carcinoma
cell. The apoptosis of SMMC-7721 was preceded by the
loss or decrease of FAK, ILK, PKB, and β-catenin or the
damage of cell-matrix and cell-cell adhesion.
FAK has been shown to play a suppressive role in
apoptosis induced by various stimuli including H2O2 and cmyc, and apoptosis induced by keeping cell in suspension,
termed anoikis, which disrupts the interactions between
normal epithelial cells and the extracellular matrix[21,27,28].
Our findings strongly support the view that FAK play a
suppressive role in apoptosis. Furthermore, decrease of
FAK seems to precede cell apoptosis.
ILK is another integrin cytoplasmic-binding protein that
has been identified as a potential PDK-2. ILK is capable of
phosphorylating PKB/Akt on Ser-473 and stimulating its
activity. Attwell found that overexpression of ILK in SCP2
mouse mammary epithelial cells results in a profound inhibition
of anoikis[29]. Until the present day, no reports have described
the role of ILK in the apoptosis of human hepatocellular
carcinoma cell. We found that the level of ILK was decreased
in DCVC/DPPD-induced apoptosis. This finding is in
accordance with that of Attwell’s reports[29].
β-catenin has emerged as an important oncogene in the
transformation of a number of epithelial cancers[30]. It acts
as a downstream transcriptional activator of the Wingless-Wnt
signaling pathway. The β-catenin-Tcf complex transactivates
the downstream genes that regulate cell proliferation or inhibit
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apoptosis[31]. But Kim et al., reported that overexpressed
β-catenin induces apoptosis in NIH 3T3 fibroblasts, corneal
fibroblasts, corneal epithelia, uveal melanoma cells, and several
carcinoma cell lines[32]. In this study, we found that the level
of β-catenin was dramatically decreased in DCVC-induced
SMMC-7721 cell apoptosis and the reason needs to be
elucidated by further research.
PKB acted as a common downstream signal protein of
FAK, and ILK has been demonstrated to play a suppressive
role in cell apoptosis[21,26,29]. Our results showed that the
PKB level was decreased with increased DCVC concentration
or treatment time, as well as the percentage of apoptotic
cells during the apoptosis induced by DCVC in the presence
of DPPD.
Our findings indicate that DCVC cause the cleavage of
FAK, ILK, β-catenin, and PKB. Cleavage of these proteins
may actually ensure that the cell does not attach to matrix
or other cells. It blocks the cell-matrix and cell-cell adhesionmediated signal transduction and gives rise to cell apoptosis.
It demonstrates the importance of cell adhesion signal
molecules in cell survival. However, the exact way of cleavage
of these proteins is still unclear. FAK and β-catenin may be
cleavaged by caspases, as both have been identified as substrates
for caspases[33,34]. Whether ILK and PKB are also cleaved
by caspases or other enzymes, remains to be determined.
In conclusion, the present findings demonstrate that the
cell apoptosis occurred after the damage of cell-matrix
interaction and cell-cell contact. Cell-matrix and cell-cell
adhesionmediated signal transduction is fundamental for
cell survival and many cell adhesion signal molecules such
as FAK, ILK, and β-catenin have oncogenic potential and
have anti-apoptotic function.
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Abstract
AIM: Oligomeric proanthocyanidins (OPC), natural
polyphenolic compounds found in plants, are known to
have antioxidant and anti-cancer effects. We investigated
whether the anti-cancer effects of the OPC are induced by
apoptosis on human colorectal cancer cell line, SNU-C4.
METHODS: Colorectal cancer cell line, SNU-C4 was
cultured in RPMI 1640 medium supplemented with 10%
fetal bovine serum. The cytotoxic effect of OPC was
assessed by 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay. To find out the apoptotic
cell death, 4, 6-diamidino-2-phenylindole (DAPI) staining,
terminal deoxynucleotidyl transferase (TdT)-mediated
dUTP nick end labeling (TUNEL) assay, reverse transcriptionpolymerase chain reaction (RT-PCR), and caspase-3
enzyme assay were performed.
RESULTS: In this study, cytotoxic effect of OPC on SNUC4 cells appeared in a dose-dependent manner. OPC
treatment (100 µg/mL) revealed typical morphological
apoptotic features. Additionally OPC treatment (100 µg/mL)
increased level of BAX and CASPASE-3, and decreased
level of BCL-2 mRNA expression. Caspase-3 enzyme
activity was also significantly increased by treatment of
OPC (100 µg/mL) compared with control.
CONCLUSION: These data indicate that OPC caused cell
death by apoptosis through caspase pathways on human
colorectal cancer cell line, SNU-C4.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Oligomeric proanthocyanidins are some of the most
abundant polyphenolic substances in the plant kingdom.
Proanthocyanidins are an integral part of the human diet,
found in high concentration in fruits, vegetables and seeds
as well as in most types of tea and red wine[1]. Numerous
studies have reported that flavonoids have potent antioxidant
effects through scavenging of superoxide and hydroxyl
radicals[2] and anti-proliferative actions via inhibition of
metabolic pathways and inhibition of intra-cellular signal
transduction[3]. In addition, a variety of proanthocyanidins have
been shown to be anti-bacterial, anti-viral[4], anti-carcinogenic[3-6],
anti-inflammatory[7,8], anti-allergic[9-11] and consequently
reduce the concentration of reactive oxygen species[12] and
low density lipoprotein oxidation[13], and cardioprotective
effects in human beings[14].
Despite their beneficial effects, the great extent of
polyphenolics are not absorbed and metabolized easily due
to their chemical structures and the glycosylation, acylation,
conjugation, polymerization and the solubility of the
compound. Monomeric flavonoids are absorbed in the small
intestine. However, polymeric polyphenolics may be
degraded by intestinal and colonic microflora, and then
excreted in the feces, and the monomers appear to be
absorbed in a dose-dependent manner[15].
Apoptosis, a programmed cell death, also plays an essential
role as a protective mechanism against cancer cells[16] .
Induction of apoptosis is a highly desirable mode as a
therapeutic strategy for cancer control. In fact, many
chemopreventive agents act through the induction of
apoptosis as a mechanism to suppress carcinogenesis[17].
Recently, cancer chemotherapy has gradually improved with
the development and discovery of novel anti-tumor drugs,
but sometimes these drugs have been limited in clinical
application by drug resistance of tumor and by serious
damage to the normal tissues and cells.
Oligomeric proanthocyanidins incubated with several
human cancer cell lines (breast, lung, gastric, and skin)
revealed a selective cytotoxicity for the cancerous cells.
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However OPC has not been tested for colorectal cancer
which is one of the major cause of cancer-related mortality
in the West.
In this study, we examined the inhibitory effects of OPC
on cancer cell proliferation, and pharmacological mechanism
for anti-tumor effects on human colorectal cancer cell line
SNU-C4.

MA
TERIALS AND METHODS
MATERIALS
Materials
Grape seed OPC was donated by Doosan Biotech (Yongin,
Korea). According to the manufacturer, this OPC extract
contained essentially, dimeric (17.4%), trimeric (16.3%),
tetrameric (13.3%) and oligomeric (5-13 Units) (53.0%)
proanthocyanidins. DAPI and caspase-3 assay kit were
obtained from Sigma (St. Louis, MO, USA). MTT and
TUNEL assay kits were purchased from Roche (Roche,
Basal, Switzerland).
Cell culture
The SNU-C4 cell line was obtained from Korean Cell Line
Bank (KCLB, Seoul, Korea). Cells were cultured in RPMI
1640 medium (Gibco, Grand Island, NY, USA) supplemented
with 10% heat-inactivated fetal bovine serum (Gibco).
Cultures were maintained in a humidified incubator with
5% CO2-95% O2 air at 37 , and the medium was changed
every 2 d.
MTT assay
Cell viability was determined using the MTT assay kit according
to a previously described protocol[18]. In order to detect the
cytotoxicity of OPC, SNU-C4 cells were treated with OPC
at the concentrations of 10, 50, 100, and 500 µg/mL for
24 h. The control group was treated with the same amount
of vehicle. After the MTT, labeling reagent (5 mg/mL)
was added to each group and incubated for 4 h at 37 ,
they were incubated for 12 h with the solubilization
solution in which the formazan crystals formed by MTT
will be dissolved. The absorbance was measured with a
microtiter plate reader (Bio-Tek, Winooski, VT, USA) at a
test wavelength of 595 nm with a reference wavelength of
690 nm. The optical density (A) was calculated as the difference
between the reference wavelength and the test wavelength.
Percent viability was calculated as (A of drug-treated
sample/A of none-treated control) ×100.
DAPI staining
The nucleic condensation of apoptosis was determined by
DAPI staining. SNU-C4 cells treated with OPC (100 µg/mL)
for 24 h were cultured on four-chamber slides (Nalge Nunc
International, Rochester, NY, USA). The cells were fixed in
40 g/L paraformaldehyde for 30 min, and were incubated
for 30 min in the dark, including 1 µg/mL DAPI solution.
They were observed through a fluorescence microscope
(Zeiss, Oberköchen, Germany).
TUNEL assay
For detection of apoptotic cells, TUNEL assay was
performed by ApoTag ® peroxidase in situ cell death
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detection kit (Roche, Basal, Switzerland). After 24 h exposure
to OPC (100 µg/mL), cultured SNU-C4 cells were fixed
in acetic acid at -20 for 5 min. Incubated with digoxigeninconjugated dUTP in a terminal deoxynucleotidyl transferasein a humidified
catalyzed reaction for 1 h at 37
atmosphere. The fixed cells were immersed in stop/wash
buffer for 10 min at room temperature, and the cells were
again incubated with an anti-digoxigenin antibody conjugating
peroxidase for 30 min. The nuclei fragments were stained
using 3,3’-diaminobenzidine (DAB) as a substrate for the
peroxidase.
RT-PCR analysis
Total RNA was isolated from SNU-C4 cells with RNAzolTMB
(TEL-TEST, Friendswood, TX, USA) according to the
manufacturer’s instruction. cDNA was produced using
random hexamer primers and reverse transcriptase
(Promega, Madison, WI, USA). The corresponding cDNA
was amplified in PCR reactions with following primers for
BCL-2 (5’-TCC GTG CCT GAC TTT AGC AAG CTG3’; 5’-GGA ATC CCA ACC AGA GAT CTC AA-3’), BAX
(5’-AGA TGA ACT GGA TAG CAA TAT GGA-3’, 5’CCA CCC TGG TCT TGG ATC CAG ACA-3’), and for
CASPASE-3 (5’-CTT GGT AGA TCG GCC ATC TGA
AAC-3’; 5’-GGT CCC GTA CAG GTG TGC TTC GAC3’). CYCLOPHILIN (5’-ACC CCA CCG TGT TCT TCG
AC-3’, 5’-CAT TTG CCA TGG ACA AGA TG-3’) was
used as an internal standard. The annealing temperature
for BCL-2 and BAX, 57
for CASPASE-3,
was 50
for CYCLOPHILIN. The amplified fragment
and 56
sizes were respectively 333 bp (for BCL-2), 260 bp (for
BAX), 405 bp (for CASPASE-3), and 300 bp (for
CYCLOPHILIN). The PCR products were electrophoresed
on a 1.2% agarose gel, and stained with ethidium bromide.
The PCR amplification was performed in 30 cycles for
BCL-2, BAX, CASPASE-3, and 24 cycles for CYCLOPHILIN.
Caspase-3 enzyme activity
Because caspase-3 is a key step in the regulation of apoptosis,
caspase-3 activity was measured using a commercially
availabe kit. Cells were incubated with OPC (100 µg/mL)
for 24 h, and were washed with phosphate-buffered saline
(PBS) and lysed. Then the lysates were incubated overnight
with caspase-3 substrate (Ac-DVED-pNA) at 37 , and
absorbance at 405 nm was measured using a 96-well
microtiter plate reader. As a positive control, recombinant
caspase-3 protein was incubated with a substrate. As an
inhibitor of caspase-3, Ac-DVED-CHO was used.
Statistical analysis
Results were expressed as mean±SE. All experiments were
done in triplicate. The data were analyzed by one-way
ANOVA followed by Dunnett’s post-hoc analysis using
SPSS. Differences were considered significant at P<0.05.

RESUL
TS
RESULTS
Cytotoxic effects of OPC on colorectal cancer cell line,
SNU-C4
The MTT assay was used to measure the viability of SNU-
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C4 cells exposed to OPC. As shown in Figure 1, the viabilities
of cells exposed to OPC at concentrations of 10, 50, 100,
and 500 µg/mL for 24 h, were 94.03±0.21%, 81.17±0.35%,
35.61±5.53%, and 21.24±1.31% of control value, respectively.
The cytotoxic effect of OPC on SNU-C4 cells appeared in
a dose-dependent manner (Figure 1).

Relative cell viability
(% control)

120
100
80
60
a
40

a

20
0

Control

10
50
100
Concentration (µg/mL)

500

Figure 1 Cytotoxic effects of OPC. SNU-C4 cells were treated with various
concentrations of OPC for 24 h prior to the determination of cellular viability.
Results are presented as mean±SE. aP<0.05 vs control group.

Morphological changes in OPC-induced cytotoxicity
The morphological changes, DAPI staining, and TUNEL
reaction were studied to investigate whether cell death was
a result of apoptosis in SNU-C4 cells. Cells treated with
OPC (100 µg/mL) for 24 h revealed shrinkage of cells
through phase-contrast microscope (Figure 2B). To
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characterize the cell death induced by OPC, nuclear
morphology of dying cells were examined with a fluorescent
DNA-binding agent, DAPI. Cells treated with OPC displayed
typical morphological features of apoptotic cells, with
condensed and fragmented nuclei (Figure 2D). The induction
of apoptosis by OPC was examined by in situ apoptosis
detection. TUNEL assay, based on labeling of DNA strand
breaks generated during apoptosis, confirmed that OPC
induces apoptosis in SNU-C4 cells (Figure 2F).
Involvement of BCL-2 and BAX genes in OPC-induced
cytotoxicity
To examine the role of these BCL-2 family genes in OPCinduced apoptosis, the expression of BCL-2 and BAX genes
were evaluated in SNU-C4 cells using RT-PCR. As shown
in Figure 3, BCL-2 gene expression was markedly decreased
and BAX gene expression was highly increased with OPC
treatment.
Involvement of caspase-3 in OPC-induced cytotoxicity
Since caspase-3 plays the critical role in apoptosis, the
CASPASE-3 gene expression and caspase-3 enzyme activity
were determined through RT-PCR and caspase-3 activity
assay. The expression of CASPASE-3 was markedly
increased after OPC treatment (Figure 3). The caspase-3
activity was measured using specific substrate (Ac-DEVDpNA). Caspase-3 protein was used as the positive control,
and a caspase inhibitor, Ac-DEVD-CHO was the negative
control. As illustrated in Figure 4, caspase-3 specific activity
was increased by OPC treatment.

A

B

C

D

E

F

Figure 2 Characterization of OPC-induced cell death in SNU-C4 cells. Cells
were cultured without OPC (A, C and E) or with 100 µg/mL OPC (B, D and F).
Morphology (top): phase-contrast microscopy shows cell shrinkage, bubble

like bleb in cell membrane and cellular detachment in OPC-treated cultures (B).
SNU-C4 cells stained with DAPI staining (D). SNU-C4 cells stained with TUNEL
staining (F): Scale bar, 10 µm.
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A

B
BCL-2

BAX

CASPASE-3
CYCLOPHILIN

Figure 3 Results of RT-PCR analysis of BCL-2, BAX, and CASPASE-3. As
internal control, CYCLOPHILIN mRNA was also reverse-transcribed and
amplified. (A) Control, (B)100 µg/mL OPC treated group.
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Figure 4 Result of caspase-3 enzyme activity assay. The rate of Ac-DEVDpNA cleavage was measured at 405 nm. OPC was used as concentration of
100 µg/mL. Caspase-3 was a positive control and Ac-DEVD-CHO was a
caspase inhibitor. aP<0.05 vs control group.

DISCUSSION
Colorectal cancer is the most common of visceral malignancies
with the third most common cause of cancer-related
mortality in the West[19]. Despite improvements in the
management of the colon cancer patient, there is little change
in survival rates over the past 50 years[20]. Tumor cells differ
from normal cells in their non-responsiveness to normal
growth-controlling mechanisms. Current chemotherapeutic
drugs try to change the biological properties of cancer cells
that continuously divide and grow[21].
In the present study, we investigated the effect of OPCinduced apoptosis on human colorectal cancer cell line SNUC4 to define the pharmacological basis for anticancer effects
and its mechanism of OPC. OPC, extracted from grape
seed showed potent anti-oxidant effects in numerous
studies [22-25]. Additionally, proanthocyanidins exhibit anticarcinogenic [3-6], anti-inflammatory [7,8], anti-allergic [9,10],
cardioprotective activities[14], as well as being inhibitors of the
phospholipase A2, cyclooxygenase and lipooxygenase3[26].
Recently, Carnésecchi et al.[6], reported anti-proliferative
effects of procyanidins from cocoa extracts on the growth
inhibition of human colonic cancer cell with a blockade of
the cell cycle at the G2/M phase. OPC have demonstrated
the anti-proliferative effect in murine Hepa-1c1c7 [26],
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cytotoxic effects on selected human cancer cells, including
cultured MCF-7 breast cancer, CRL 1739 gastric adenocarcinoma
and A-427 lung cancer cells[5]. These reports demonstrated
that OPC influences cancer cell proliferation and growth.
The results of present study demonstrated that OPC
induce cytotoxic effect measured by the cell viability on
SNU-C4 cells in a dose-dependent manner (Figure 1). SNUC4 cells also showed apoptotic morphological change of
nuclear shrinkage, chromatin condensation, irregularity in
shape and retraction by the OPC treatment (Figure 2). In
this study, we observed the apoptotic morphology of cellular
bodies and the chromatin condensation by DAPI staining
(Figure 2). It is known that DNA strand breaks occur during
the process of apoptosis, and the nicks in DNA molecules can
be detected by the apoptotic status of cells through TUNEL
assay[27]. In the present study, typical TUNEL distinction
of apoptosis was observed in OPC-treated cells (Figure 2).
In a number of studies, it has been documented that
the progress of apoptosis is regulated by the expression of
several genes, one of these genes is a member of the BCL-2
family [28]. The BCL-2 family can be classified into two
functionally different groups: anti-apoptotic genes and proapoptotic genes. BCL-2, an anti-apoptotic gene, is known
for regulating the apoptotic pathways and protecting cell
death, while BAX, a pro-apoptotic gene of the family, is
expressed abundantly and selectively during apoptosis,
promoting cell death[29]. Our data showed that OPC altered
the expression of apoptosis-regulating genes. BCL-2 gene
expression decreased and BAX gene expression increased
after OPC-treatment (Figure 3).
At the execution phase of apoptosis, a series of
morphological and biochemical changes appear to have
resulted from the action of caspases [30]. Caspase-3, in
particular, is believed to be most commonly involved in the
execution of apoptosis in various cell types[31], because it
cleaves most of caspase-related substrates, including key
proteins such as the nuclear enzyme PARP[32]. In our data,
it is shown that the CASPASE-3 gene expression was
increased (Figure 3) and the activity of caspase-3 was
increased after OPC treatment (Figure 4). Based on the
results, OPC appears to activate intracellular death-related
pathways, leading to caspase-3 activation in SNU-C4 cells.
Ye et al.[5], revealed cytotoxicity of proanthocyanidins from
grape seed compared between the human cancer cells with
two normal cells, proanthocyanidins demonstrated selective
cytotoxicity toward several cancer cells at the concentration
of 25, 50 mg/L, while it enhances the growth and viability
of the normal cells at the same concentration. Moreover,
Joshi et al.[33], demonstrated that grape seed proanthocyanidin,
ameliorates the toxic effects associated with chemotherapeutic
agents such as, 30 nmol/L idarubicin and 1 µg/mL 4hydroxyperoxycyclophosphamide (4-HC) on normal human
hepatocyte, Chang liver cells. These findings suggest that
the treatment with OPC show low toxicity on normal cells,
and it might have a novel anti-tumor effect on human
colorectal cancer cells.
In conclusion, inhibitory effect of OPC on the proliferation
of human colorectal cancer cells, SNU-C4 is mainly through
apoptosis induced by CASPASE-3 related to BCL-2
families.
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Abstract
AIM: To conduct the proteomic analysis of human colorectal
carcinoma cell line, SW480 by using two-dimensional
electrophoresis (2-DE) and matrix-assisted laser desorption
/ionization-time of flight mass spectrometry (MALDITOFMS).
METHODS: The total proteins of human colorectal
carcinoma cell line, SW480 were separated with 2-DE by
using immobilized pH gradient strips and visualized by
staining with silver nitrate. The gel images were acquired
by scanner and 2-DE analysis software, Image Master 2D
Elite. Nineteen distinct protein spots were excised from gel
randomly and digested in gel by TPCK-trypsin. Mass analysis
of the tryptic digest peptides mixture was performed by using
MALDI-TOF MS. Peptide mass fingerprints (PMFs) obtained
by the MALDI-TOF analysis were used to search NCBI,
SWISS-PROT and MSDB databases by using Mascot software.
RESULTS: PMF maps of all spots were obtained by
MALDI-TOF MS and thirteen proteins were preliminarily
identified.
CONCLUSION: The methods of analysis and identification
of protein spots of tumor cells in 2-DE gel with silver staining
by MALDI-TOF MS derived PMF have been established.
Protein expression profile of SW480 has been obtained.
It is demonstrated that a combination of proteomics and
cell culture is a useful approach to comprehend the process
of colon carcinogenesis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is one of the three leading causes
of morbidity and mortality worldwide[1]. It is believed that
CRC develops through a multistep process involving the
accumulation of genetic alterations. The genetic changes
involved in colon carcinogenesis, including changes in protooncogenes, tumor suppressor genes, and DNA repair genes
were well studied. But the exact mechanisms involved in
this process are not well understood. Recently, changes in
the transcriptome of colon tissues were studied by using
DNA microarray analysis[2]. However, the value of mRNA
changes may be limited in terms of understanding changes
in cellular physiology. Instead, genetic alterations lead to
altered expression patterns, modifications in protein structures
and functions. Alterations in the proteome may reflect cellular
changes more accurately since proteins are the actual
mediators of intracellular processes as opposed to mRNAs.
Proteomics is the study and analysis of the proteins of living
organisms. In recent years, the development of research
entailing the protein complement of the genome, the
proteome, has evolved significantly as a result of improved
technology for two-dimensional gel electrophoresis (2-DE)
and mass spectrometry (MS) for protein identification. With
these technologies, it is now possible to obtain a more holistic
view of protein changes associated with colon carcinogenesis.
Here, for the first time, a proteomic approach is used to
display the protein profile of human colorectal carcinoma
cell line, SW480 to understand the basis of colon carcinogenesis.
MA
TERIALS AND METHODS
MATERIALS
Chemicals and materials
Immobilized pH gradient (IPG) strips (pH3-10, linear, 13 cm),
IPG buffer (pH3-10, linear) were purchased from Amersham
Biosciences (Uppsala, Sweden). Dithiothreitol (DTT),
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iodoacetamide (IAA), TPCK-trypsin, Trifluoroacetic acid
(TFA), CHAPS, α-cyano-4-hydroxycinnamic acid (CHCA)
were purchased from Sigma company (St. Louis, MO, USA).
All the buffers were made by using high purity MilliQ water.
IPGphor electrophoresis unit, Hoefer SE 600 vertical
chambers, electrophoresis apparatus, Image Master 2D Elite
4.01 software and image scanner were purchased from
Amersham Biosciences. Voyager-DE MALDI-TOF MS was
product of Applied Biosystems (USA).
Cell line culture and sample preparation
The cell line, SW480 was purchased from Institute of Biochemistry and Cell Biology, Chinese Academy of Sciences
(Shanghai, China). The cells were cultured in RPMI 1640
medium supplemented with 10 mL/L fetal bovine serum
(FBS) and antibiotics. The cells were maintained in an
incubator at 37 in 50 mL/L CO2 humidified atmosphere.
The cells grown at the exponential growth phase were
harvested with trypsinization. After washing in Hanks’
solution and ice-cold PBS, the cells were counted, lysated
in a cocktail of 9 mol/L urea, 40 g/L CHAPS, 40 mmol/L
Tris and 40 mmol/L DTT and centrifuged at 12 000 g in
for 1 h at 4 . Protein concentrations were determined by
the method of Bradford.
2-D electrophoresis
2-DE was performed by using IPG strips. Briefly, firstdimensional isoeletric focusing (IEF) was performed on
13 cm strips (pH 3-10, linear) by using an Amersham
IPGphor unit. IEF was carried out by using an IPGphor
electrophoresis unit (Amersham Biosciences). Separation in
the second dimension (SDS-PAGE) was carried out on a
1.0 mm-thick 125 g/L polyacrylamide gels at a constant
current (20 mA/gel) and temperature (15 ) by using the
Hoefer SE 600 vertical chambers. After 2-D separation,
the gels were stained with silver nitrate. Image analysis was
performed by using the Image Master 2D Elite software 4.01.
In-gel trypsin digestion of proteins
Proteins were in-gel digested as previously described by Wilm
et al., (Nature 1996; 379: 466-469) with some modification.
Silver-stained spots were excised and washed with a 50 µL
fresh bleaching liquid (100 mmol/L Na2S2O3: 30 mmol/L
K 3Fe (CN) 6 = 1:1). Gel spots were dried in a vacuum
centrifuge and reswelled in 50 µL of solution containing
10 mol/L DTT/100 mol/L NH4HCO3 and incubated at
57 for 1 h. This solution was subsequently replaced with
50 µL of solution containing 55 mol/L IAA/100 mol/L
NH4HCO3 and incubated at room temperature for 30 min.
The gel spots were dried again and digested with TPCK-tryp
overnight. After the incubation, the liquid was
sin at 37
removed from the gel piece and the liquid was transferred
to a new-labeled tube. This solution contains the extracted
tryptic peptides.
MALDI-TOF –MS analysis of tryptic peptide
Mass analysis was performed by using a Voyager-DE
MALDI-TOF MS (Framingham, MA, USA), operated in
the delayed extraction and linear mode. The tryptic digest
mixture was mixed with CHCA matrix. The MALDI spectra
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averaged over 50 laser shots. All mass spectra were calibrated
externally by using a standard peptide mixture (angiotensin
II and ACTH 18-39). Internal calibration was performed
by using auto digestion peaks of trypsin.
Database searching and identification of proteins
Peptide mass fingerprints obtained by the MALDI-TOF
MS were used to search NCBInr, SWISS-PROT and MSDB
databases by using Mascot software (http://www.
matrixscience.com). The parameters used for the search
were as follows: peptide mass ranged from 1 000 tp 3 000 U;
modifications were allowed for carboxy-amidomethylation
of cysteine and oxidation of methionine; one missed
cleavage site was allowed; mass accuracy was±1 U; restriction
was placed on the species of Homo sapiens. The criteria for
positive identification of proteins were set as follows: (1) the
MS match consisted of a minimum of four peptides; (2) the
matched peptides covered at least 20% of the whole protein
sequence; (3) 50 ppm or better mass accuracy.

RESUL
TS
RESULTS
Proteomic pattern of SW480 by 2-DE
Proteins of human colorectal cancer cell line SW480 was
separated by 2-DE. Spots were visualized with silver
staining. Three pairs of gels from SW480 were analyzed
by using the Image Master 2D Elite software 4.01. Figure 1
shows a representative example of cell proteins separated
on a 2-DE gel, where 100 µg of total protein was applied.
Nearly 1 000 proteins spots were obtained in the range of
M r 14 400-9 4000 u, PI 3-10.
Mr
97 400
66 200

1 2
3
4

43 000
31 000

7 6 5
9

20 100
16

14 400

17

10 11
12

8
15
1314

18

19
pH

3

10

Figure 1 2-DE map of human colorectal cancer cell line SW480 proteome
(silver staining).

MALDI-TOF MS analysis of proteins
Nineteen distinct protein spots were excised from gels
randomly and marked with Arabic numbers at the
corresponding sites in Figure 1. All spots obtained the PMF
maps by MALDI-TOF MS following in-gel digestion with
TPCK-trypsin. Figure 2 shows the spectrum of trypsin
digestion of protein spot 2.
Database searching and identification of proteins
PMFs obtained by the MALDI-TOF MS were used to search
NCBInr, SWISS-PROT and MSDB databases by using
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3 001.0

Figure 2 PMF of protein spot 2 in SW480 2-DE map.

Mascot software (http://www.matrixscience.com). Figure 3
shows the searching result of spot 2.
Thirteen proteins were preliminarily identified on the basis
of peptide mass matching by database searching. Some PMFs
such as 1, 8, 9, 10, 11, 16 were not searched by the satisfactory
proteins. Table 1 lists the identified proteins. Among these
proteins, some were correlated with signal transduction (e.g.
zinc finger protein 79 and PR-domain zinc finger protein 7
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isoform B), some with cell metabolism (e.g. enolase 1,
phosphopyruvate hydratase, carboxypeptidase A5 precursor
and peptidylprolyl isomerase), some with cell growth and
adhesion (e.g. paired box transcription factor and intermediate
filament-binding fragments of Desmoplakin), and some with
the immunological function of tumor cells (e.g. MHC class
I promoter binding protein, immunoglobulin heavy chain
VHDJ region and human B7-1 CTLA-4 co-stimulatory
complex).

DISCUSSION
To further understand cellular functioning, the next logical
level of analysis is proteomics. Proteomics is the study of
global protein expression patterns in a cell, tissue, or organism.
In general, it deals with the large-scale determination of
gene and cellular function directly at the protein level[3].
The most commonly used method is a combination of twodimensional electrophoresis (2-DE) and mass spectrometry
(MS)[4]. Protein mixtures from cells are separated by 2-DE,
stained, and each observed protein spot is quantified by its
staining intensity. Selected spots are excised, digested and

Number of hits

15
10
5
0
25

50
Probability based mowse score

75

Probability Based Mowse Score: Score is -10 Log (P), where P is the probability that the observed match is a random event. Protein scores
greater than 63 are significant (P<0.05).
Concise protein summary report:
Accession

Mass

Score

(U)
1. gi|4503571

47 511

Peptides

Protein description

matched
88

14

Enolase 1; Phosphopyruvate hydratase;
MYC promoter-binding protein 1; Non-neural enolase;
2-phospho-D-glycerate hydro-lyase;

47 435

88

14

Tau-crystallin [Homo sapiens]
Hypothetical protein [Homo sapiens]

3. gi|2661039

36 651

75

12

Alpha enolase [Homo sapiens]

4. gi|13279239

30 168

74

11

ENO1 protein [Homo sapiens]

5. gi|693933

47 451

68

12

2-phosphopyruvate-hydratase alpha-enolase;

6. gi|3282243
7. gi|39644728

29 853
29 204

62
61

10
10

2. gi|31873302

Carbonate dehydratase [Homo sapiens]
Alpha enolase like 1 [Homo sapiens]
ENO1 protein [Homo sapiens]

8. gi|39644850

20 700

44

7

9. gi|1022782

25 872

42

7

Ca2+-dependent activator protein for secretion

10.gi|37540705

16 508

40

6

Hypothetical protein XP_353015 [Homo sapiens]

Matched peptides shown in bold red:

ENO1 protein [Homo sapiens]
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270-281
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336-343
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359-372
373-394
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2
1
1
1
1
2
1
1
1
1
1
1
1
2
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176.80
541.52
073.12
426.28
901.22
008.03
634.29
527.20
353.91

World J Gastroenterol
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KTIAPALVSK
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TVTNPKRIAK
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Mr (expt)

Mr (calc)

2
1
1
1
1
2
1
1
1
1
1
1
1
2

2
1
1
1
1
2
1
1
1
1
1
1
1
2

153.78
804.64
519.20
907.53
961.05
175.79
540.51
072.11
425.27
900.21
007.03
633.28
526.19
352.90

154.36
805.02
519.83
908.31
961.07
176.47
540.80
072.18
425.60
901.19
007.24
633.84
525.75
353.63
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-0.68
-0.29
-0.07
-0.33
-0.98
-0.21
-0.56
0.44
-0.73

1
0
0
0
0
1
0
1
0
1
0
0
0
0
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LAQANGWGVMVSHR
SGETEDTFIADLVVGLCTGQIK

Figure 3 Searching results of spot 2.

analyzed by MS[5]. 2-DE was the first technique capable of
supporting the concurrent quantitative analysis of large
numbers of gene products. Proteins are separated by charge
in the first dimension and then by size in the second dimension,
yielding spots on a polyacrylamide gel. Then, each protein
spot was individually recovered and cleaved into short peptide
fragments. 2-DE has been a mature technique for more than
25 years. Compared to classical 2-DE with carrier ampholytes
(O’ Farrell 1975), the employment of immobilized pH gradient
(IPG) gel strips as the first dimension, isoelectric focusing (IEF),
has produced significant improvements in 2-D electrophoretic
separation, permitting higher resolution and greater
reproducibility. It become an effective method for separation
of complex proteomes such as human cancer cells and tissues,
facilitating spot identification by peptide mass fingerprinting
(PMF), MALDI or tandem mass spectrometry, amino acid
composition analysis, N-terminal and/or internal peptide
microsequencing. We have developed a comprehensive
strategy for reproducible, robust, gel-based separation of
>1 000 protein components for quantitative protein profile.
This strategy uses improved sample preparation methods
and an optimized in-gel proteolysis protocol.
Protein identification is the most important step in
expression proteomics. MS has increasingly become the
method of choice for analysis of complex protein samples.
MS-based proteomics is a discipline made possible by the
availability of gene and genome sequence databases and
technical and conceptual advances in many areas, most
notably the discovery and development of protein ionization
methods, as recognized by the 2002 Nobel prize in chemistry.

The two most widely used ion-producing methods are called
Electro Spray Ionization (ESI) and Matrix-Assisted Laser
Desorption Ionization (MALDI)[6]. The method of choice
for rapid, high-volume sequence analysis is MALDI,
developed in 1987 by Hillenkamp and Karas [7]. In this
process, peptides are first made soluble in a solvent containing
an organic acid, such as nicotinic acid, and are then deposited
onto a metal stage, as the solvent is evaporated. The organic
acid plays a dual role - it is capable of absorbing light energy
and it serves as a matrix that holds the protein molecules in
place. Energy from a short laser pulse is absorbed by the
matrix, which vaporizes, releasing stable precharged peptide
ions into the ion chamber. Ionized molecules released in
this manner may remain intact or break down into smaller
pieces en route to the detector. MALDI’ s tendency to
deliver intact protein masses to the detector is very useful
for determining the full molecular weight of a protein, but
provides little information about the amino acid sequence
that composes it. This limitation can be overcome by
enzymatically or chemically cleaving the protein to obtain a
mixture of peptides that is then analyzed by mass spectrometry.
The peptide mass pattern obtained in this manner is
characteristic of the original protein and constitutes a sort
of “fingerprint” that can aid in its identification. Each peptide
in the fingerprint can be further analyzed by fragmentation
to yield complex patterns of ion mass that may be used to
identify the molecule. Once a suitable mass spectrum is
obtained, it is compared against a protein mass spectral
database to see if the sample pattern matches the fingerprint
of any known peptides. Commonly used protein sequence
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databases include the SWISSPROT, OWL and NCBInr
databases, which are publicly available. Several software
programs for protein identification are available online such
as Mascot (http://www.matrixscience.com), MOWSE
(http://srs.hgmp.mrc.ac.uk/cgi-bin/mowse), PeptIdent2,
and ProFound (http://prowl.rockefeller.edu/cgi-bin/
ProFound or http://www.proteometrics.com/prowl-cgi/
ProFound.exe), Prowl (http://prowl.rockefeller.edu/
contents/resource.htm), and Protein Prospector (http://
prospector.ucsf.edu/). PMF by MALDI-TOF has become
highly efficient in the identification of gel-separated proteins[8].
The identified proteins were abundantly expressed in
SW480 cells including enzymes (enolase), cytoskeletal
components (intermediate filaments, IF), transcription factors
(PR-domain family), and immunological molecules (MHC
class and human B7-1 CTLA-4 co-stimulatory complex).
These proteins maybe involved in colorectal carcinogenesis.
Enolase is a key enzyme of glycolysis related with the energy
metabolism [9]. This gene encodes one of three enolase
isoenzymes found in mammals. It encodes alpha-enolase, a
homodimeric soluble enzyme, and also encodes a shorter
monomeric structural lens protein, tau-crystallin. The two
proteins are made from the same message. The full-length
protein, the isoenzyme, is found in the cytoplasm. The shorter
protein is produced from an alternative translation start, is
localized to the nucleus, and has been found to bind to an
element in the c-myc promoter. A pseudogene has been
identified, that is located on the other arm of the same
chromosome. Intermediate filaments are the most abundant
cytoskeletal proteins in cells and regulate the migration of
normal and transformed epithelial cells and can be used to
define a specific cancer tissue[10]. The PR domain (PRDIBF1-RIZ homology region), a distant relative of the SET
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domain functioning in chromatin-mediated gene expression,
defines a small family of zinc-finger type DNA-binding
transcription factors. Three human members are presently
known, and they are RIZ, MDS1-EVI1, and PRDI-BF1 or
BLIMP1. A characteristic feature of these genes is the
unusual yin-yang involvement in human cancers. Two
products are normally produced from PR-domain family
members who differ by the presence or absence of the PR
domain; the PR-plus product is disrupted or under expressed
whereas the PR-minus product is present or over expressed
in cancer cells. This imbalance in the amount of the two
products, a result of either genetic or epigenetic events,
appears to be an important cause of malignancy[11].
Cancer cells can be detected and destroyed by cytotoxic
T lymphocytes in many tumors. In humans however, most
diagnosed tumors are not eliminated by T cells but grow
steadily, invading and metastasizing until the host is
destroyed. Evidence is accumulating that progressive tumor
growth occurs not because the immune system is defective
or deteriorated, but because the cancer cell is capable of
developing a variety of strategies to escape immune recognition.
Major histocompatibility complex (MHC) molecules are of
central importance in regulating the immune response against
tumors. Proper HLA class I antigen processing and presentation
is a prerequisite for the recognition of tumor cells by cytotoxic
T lymphocytes[12]. MHC II molecules are designated DP,
DQ or DR and consist of two transmembrane polypeptides:
an alpha (α) chain and a beta (β) chain. HLA-DPB1 is
located on chromosome 6p12.3 and codes for Human
Leukocyte Antigen, a Major Histocompatibility Class II
(MHC II) molecule. MHC II molecules are heterodimeric,
having α and β chains, DPB1 codes for the β chain. These
molecules are responsible for initiation of the immune

Table 1 Database searching results of proteins of SW480 cell line
Spot
ID

NCBI
ID

Peptides
matched

Sequence
covered (%)

Theoretic
Mr/pI

Protein name

1
2

Unidentified
gi|4503571

14/40

44

47 511/7.01

3
4
5

gi|24307937
gi|37723146
SwissProt ID:

19/35
4/11
3/12

26
24
15

56 918/8.48
33 130/7.04
394 787.81

6

gi|22219251

4/13

21

23 385/6.23

7
8
9
10
11
12
13
14
15

gi|2135648
Unidentified
Unidentified
Unidentified
Unidentified
gi|13786754
MSDB ID: 1AK4B
gi|21670535
gi|8575802

6/38

31

25 794/6.42

4/24
6/36
3/19
5/26

34
33
50
35

24 093/5.38
18 010/7.85
13 285/8.64
18 715/8.29

Chain A, human B7-1 CTLA-4 co-stimulatory complex
Peptidylprolyl isomerase (EC 5.2.1.8) A, chain B
Immunoglobulin heavy chain VHDJ region [Homo sapiens]
PR-domain zinc finger protein 7 isoform B;
PR-domain family protein 4 isoform B; PRDM7B; PFM4B

16
17
18

Unidentified
gi|2222804
gi|24475861

4/31
4/25

55
42

10 467/4.85
14 004/5.65

19

gi|2134526

3/43

52

9 785/5.02

HLA-DPB1
Phosphohistidine phosphatase;
Sex-regulated protein janus-a
Gene MHC DQ-beta 1 protein (fragment)

Enolase 1; Phosphopyruvate hydratase;
MYC promoter-binding protein 1; Non-neural enolase;
2-phospho-D-glyceratehydro-lyase; Tau-crystallin
Zinc finger protein 79 (pT7)
Paired box transcription factor
Carboxypeptidase A5 precursor (EC 3.4.17.1)
Q8WXQ8-01-00-00
Chain A, structures of two intermediate
filament-binding fragments of Desmoplakin
MHC class I promoter binding protein (fragment)
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response through antigen presentation to T cells[13,14]. B7
family members play a central co-stimulatory role in T cell
activation[15]. These two signals are necessary for T cell
activation. It is generally accepted that human and experimental
tumor cells can lose Major Histocompatibility Complex
(MHC) class I molecules and this represents the major
mechanism of tumor escape from T-cell immune responses.
This is now mandatory, considering the high frequency of
total or partial MHC class I losses observed in different
tumor types as a result of escape mechanism from infiltratinginfiltrating lymphocytes: 90% in cervical carcinomas[16], 73%
in colorectal carcinomas[17], 88% in breast carcinomas[18, 19],
51% in melanomas[20, 21], and 66% in laryngeal carcinomas[22]
and renal cell carcinoma[23]. The expression of MHC I, MHC
II and B7-1 molecules by SW480 cells might imply that
such a kind of tumor cells had all the components necessary
for evoking T lymphocyte activation and generating a
positive anti-tumor immune response. Why the hosts cannot
eliminate the malignancies? Recent findings discovered that
the lymphocyte population of a patient with CRC contained
at least two types of lymphocytes with tumor specificity, i.e.,
CTLs and regulatory T cells. They might be induced by a
tumor-associated self antigen(s)[24, 25]. However, the exact
immunological pathomechanism(s) of these immu-nological
molecules remains to be established. The regulatory T cells
may suppress autologous CTL functions, resulting in escape
of the tumor from immune surveillance by CTLs. This may
explain why tumors often grow despite the presence of CTLs
in the same individual.
Peptide mass fingerprinting (PMF) is a powerful tool
for identification of proteins separated by 2-DE. However,
there are several limitations to peptide mass fingerprinting,
including a lack of complete and accurately annotated
genome- and protein-sequence databases for a great number
of highly homologous human proteins. Beyond identification,
confirmation and validation of the protein of interest are
also important steps in proteomic approaches.
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Abstract
AIM: To determine whether any changes have occurred
on the patterns of colorectal cancer in China.
METHODS: Data from 21 Chinese articles published from
1980 to 1999, were used to analyze the time trend of
colorectal cancer according to the patients’ age at diagnosis,
sex, the site of the tumor, stage, and the pathology.
RESULTS: From 1980s to 1990s, the mean age of the
colorectal cancer patients has increased. The percentage
of the female patients rose. The distribution of colorectal
carcinoma shows a predominance of rectal cancer. However,
the proportion of proximal colon cancer (including transverse
and ascending colon) increased significantly accompanied
by a decline in the percentage of rectal cancer. Similarity in
the percentage of distal colon cancer between two decades
was revealed. In the 1990s, statistically more Stage B patients
were found than those in 1980s. In addition, databases show
a significant decrease in the Stage D cases. The proportion
of adenocarcinoma increased, but the mucinous
adenocarcinoma decreased during two decades.
CONCLUSION: These findings indicate that the pattern
of colorectal cancer in China has been changing. Especially,
a proximal shift due to the increasing proportion of ascending
and transverse colon cancer has occurred in China.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal carcinoma (CRC) is one of the most common

tumor types in the world, with approximately 400 000 deaths
annually[1]. It is a frequent cause of cancer death in the
developed world[2]. For example, in the USA, despite a slight
decrease in its incidence and mortality during the past two
decades, CRC has remained the third most common cancer,
affecting approximately 140 000 people and causing
approximately 50 000 cancer-related deaths per year[3]. In
China, the incidence rate was initially low, but in recent
years, due to the changes of life style and nutritional habits,
the rate is increasing. The most impressive increase in the
incidence rates of CRC was observed from 1972-1974 to
1987-1989, being 85% in males and 79% in females. The
average rate of increase in incidence is 4.2% per year[4].
According to the report of the Ministry of Health PR China
in 2002, the incidence rate of CRC has ranked third in
1990s, from the sixth most common cancer in 1970s, and
the death rate of CRC has increased to 10.25/105 annually,
which is the fifth leading cause of cancer mortality[5].
Recent epidemiologic studies have suggested that the
anatomic distribution of colorectal cancer may have
undergone a distal to proximal shift over several decades.
Lev[6] has reported that during 1986 to 1992, cecal and
ascending colon tumors increased in incidence from 33.9%
to 36%, tumors of the transverse colon increased from
15.8% to 17.2%, and tumors of the sigmoid colon decreased
from 36.0% to 33.4%.
So besides the increasing incidence rate and mortality
rate, we still want to know whether there are some changes
on patterns of CRC in China. But because a National
Colorectal Cancer Registry system has not been established
yet in China, so we compiled all the Chinese articles on
CRC in order to compare the changing patterns between
1980s and 1990s. These articles were published on the
journals included by the Chinese S&T Journal Citation
Reports (CJCR). It is difficult to collect only articles in SCI,
because in 1980s, few Chinese journals were included by
SCI.

MA
TERIALS AND METHODS
MATERIALS
Data were obtained from 21 Chinese articles published from
1980 to 1999 in CJCR. The articles involved 25 hospitals
and 11 geographic areas of China. The study was based on
the records of 10 201 patients reported during 20 years.
According to the time of falling ill, they were divided into
two groups, 1980s and 1990s. The former included 3 420
patients, and the latter had 6 781. These cases were recorded
under sex, age, the subsites distribution of the CRC, Dukes’
classification and the pathologic data. The distribution of
the CRC was categorized into five segments: rectum (excluding
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anal canal cancer), sigmoid, descending colon, transverse
colon, and ascending colon (including cecum cancer but
excluding appendicular neoplasm). On the other hand, we
classified as proximal colon (ascending and transverse colon),
distal colon (descending and sigmoid colon) and rectum.
The patients without these detailed data were excluded.
Statistical analysis
Statistical analysis was performed using the SPSS 10.0
program. Independent samples’ t test was used to compare
the difference of age between two groups. Other data was
examined by χ2 test and statistical significance was accepted
at P<0.05.

RESUL
TS
RESULTS
Incidence and patient characteristics
In the 1980s group, 3 420 patients were reported, including
2 053 men and 1 367 women. The ratio was 1.50:1. But in
the 1990s group, 6 781 patients were registered, among
them there were 3 780 men and 3 001 women, and the
ratio was 1.26:1. There is a significant difference between
the two groups on the gender constituent ratio (P<0.05).
The mean age of 1980s group was 56.83, which was lower
than 59.66 in 1990s (Table 1).
Table 1 Epidemiologic results

Total number of CRCs
Male
Female
Male/female ratio
Mean age (yr)

1980s (%)

1990s (%)

3 420
2 053 (60.03)
1 367 (39.97)
1.50:1
56.83

6 781
3 780 (55.74)
3 001 (44.26)
1.26:1
59.66

Dukes’ classification
Of all CRCs, complete tumor staging is available in 2 300
and 3 772 patients in 1980s and 1990s respectively.
Distributions among different categories of the Dukes’
classification are shown in Table 3. In 1990s statistically
more Stage B CRCs were found than in 1980s (P<0.001)
and databases show a statistically significant decrease in the
Stage D cases.
Table 3 Dukes’ staging
Stage

1980s (%)

1990s (%)

P

A
B

306 (13.3)
679 (29.5)

416 (11.0)
1 399 (37.1)

0.01
<0.001

C
D

823 (35.8)
492 (21.4)

1 379 (36.6)
578 (15.3)

<0.001

Total

Table 4 Pathologic classification
Pathologic classification
0.02

Table 2 Distribution of CRC

Rectum
Colon
Distal
Sigmoid
Descending colon
Total distal CRCs
Proximal
Transverse colon
Ascending colon
Total proximal CRCs
Others
Total number of CRCs

2 484 (72.6)
936 (27.4)

1990s (%)

P

4 539 (66.9)
2 242 (33.1)

<0.001
<0.001

337 (9.9)
226 (6.6)
563 (16.5)

844 (12.4)
366 (5.4)
1 210 (17.85)

<0.001
0.02

87 (2.5)
286 (8.4)
373 (10.9)

275 (4.1)
757 (11.2)
1 032 (15.2)

<0.001
<0.001
<0.001

3 420

6 781

3 772

P

Distribution of CRC
The CRC localization changed in the two decades. The
distribution of CRC shows a predominance of rectal cancer.
However, the proportion of rectal cancer in CRC has
decreased significantly from 71.2% in 1980s to 66.7% in
1990s (P<0.001). The proportion of transverse colon and
ascending colon individually increased significantly (P<0.001).
Meanwhile, the percentage of patients with proximal colon
cancer among those with colorectal cancer certainly increased
significantly (10.9% vs 15.2% P<0.001). But the data
revealed similarity in the percentage of distal colon cancer
between two groups (P>0.05, Table 2).

1980s (%)

2 300

Pathologic classification
The pathologic data of the CRCs were classified into
adenocarcinoma, mucinous adenocarcinoma and others
which mean carcinoid, adenosquamous carcinoma, and so
on. We can see in Table 4, that recent pathologic classification
in CRC in China has significantly changed. The proportion of
adenocarcinoma increased but the mucinous adenocarcinoma
decreased (P<0.001).

Adenocarcinoma
Mucinous adenocarcinoma
Others
Total

Localization
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1980s (%)

1990s (%)

P

1 251 (82.1)
231 (15.2)

3 838 (85.6)
465 (10.4)

<0.001
<0.001

42 (2.8)
1 524

180 (4.0)
4 483

DISCUSSION
Rates of CRC vary considerably with geography. The disease
is common in USA, Australia, Western Europe, and
Scandinavia and is relatively uncommon in Asia, Africa,
and South America[7,8]. In recent years, there were some
changes on the pattern of CRC, such as increasing incidence
rate in Japan and Eastern Europe[9-11], continued rightward
shift of CRC[11-13] and so on. Compared with Western
countries, the incidence of CRC in China is low, but the
dietary habits and lifestyle of Chinese have changed greatly,
and the incidence is increasing rapidly. Thus, it is worthwhile
to study the time trends for the changing patterns on CRC
in China. This study collected 10 201 cases to investigate
the age, male/female ratio, subsite distribution and pathologic
changes on CRC in China over a period of 20 years.
CRC is primarily a cancer of the older population and
risk for it increases with age[7,8]. The increase of mean age
may contribute to the population aging during 20 years in
China. But we failed to show that there is a significance
between the two decades.
It is clearly shown that the proportion of the female patients
on CRC in China increased significantly from 1.50:1 in 1980s
to 1.26:1 in 1990s. One possible explanation for the role of
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gender may be the effect of female hormones[14]. Some
suggested that hormonal replacement therapy may decrease
the incidence of CRC in females[15,16]. Female sex hormones
are known to affect cholesterol metabolism, which in turn
affects bile acid production, a pathway linked to the
development of colorectal cancer[17].
In low-risk countries, rectal cancer accounts for the
largest proportion of all colorectal cancers[18]. The proportion
of rectal cancer among all colorectal cancers is generally
less than 40% in Europe and North America, in contrast to
the 50% or more in Asia[19]. In our study, rectal cancer is
the main part of the colorectal cancer in China, no matter
what was in 1980s or 1990s. However, the ratio of patients
with colon cancer to all CRC cases has increased greatly in
both sexes. In 1980s, the proportion of the colon cancer is
27.4%, but 33.1% in 1990s. Correspondingly, the percentage
of rectal cancer decreased obviously. Likewise, several
recent studies reported consistent results[19-24]. The reason
for this is not clear. It may be continued anatomic rightward
shift of CRC, which were mentioned as follows, improved
diagnostic accuracy for lesions in colon [19], and varying
etiologic factors[21,23,24].
In the past 40 years, since the first description on
CRC shift toward the proximal colon by Axtell and
Chiazze[25], many investigators confirmed it from various
countries [14,24,26-34] . The present study indicates the
distribution of colon cancer in China changed greatly in
20 years, a significant increase in proximal colon cancer
including transverse and ascending colon. The ratio of
proximal colon cancer to all CRCs increased about 4.3%.
Nevertheless the proportion of total distal colon cancer
(sigmoid and descending) remains static. To exclude the
possible question that the rightward shift may be due to the
decreasing proportion of rectal cancer among all CRC, we
limited our further analysis to data for the colon alone. It also
concluded that there was an actual increase in right-sided
cancer. So the proximal shift may be a reason for the increased
ratio of colon cancer to rectal cancer as mentioned before.
There may be several potential causes for the rightward
shift in CRC. The proximal and distal colon has different
embryologic origins, morphology, physiology, and function[35].
Cecum, ascending colon, and proximal two-thirds of the
transverse colon derives from the midgut, whereas the
segment comprising the splenic flexure to the upper anal
canal derives from the hindgut. The distinct embryologic
origins of each segment are reflected in the dual blood
supply of the normal colon. The proximal colon is primarily
involved with water absorption and solidification of fecal
contents, but the distal colon functions primarily for storage[19].
The metabolic pathways such as that of glucose, butyrate,
and polyamines are also different. It has therefore been
hypothesized that proximal and distal colons are two different
organs[36]. It may mean differences in differential sensitivities
and exposures to carcinogens for the proximal and distal
sections of colon and rectum.
The colon cancer is associated with genetic factors. Some
studies reported that high-frequency microsatellite instability
was significantly associated with tumors occurring in the
proximal colon[37,38]. Also Gervaz showed that distal colon
cancer were more likely to express a nonfunctional p53
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protein and a p53 gene mutation than proximal tumors[31].
In the future, such genetic variations by cancer site may
provide more clues to understanding the reasons of rightward
shift of CRC.
The fecal occult blood test, digital examination of rectum,
rigid and flexible sigmoidoscopy, barium enema X-ray as
well as colonoscopy are particularly geared toward the
diagnosis and screening of colorectal cancer. In 1980s, the
colonoscopy was not popular in China especially in the
suburban. So the rectal and sigmoid cancers are inclined to
be found and diagnosed. Following the increased use of
colonoscopy, more and more was the detection of proximal
lesions with the observed time trends in 1990s. Although
sigmoidoscope has been proven as an effective tool for
screening against colorectal cancer[39,40] and detects almost
80% CRC in China, it has the limitation that it would miss
the proximal cancer for 20%. Accompanying the continuing
rightward shift, the miss rate (meaning the ratio of miss out
diagnosis cases to all CRC patients) may rise, especially on
symptomatic patients. The miss rate may even be higher
when one takes into account that approximately 25% of all
patients who underwent sigmoidoscopy, the entire sigmoid
is not adequately visualized[41]. So the use of barium enema
X-rays and total colonoscopy appears more appropriate for
symptomatic patients, especially elderly people and women.
There are some other theories to explain the rightward
shift of CRC. Gonzalez[14] considered that five co-morbid
conditions were associated with a greater likelihood of
proximal lesions: congestive heart failure, cerebrovascular
disease, chronic pulmonary disease, ulcer disease, and
diabetes mellitus. West et al.[42], demonstrated that a high-fat
diet increased the risk for proximal colon cancer, whereas a
high-protein diet increases the risk for distal neoplasm.
Screening seems attractive because of the difference
in prognosis between early and late stage of CRC. During
20 years, China has developed the screening system. So the
Dukes’ D stage CRC has shrinked significantly and Dukes’
B has been the main part of all cases.
Finally, our data indicated that the proportion of
adenocarcinoma increased, correspondingly, mucinous
adenocarcinoma decreased. The reasons for it needs further
study.
Future studies should examine the subsites of CRC to
clarify further analytical epidemiological findings,
carcinogenic mechanisms, various risk factors, and
prognosis to reduce the mortality.

REFERENCES
1

2

3
4

5

Pisani P, Parkin DM, Bray F, Ferlay J. Erratum: Estimates of
the worldwide mortality from 25 cancers in 1990. Int J Cancer
1999; 83: 18-29
Bourt RW, DiSario JA, Cannon-Albright L. Genetics of colon
cancer: impact of inheritance on colon cancer risk. Annu Rev
Med 1995; 46: 371-379
Greenlee RT, Hill-Harmon MB, Murray T, Thun M. Cancer
statistics 2001. CA Cancer J Clin 2001; 51: 15-36
Zheng S. Recent study on colorectal cancer in China: early
detection and novel related gene. Chin Med J 1997; 110:
309-310
Statistic bulletin on the development of Chinese health service
2001. The information center on health statistics of Ministry
of Health P.R China. 2002, 4 Beijing

4688
6
7

8

9

10

11
12
13
14

15

16

17

18

19

20

21

22

23

24
25

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Lev R. The National Cancer Data Base report on colorectal
cancer. Cancer 1995; 76: 538-539
Coleman MP, Esteve J, Damiecki P, Arslan A, Renard H.
Trends in cancer incidence and mortality. IARC Sci Publ
1993; 121: 1-806
Parkin DM, Muir CS. Cancer incidence in the Five Continents.
Comparability and quality of data. IARC Sci Publ 1992; 120:
45-173
Lands WE, Hamazaki T, Yamazaki K, Okuyama H, Sakai K,
Goto Y, Hubbard VS. Changing dietary patterns. Am J Clin
Nutr 1990; 51: 991-993
Kotake K, Koyama Y, Nasu J, Fukutomi T, Yamaguchi N.
Relation of family history of cancer and environmental factors to the risk of colorectal cancer: a case-control study. Jpn
J Clin Oncol 1995; 25: 195-202
Levin KE, Dozois RR. Epidemiology of large bowel cancer.
World J Surg 1991; 15: 562-567
Wilmink AB. Overview of the epidemiology of colorectal
cancer. Dis Colon Rectum 1997; 40: 483-493
Trends in colorectal cancer incidence-United States, 1973-1986.
MMWR 1989; 38: 728
Gonzalez EC, Roetzheim RG, Ferrante JM, Campbell R. Predictors of proximal vs. distal colorectal cancers. Dis Colon
Rectum 2001; 44: 251-258
Hebert-Croteau N. A meta-analysis of hormone replacement
therapy and colon cancer in women. Cancer Epidemiol Biomarkers
Prev 1998; 7: 653-659
Paganini-Hill A. Estrogen replacement therapy and
colorectal cancer risk in elderly women. Dis Colon Rectum
1999; 42: 1300-1305
Fleshner P, Slater G, Aufses AH Jr. Age and sex distribution
of patients with colorectal cancer. Dis Colon Rectum 1989; 32:
107-111
Waterhouse JA, Muir CS, Shanmugaratnam K, Powell J.
IARC Scientific Publication No42. International Agency for
Research on Cancer: Lyon, 1982
Devesa SS, Chow WH. Variation in colorectal cancer incidence in the United States by subsite of origin. Cancer 1993;
71: 3819-3826
Koyama Y, Kotake K. Overview of colorectal cancer in Japan:
report from the Registry of the Japanese Society for Cancer of
the Colon and Rectum. Dis Colon Rectum 1997; 40 (10 Suppl):
S2-9
Levi F, Randimbison L, La Vecchia C. Trends in subsite distribution of colorectal cancers and polyps from the Vaud
Cancer Registry. Cancer 1993; 72: 46-50
Dubrow R, Bernstein J, Holford TR. Age-period-cohort modeling of large-bowel-cancer incidence by anatomic subsite and
sex in Connecticut. Int J Cancer 1993; 53: 907-913
Kee F, Wilson RH, Gilliland R, Sloan JM, Rowlands BJ,
Moorehead RJ. Changing site distribution of colorectal cancer.
BMJ 1992; 305: 158
Jass JR. Subsite distribution and incidence of colorectal cancer
in New Zealand, 1974-1983. Dis Colon Rectum 1991; 34: 56-59
Axtell LM, Chiazze L Jr. Changing relative frequency of cancers of the colon and rectum in the United States. Cancer 1966;
19: 750-754

26
27
28

29
30

31

32
33

34

35

36
37

38

39

40

41

42

August 14, 2005 Volume 11 Number 30

Rhodes JB, Holmes FF, Clark GM. Changing distribution of
primary cancers in the large bowel. JAMA 1977; 238: 1641-1643
Mamazza J, Gordon PH. The changing distribution of large
intestinal cancer. Dis Colon Rectum 1982; 25: 558-562
Beart RW, Melton LJ 3rd, Maruta M, Dockerty MB, Frydenberg
HB, O’Fallon WM. Trends in right and left sided colon cancer.
Dis Colon Rectum 1983; 26: 393-398
Schub R, Steinheber FU. Rightward shift of colon cancer. A
feature of the aging gut. J Clin Gastroenterol 1986; 8: 630-634
Demers RY, Severson RK, Schottenfeld D, Lazar I. Incidence
of colorectal adenocarcinoma by anatomic subsite. An epidemiologic study of time trends and racial differences in the
Detroit, Michigan area. Cancer 1997; 79: 441-447
Gervaz P, Bouzourene H, Cerottini JP, Chaubert P, Benhattar
J, Secic M, Wexner S, Givel JC, Belin B. Dukes B colorectal
cancer: distinct genetic categories and clinical outcome based
on proximal or distal tumor location. Dis Colon Rectum 2001;
44: 364-372
Cucino C, Buchner AM, Sonnenberg A. Continued rightward
shift of colorectal cancer. Dis Colon Rectum 2002; 45: 1035-1040
Mensink PB, Kolkman JJ, Van Baarlen JV, Kleibeuker JH.
Change in anatomic distribution and incidence of colorectal
carcinoma over a period of 15 years. Dis Colon Rectum 2002;
45: 1393-1396
Takada H, Ohsawa T, Iwamoto S, Yoshida R, Nakano M,
Imada S, Yoshioka K, Okuno M, Masuya Y, Hasegawa K,
Kamano N, Hioki K, Muto T, Koyama Y. Changing site distribution of colorectal cancer in Japan. Dis Colon Rectum 2002;
45: 1249-1254
Bufill JA. Colorectal cancer: evidence for distinct genetic
categories based on proximal or distal tumor location. Ann
Intern Med 1990; 113: 779-788
Distler P, Holt PR. Are right- and left- sided neoplasms distinct tumors? Dig Dis 1997; 15: 302-311
Kim H, Jen J, Vogelstein B, Hamilton SR. Clinical and pathological characteristics of sporadic colorectal carcinomas with
DNA replication errors in microsatellite sequences. Am J Pathol
1994; 145: 148-156
Thibodeau SN, French AJ, Cunningham JM, Tester D, Burgart
LJ, Roche PC, McDonnell SK, Schaid DJ, Vockley CW, Michels
VV, Farr GH Jr, O’Connell MJ. Microsatellite instability in
colorectal cancer: different mutator phenotypes and the principal involvement of hMLH1. Cancer Res 1998; 58: 1713-1718
Newcomb PA, Norfleet RG, Storer BE, Surawicz TS, Marcus
PM. Screening sigmoidoscopy and colorectal cancer mortality.
J Natl Cancer Inst 1992; 84: 1572-1575
Selby JV, Friedman GD, Quesenberry CP Jr, Weiss NS. A
case-control study of screening sigmoidoscopy and mortality
from colorectal cancer. N Engl J Med 1992; 326: 653-657
Painter J, Saunders DB, Bell GD, Williams CB, Pitt R, Bladen
J. Depth of insertion at flexible sigmoidoscopy: implications
for colorectal cancer screening and instrument design. Endoscopy 1999; 31: 227-231
West DW, Slattery ML, Robison LM, Schuman KL, Ford MH,
Mahoney AW, Lyon JL, Sorensen AW. Dietary intake and
colon cancer: sex- and anatomic site-specific associations.
Am J Epidemiol 1989; 130: 883-894

Science Editor Wang XL and Guo SY Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(30):4689-4692
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• COLORECTAL CANCER •

Expression of a novel apoptosis inhibitor-survivin in colorectal
carcinoma
Hai-Yan Tan, Jun Liu, Shan-Min Wu, He-Sheng Luo
Hai-Yan Tan, Shan-Min Wu, Department of General surgery,
Renmin Hospital of Wuhan University, Wuhan 430060, Hubei
Province, China
Jun Liu, He-Sheng Luo, Department of Gastroenterology, Renmin
Hospital of Wuhan University, Wuhan 430060, Hubei Province, China
Correspondence to: Dr. Hai-Yan Tan, Department of General
Surgery, Renmin Hospital of Wuhan University, Jiefang Road
No. 238, Wuhan 4300 60, Hubei Province,
China. liu9861jun@yahoo.com.cn
Telephone: +86-27-88054316
Received: 2004-08-30 Accepted: 2004-11-04

Abstract
AIM: To investigate the role of survivin expression in the
pathogenesis of colorectal carcinoma.
METHODS: Immunohistochemistry S-P method and
terminal deoxynucleotidyl transferase-mediated dUTP nick
end labeling (TUNEL) were used to detect the expression
of survivin and apoptotic cell in situ in colorectal cancerous
tissues, para-cancerous tissues and normal tissues of 48
cases of colorectal carcinoma.
RESULTS: The survivin positive unit (PU) was higher in
cancerous tissues (38.76±5.14) than in para-cancerous
(25.17±7.26) or normal tissues (0.57±0.03) (P<0.05).
The apoptosis index (AI) of para-cancerous tissues was
(7.51±2.63%) higher than cancerous tissues (4.65±1.76%).
The expression of survivin was associated with pathological
grade, lymph node metastasis and Dukes stage of
colorectal carcinoma.
CONCLUSION: Survivin expression may play an important
role in carcinogenesis of colorectal carcinoma and may
be associated with malignant biological behaviors of
colorectal carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Survivin is a new member of inhibitors of apoptosis proteins
(IAP) gene family that has been found recently. The survivin

gene lies in the 17q25 of human chromosome with unique
structure and characteristics, coding a 16.5 KD protein[1].
Survivin protein contains only one BIR (baculovirus IAP
repeat) domain and does not have the zinc-binding fold
terminated with carboxyl. Furthermore, under normal
circumstances survivin is expressed in embryonic and fetal
tissues, but completely downregulated in normal adult tissues.
Interestingly, this protein is found to be prominently
reexpressed in a variety of human malignant transformation
cell lines and tumorous tissues[2,3]. And its unique structure
and biological function have interested so many scholars
during their researches on the molecular biology of tumors.
Colorectal carcinoma has a high incidence in China. The
deficiency of cell apoptosis plays an important role in the
pathogenesis of this carcinoma. It is still uncertain about
the role of survivin expression in colorectal carcinoma. In
the present study, the expression of survivin and cell
apoptosis were detected. The correlation between survivin
expression and cell apoptosis and the role of survivin in the
pathogenesis of colorectal carcinoma were also investigated.

MA
TERIALS AND METHODS
MATERIALS
Study materials
Forty-eight cases of colorectal carcinoma who received
rectetomy were obtained from the Department of General
Surgery, Renmin Hospital of Wuhan University. Twenty-six
of them were male and 22 female. The mean age was
55.8 years ranged from 37 to 75 years. All the cases did not
receive radiation treatment or chemotherapy before surgery
and had been diagnosed by two doctors at the department
of pathology. Three pieces of tissues were taken respectively
from cancerous tissues, para-cancerous tissues (5 cm away
from cancerous tissues) and normal tissues (10 cm away
from cancerous tissues). All the specimens were fixed in
10% neutral-buffered formalin, dehydrated in ascending
series of ethanol and routinely embedded in paraplast.
Sections were cut at 4 µm, stained with hematoxylin and
eosin for histopathological and immunohistochemical
evaluation as well as TUNEL. The clinicopathological
parameters are summarized in Table 1.
Immunohistochemical analysis
All the specimens were incubated in 3% hydrogen peroxide
for 15 min to inactivate the endogenous peroxidase and
then heated in 0.01 mol/L citrate buffer for antigen retrieval
through 12 min microwave pre-treatment. Incubated with
10% goat serum, all the specimens were subsequently reacted
with rabbit-anti-human survivin polyclonal antibody
overnight.
(Neomarkers, USA, 1:1 000 dilution) at 4
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Table 1 Relationship between survivin PU and pathological parameter
in 48 cases with colorectal carcinoma (mean±SD)
Subjects

Clinical pathological index

n

Survivin PU

P

Gender

Male
Female
<55
55
<3 cm
3 cm
High and intermedium
differentiated
Cannular adenocarcinoma
Low differentiated tubular
adenocarcinoma
Other types
Negative
Positive
A
B
C
D

26
22
14
34
14
34
24

42.95±16.87
30.96±16.06
36.95±19.86
38.96±15.37
36.15±16.29
38.28±18.16
33.16±14.28

P>0.05

10

51.93±20.89

14
26
22
16
4
10
14

35.61±17.22
30.12±13.33 P<0.05
56.21±11.95
20.16±5.16
P<0.05
24.85±3.12 A/B Stage
45.13±10.21
VS
59.66±10.21 C/D stage

Age (yr)
Tumor
Diameter
Pathological
Grade

Lymph node
Dukes stage

P>0.05
P>0.05
P<0.05
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form of sheets (Figure 1A). Survivin PU was rarely expressed
in normal large intestinal mucosa (Figure 1B). Quantitative
analysis of immunohistochemistry is summarized in Table 2.
The apoptotic cells were distributed sporadically or in clusters
with brownish yellow nuclei. apoptotic cells were found to
be rare and weak stained in normal large intestinal mucosa,
most of which were located in epithelium (Figure 2A),
but scattered sporadically in cancerous (Figure 2B) and
para-cancerous tissues. Survivin PU in cancerous tissues
38.76±5.14 was significantly higher than in para-cancerous
25.17±7.26 and normal tissues 0.57±0.03 (P<0.05). And the
AI in para-cancerous tissues, (7.51±2.63)% was significantly
higher than in cancerous tissues, (4.65±1.76)%(P = 0.0075).

A

Immunohistological staining was performed according to
SP detection kit.
TUNEL staining
Apoptotic cells were detected, according to the procedure
recommended by in situ cell apoptosis detection kit
(Boehringer Mannheim Company, Germany).
Evaluation criteria
Immunohistochemical quantitative evaluation All the
analyses were performed using the HIPAS-2000 computer
image analysis system (produced by Tongji Qianping Image
Engineering Company) Images were captured at ×400
magnification by micrographic system . Image analysis system
separated staining positive area from background. Then the
gray level units as well as areas of positive staining and
background could be measured. According to Shen’s
method, positive unit represents the relative concentration
of positive staining[4]. Each section was observed randomly
at five areas and the mean PU was calculated.
Evaluation criteria for cell apoptosis
The apoptotic cells were located sporadically with nuclei
stained yellow or brownish yellow. A mean percentage of
positive cells among 500 cells was determined in five areas
at ×400 magnification. The results could be recorded as
apoptosis index (AI).

B

Figure 1 Expression of survivin in colorectal cancerous and normal tissues by
S-P method. (x400). A: colorectal cancerous tissues; B: normal colorectal tissues.

Table 2 The comparison of survivin PU and AI in cancerous,
paracancerous and normal tissues (mean±SD)
Subjects

Cancerous
tissues

Paracancerous
tissues

Survivin PU
AI (%)

38.76±5.14
4.65±1.76

25.17±7.26a
7.51±2.63

Normal
tissues

P

0.57±0.03a
1.75±0.49

P
P

a

Statistical analysis
All analyses were performed with t test and ANOVA using
SPSS 9.0 software (Statistical Package for Social Science).
P values<0.05 were considered to indicate statistical significance.

RESUL
TS
RESULTS
Survivin PU and apoptosis index of cancerous, paracancerous
and normal tissues
Survivin PU were mainly in the cytoplasm of para-cancerous
or cancer cells. The nuclei could be stained equally light
yellow or brownish yellow, located sporadically or in the

P<0.05, Survivin PU of cancerous tissue vs paracancerous or normal tissue;
P = 0.0075, AI of paracancerous tissue vs cancerous tissue.

Relationship between survivin PU and clinicopathological
parameters
Survivin PU was not correlated with sex, age and tumor
diameter of patients, but correlated with pathological grade,
lymph node and Dukes stage. Survivin PU in cancerous
tissues with low differentiation, lymph node positive and
Dukes C/D stage was higher than in cancerous tissues
with high differentiation, lymph node negative, and Dukes
A/B stage.

Tan HY et al. Colorectal carcinoma

A

B

Figure 2 Apoptotic cells in normal colorectal epithelial and cancerous tissues
by TUNEL method. (x400). A: normal colorectal epithelial tissues; B: colorectal
epithelial tissues.

DISCUSSION
According to recent clinical and statistical data, there was a
gradually increasing incidence in colorectal carcinoma.
carcinogenesis can be regarded as a complex process with
multi-gene participation and multi-steps. As we all know,
most colorectal carcinomas originate from adenoma.
Abnormalities in the control of programmed cell death
(apoptosis) play an important role in the pathogenesis of
colorectal carcinoma during the process from adenoma to
cancer. It has been proved that the genes closely related
with the control of colorectal cell apoptosis include bcl-2,
c-myc, p53 and IAP gene family. So the research and
application of those apoptosis-related genes is of great
importance in the diagnosis, treatment and prognosis
judgement of colorectal carcinoma.
Survivin is a new member of IAP gene family, which
was obtained by Altieri in Yale University through
hybridization and filtration of human genome [5]. It can
combine with microtubules of mitotic spindle,and through
interaction with caspases it can inhibit cell apoptosis[6]. Survivin
affects various terminal effect factors and might be one of
the strongest apoptosis inhibitory factors till now. This
research using immunohistochemical staining showed that
survivin was very weak in normal epithelial cells and partially
expressed in para-cancerous tissues. But positive cells in
para-cancerous tissues were less than in cancerous tissues
with a weaker staining, suggesting that survivin expression
could be an early event during the pathogenesis of colorectal
carcinoma. This is in accordance with the researches on
pancreatic and hepatocellular cancers. Evidence showed that
survivin could be expressed in early stage of pancreatic
cancer or prec-ancerous lesions[6,7]. Sarela found survivin
mRNA mainly existed in survivin positive cancerous tissues,
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but hardly in survivin negative cancerous tissues[8]. Thus, it
is proposed that, survivin is an oncogene, and also a marker
with great potential for tumor diagnosis. Survivin antibody
could also be taken as a common marker for early diagnosis
of colorectal carcinoma[9,10].
This research proved that survivin PU had no significant
correlation with sex, age, and tumor diameter, but correlated
with differentiation stage, lymph node and Dukes stage of
colorectal carcinoma. Survivin PU in cancerous tissues with
low differentiation, lymph node positive and Dukes C/D
stage was higher than in cancerous tissues with high
differentiation, lymph node negative and Dukes A/B stage.
It indicated that survivin PU was related with malignant
biological behaviors. Its continuous expression might be
associated with the development of malignant tumor.
Researches on gastric carcinoma, lung cancer, breast cancer
revealed that survivin PU was not only correlated with
malignant biological behaviors such as invasion, metastasis,
etc, but also correlated with recurrence, reduced survival
time after surgery. It might be taken as an independent
index for judging the prognosis[11-13]. Therefore, survivin is
of great value for diagnosis and prognosis judgement of
malignant tumors.
Survivin has the feature of selective expression in
various malignant tumors, which might be essential for
carcinogenesis of those tumors. But the mechanism for
survivin to contribute to carcinogenesis of tumors is not
clear yet. It is probably involved in cell apoptosis,
proliferation, etc.[14]. Our research showed that the apoptotic
cells mainly located in epithelium of normal large intestinal
mucosa, but distributed sporadically in cancerous and
para-cancerous tissues. AI of paracancerous tissues was
higher than cancerous tissues, indicating that survivin
could inhibit apoptosis of colorectal carcinoma cells. This
might be regarded as part of mechanisms for its participation
in carcinogenesis of colorectal carcinoma. But the precise
pathway for survivin to inhibit apoptosis still needs further
investigation. According to the present study, survivin had
various pathways to inhibit apoptosis, which could also be
found in other malignant tumors [15] . It might play an
important role in the carcinogenesis of various tumors.
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Abstract
AIM: To elucidate the relationship between the frequency
of core mutations and the clinical activity of hepatitis B
virus (HBV)-related liver disease and to characterize the
amino acid changes in the core region of HBV.
METHODS: We studied 17 Chinese patients with chronic
hepatitis B according to their clinical courses and patterns
of the entire core region of HBV.
RESULTS: Amino acid changes often appeared in the HBV
core region of the HBV gene in patients with high values of
alanine aminotransferase (ALT) or with the seroconversion
from HbeAg to anti-HBe. The HBV core region with amino
acid changes had high frequency sites that corresponded
to HLA I/II restricted recognition epitopes reported by
some investigators.
CONCLUSION: The core amino acid changes of this study
occur due to influence of host immune system. The presence of
mutations in the HBV core region seems to be important for
predicting the clinical activity of hepatitis B in Chinese patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Individuals infected with hepatitis B virus (HBV) may
display asymptomatic, acute, fulminant, or chronic
hepatitis. Previous studies have sug gested that liver
disorders due to HBV are immune-mediated and that
hepatitis B envelope antigen (HBeAg) and hepatitis B core
antigen (HBcAg) could be immunological targets [1-3] .
Furthermore, several antigenic regions have been identified
in the HBV core region using recombinant antigens or
synthetic peptides. Some reports have revealed that amino
acids (aa) 78-83 and aa 127-133 are exposed on the surface
of HBcAg[4,5]. Others have also reported that aa 120-140
are related to the recognition of helper T-cells, and forms
of the HBV core and e antigens influence cytokine release
in mouse models[6-8]. Thus, liver disorder in hepatitis B is
influenced by the host immune system, which attacks core
peptides as the main target. Given this, the pattern of
amino acid changes in the HBV core region might predict
the clinical course according to the level of serum ALT
(sALT) values and the presence of HBeAg. In other words,
mutations in the HBV core region may help to predict
the outcome of liver disorders. To identify one cause of
hepatitis B activity, we analyzed the HBV core sequence
and the frequency of core mutations.
MA
TERIALS AND METHODS
MATERIALS
Patients
Serum samples were taken from 17 Chinese patients, who
were consistently positive for hepatitis B surface antigen
(HBsAg). HBsAg and anti-hepatitis B surface antibody
(HBaAb) were determined by immunoassay, while HbeAg,
anti-hepatitis B envelope antibody (HBeAb), and HBcAb
were determined by passive hemagglutination (PHA) assay.
Patients were first divided according to the presence of
HBeAg into positive (eAg-Po) and negative (eAg-Ne) groups,
and then divided, according to the sALT values measured
twice or thrice a year into high activity (HA) and low activity
(LA) groups. The HA group had sALT over 100 IU/L at least
once a year and the LA group had sALT consistently below
100 IU/L. This study was approved by the ethics committee
and informed consent was obtained from all patients.
Extraction and amplification of HBV DNA by polymerase chain
reaction (PCR)
HBV DNA was extracted from 100 µL of serum. In brief,
after the serum samples were diluted to 400 µL with distilled
water, the DNA was extracted with 1 mL of phenol/
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chloroform (1/1:v/v) and precipitated with 1/10 volume
of 3 mol/L sodium acetate and 2 volumes of 100% ethanol.
The precipitates were dried under vacuum and dissolved
with 20 µL of Tris-HCL and EDTA buffer (pH 7.4). PCR
was performed to amplify a 609-bp DNA fragment using
specific primers ( the 1st PCR primers : sense primer H: 5’GGGAGGAGATTAGGTTA-3’, anti-sense primer I:
5’-GTACAGTAGAAGAATAAAG C-3’; /the 2nd PCR
primers : sense primer D: 5’-CAAGCCTCCAAGCTGTGCCT-3’, anti-sense primer F: 5’-ACCTTATG AGTCCAAGGGAT-3’) corresponding to the outside of the core
region in the HBV genome. A reaction mixture containing
50 mmol/L KCl, 10 mmol/L Tris-HCl (pH 8.0), 2.5 mmol/L
MgCl2, 1 µmol/L each of the two primers, 200 µmol/L
dNTP, 200 µg/mL gelatin, and 5 U of Taq DNA polymerase
(Amersham Life Science, Cleveland, OH, USA) was added into
a 200-µL tube containing 10 µL DNA solution. Amplification
was performed for 35 cycles as follows: denaturation at 94
for 1 min, annealing at 58
for 1 min, extension at 72
for 2 min. In the last cycle, incubation at 72 was continued
for 10 min to complete the extension. Electrophoresis of
10-µL aliquots of PCR products was performed on a 3.5 %
agarose gel subsequently stained with ethidium bromide.
To avoid contamination, we performed amplification under
the stringent conditions recommended by Kwok and Higuchi,
with one positive and one negative control for each sample[9].

HA group (50%) was greater than that in LA group (28.6%).
More eAg-Po members were found in the HA group than
in the LA group.
Mutation at HBV core region
The DNA sequences in the HBV core region samples from
17 patients were analyzed and compared to the adr subtype
(Figures 1A and B). Figure 1A shows the HBV core regions in
the eAg-Po and eAg-Ne groups, whereas Figure 1B shows those
in the HA and LA groups. As shown in Figures 1A and B,
many amino acid changes were detected in the HBV core
regions of the eAg-Ne group and the HA group. The frequency
of DNA mutations and the amino acid changes in the HBV
core region are summarized in Table 1. No significant difference
was found in the number of DNA mutations between the
LA and HA groups, whereas the number of DNA mutations
in the eAg-Ne group tended to be higher than that in the
eAg-Po group (P = 0.06). The number of amino acid changes
in the HA group was significantly greater than that in the
LA group (P<0.05). The number of amino acid changes in
the eAg-Ne group was also significantly greater than that in
the eAg-Po group (P<0.05).

Table 1 Comparison of DNA mutation number and amino acid changes
(mean±SD)
Group

Cloning and DNA sequencing
After the primers were removed from the amplification products
by the commercial product SUPREC-02™ (TAKARA,
Otsu, Japan), the products were ligated to pT7BlueT vectors
(Novagen Inc., WI, USA). The ligated phagemid vector was
transfected into competent JM109 cells (Toyobo, Osaka,
Japan). Several independent colonies were examined to find
appropriate clones from PCR using D and F primers. At
least three clones for each case were subjected to 2 mL of
liquid culture and small-scale preparation of phagemid DNA.
Each clone was reacted with the DyeDeoxy™ terminator
cycle sequencing kit and sequenced with a DNA sequencing
system (Model 373A, Perkin Elmer, Urayasu, Japan), and
the consensus sequences were adopted. The amino acid
(aa) sequences deduced from the DNA consensus sequences
in the HBV core region were compared to the wild type,
subtype adr[10] for all subjects.
Statistical analysis
Data values were presented as mean±SD. Statistical studies
were achieved by Fisher’s exact probability test and unpaired
Student’s t-test or Welch’s t-test. P<0.05 was considered
statistically significant.

RESUL
TS
RESULTS
Clinical and laboratory data on 17 patients with chronic
hepatitis B
Of the 17 patients in the study, 7 were in the eAg-Po group
and 10 were in the eAg-Ne group. Similarly, 10 were in the
HA group and 7 were in the LA group. The percentage of
HBeAg/anti-HBe seroconversion was 80% in the HA group
and 28.6% in the LA group. The percentage of females in

August 14, 2005 Volume 11 Number 30

eAg-Po (n = 7)
eAg-Ne (n = 10)
HA (n = 10)
LA (n = 7)

DNA mutations
8.9±3.7
13.7±5.4
12.8±5.8
10.1±41

Amino acid changes
0.9±0.9
5.0±2.4b
4.3±2.6a
1.7±2.1

a

P<0.05 eAg-Po group, bP<0.001 vs LA group.

Hot mutation spots of amino acid changes in HBV core region
As shown in Figures 1A and B, unique amino acid changes
were detected in 30 of the 183 residues of the HBV core
region. Of these 30 residues, six had an especially high
mutation rate (more than 30%). The amino acid changes
included replacements. Proline (Pro)-5 was replaced by
threonine (Thr)-5, valine (Val)-5, and histidine (His)-5. Serine
(Ser)-87 was replaced by glycine (Gly)-87 and asparagine
(Asn)-87. Isoleucine (Ile)-97 was replaced by leucine (Leu)97. Pro-130 was replaced by glutamine (Gln)-130 and Thr130. Pro-135 was replaced by Gln-135 and Gly-153 was
replaced by cysteine (Cys)-153.

DISCUSSION
Several virus factors and host factors have been reported
to affect the activity of chronic hepatitis B[11-14]. In this study,
we analyzed Chinese patients with chronic hepatitis B
according to the level of sALT values and the presence of
HbeAg, and then investigated the entire core region of HBV
to characterize the amino acid changes in this region and to
elucidate the relationship between the frequency of core
mutations and the clinical activity of HBV-related liver
diseases. We found that many amino acid changes in the
HBV core region occurred in the HBV DNA of patients
with high sALT values and with the seroconversion from
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a

d

4695
b

A

g

e

eAg-Po
group

eAg-Ne
group
h

f

c

eAg-Po
group

eAg-Ne
group

eAg-Po
group

eAg-Ne
group

B

a

d

g

b

e

HA
group

LA
group
h

c

f

HA
group

LA
group

HA
group

LA
group

Figure 1 Comparison of core amino acid sequences between eAg-Po and
eAg-Ne groups. (A) and between HA and LA groups (B). The top line is the core
amino acid sequence of the HBV adr subtype. Core amino acid sequences of
the HA group are C-1, C-2, C-3, C-11, C-16, C-22, C-29, C-35, C-36, and C39, and those of the LA group are C-4, C-6, C-8, C-9, C-13, C-17, and C-21,

Each dot denotes an identical match to the top sequence. An asterisk denotes
that this codon is a stop codon. a,b,c are HLA class II-restricted T cell recognition
sites. d, e, f are HLA class I-restricted CTL epitopes. g, h are the lesion exposed
at the surface of HBcAg.
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HBeAg to anti-HBe. Increased activity of hepatitis and
decreased time of seroconversion from HBeAg to antiHBe may be attributed to increased immunological attacks
against the HBV core region. Indeed, it has been reported
that both B and T lymphocytes [helper T lymphocytes and
cytotoxic T lymphocytes (CTL)] recognize core peptides.
Some studies have reported that aa 78-83 and aa 127-133
are exposed on the surface of HBcAg[4,5]. Penna et al.[15],
and Ferrari et al.[16], have identified three major HLA class
II-restricted T cell recognition sites within HBcAg: aa 1-20,
aa 50-69, and aa 117-131. Furthermore, it has been reported
that the HLA-A2.1-restricted CTL epitope is mapped to aa
18-27, HLA-A31- and HLA-AW68-restricted-CTLs
recognize aa 141-151 [17], and HLA-A11-restricted-CTLs
including HLA-A11 binding motifs recognize aa 88-96[18].
To our surprise, these recognition epitopes correspond to
the HBV core region involving the most sites of amino
acid changes, suggesting that the amino acid changes are
not randomly distributed, but selectively generated. From
these data, we can also suggest that core amino changes are
influenced by the host immune system. Regarding the
mechanism of the relationship between virus mutations and
host immunity, it has been recently reported that amino
acid changes in epitopes of T and B lymphocytes in the
HBV core region may markedly influence T lymphocyte
function or subsequent cytokine release. Therefore, we
speculate that such amino acid changes affect the viral
antigenicity against the host immunity and may be associated
with the clinical severity of hepatitis. This study suggests
that the frequency of core mutations may be associated
with the severity of hepatitis and the HBV seroconversion
from HBeAg to anti-HBe. On the other hand, we could
not find any difference in the HBV core protein among
several HBV viruses. To differentiate HBV among groups,
it may be necessary to examine not only various HBV
proteins including surface protein and polymerase protein,
but also the type of HLA in the host. Further investigation
is needed regarding other causes of activity in chronic
hepatitis B.
We conclude that identifying mutations in the HBV core
region is important for predicting the clinical course of
hepatitis B.
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Abstract
AIM: To assess the extent of micronutrient and oxidative
stress in blood and to examine their linkages with viral
loads in chronic hepatitis C patients.
METHODS: Hepatitis C virus (HCV)-RNA levels were
quantified in the serum from 37 previously untreated
patients with chronic hepatitis C. The plasma and
erythrocyte micronutrients (zinc, selenium, copper, and
iron) were estimated, and malondialdehyde (MDA)
contents were determined as a marker to detect oxidative
stress. Antioxidant enzymes, superoxide dismutase (SOD),
glutathione peroxidase (GPX) and glutathione reductase
(GR) activities in blood were also measured. The control
group contained 31 healthy volunteers.
RESULTS: The contents of zinc (Zn), and selenium (Se)
in plasma and erythrocytes were significantly lower in
hepatitis C patients than in the controls. On the contrary,
copper (Cu) levels were significantly higher. Furthermore,
plasma and erythrocyte MDA levels, and the SOD and GR
activities in erythrocytes significantly increased in hepatitis
C patients compared to the controls. However, the plasma
GPX activity in patients was markedly lower. Plasma Se
(r = -0.730, P<0.05), Cu (r = 0.635), and GPX (r = -0.675)
demonstrated correlations with HCV-RNA loads. Significant
correlation coefficients were also observed between
HCV-RNA levels and erythrocyte Zn (r = -0.403), Se
(r = -0.544), Cu (r = 0.701) and MDA (r = 0.629) and GR
(r = 0.441).

CONCLUSION: The levels of Zn, Se, Cu, and oxidative
stress (MDA), as well as related anti-oxidative enzymes
(GR and GPX) in blood have important impact on the viral
factors in chronic hepatitis C. The distribution of these
parameters might be significant biomarkers for HCV.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Essential micronutrients are involved in many metabolic
pathways in the liver, such as enzymatic functions and
protein synthesis, oxidative damage and anti-oxidant defense,
immunological competence, interferon therapy response
regulations, and alterations of the virus genomes[1-5]. Reactive
oxygen species (ROS) have also been implicated in a number
of hepatic pathologies in exacerbating liver diseases[6-10]. The
oxidant production associated with immune reactions against
viral hepatitis leads to the formation of hepatocellular
carcinoma (HCC)[8]. Therefore, the changes in micronutrients
and their demolishing effects against oxidative stress are
factors for viral hepatitis pathogenesis.
HCV is a major cause of chronic liver disease. HCV
infection frequently leads to chronic hepatitis with increasing
risk of developing liver cirrhosis and HCC. Interferon with
or without ribavirin is the only drug with proven efficacy in
treating chronic HCV infections[11-13]. Unfortunately, these
therapeutic models maintain the rate of sustained virologic
response (SVR) to approximately 10-40%[14-16]. The effective
advancement in the antiviral treatments against chronic
hepatitis C is necessary.
There are several factors that attribute to the failure in
achieving a SVR for the majority of patients[17-19]. Hepatic
iron deposit has been identified as one of these factors[20-23].
Iron depletion and zinc supplementation[24,25] may improve
the response of chronic hepatitis C patients to interferon
treatment. Moreover, viral factors may affect the outcome
of the therapy. Zhang et al.[26], indicated that seleniumdependent glutathione peroxidase (GPX) modules are
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encoded in the RNA viruses. The presence of zinc ion also
decreases the HIV-1 reverse transcriptase activity[27]. It is
conceivable that the micronutrient status may affect the
HCV load and viral replication, leading to significant changes
in reported SVR rates. However, there is limited information
about the distribution of micronutrients and their effects
on viral production.
Our present study aimed to examine the levels of
micronutrients (zinc, copper, iron, selenium), and malondialdehyde (MDA) which is an indirect marker for oxidative
stress in blood. Moreover, superoxide dismutase (SOD),
glutathione reductase (GR) and GPX activities were assessed.
In addition, the relationships among these parameters and
HCV-RNA levels in patients with chronic hepatitis C were
investigated.

MA
TERIALS AND METHODS
MATERIALS
Subjects
This study contained 33 patients with chronic hepatitis C
including 20 men and 13 women (from 2002 to 2003). The
mean age of the patients was 49.5±2.4 years. All patients
underwent serological and biochemical analyses. Diagnosis
of chronic hepatitis C was based on elevated serum alanine
aminotransferase levels for at least 6 mo, and consistent
detection of serum HCV-RNA. All patients were negative
for hepatitis B surface antigen and HIV, and none had liver
cirrhosis or renal disease.
A control group of 31 healthy volunteers (17 men and 14
women) was recruited from blood donors aged 43.2±1.7 years.
They underwent a routine medical examination prior to the
blood collection.
Biochemical determinations and HCV-RNA analysis
Venous blood samples were collected from patients prior
to treatment. Erythrocytes were pelleted by centrifugation
and washed thrice with cold isotonic saline. The plasma and
erythrocyte zinc (Zn), copper (Cu), and iron (Fe) levels were
determined by flame atomic absorption spectrophotometry
(932 plus, GBC, Australia) as previously described[28]. The
accessory hydride formation system (HG3000), also from
GBC, was used for determining selenium (Se) concentrations.
All samples were analyzed in triplicate. Serum “secondgeneration” reference materials (Seronorm TM Trace
Elements Serum) were purchased from Nycomed, Oslo,
Norway.
Thiobarbituric acid substances reacted with products of
lipid peroxidation, mainly MDA, producing a pink color
compound that could be measured at 535 nm. Following
the protocol in Richard et al.[29], thiobarbituric acid levels
were determined in plasma and erythrocytes of patients
and controls. Results were expressed as nanomoles of MDA
per milliliter in plasma and as nanomoles of MDA per gram
protein in erythrocytes. Protein concentration was determined
using the Coomassie protein assay (Pierce, Rockford, IL,
USA) with bovine serum albumin as the standard.
Erythrocyte SOD and GPX activities in plasma were
determined with RANSOD kits (Randox, San Diego) and
Cayman GPx assay kits (Cayman Chemical, USA) respectively.
All values were expressed as units per gram hemoglobin or
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units per milliliter. One unit of SOD was defined as the
amount of enzyme necessary to produce 50% inhibition in
the p-iodonitrotetrazolium reduction rate. The activity of
GR in erythrocytes was also measured at 340 nm using the
commercial kits (GR340, OxisResearch). One GR activity
unit was defined as the amount of enzyme catalyzing the
reduction of 1 mmoL of GSSG.
Additionally, viral RNA was detected and quantitative
HCV-RNA was determined by Amplicor (Roche Molecular
Diagnostics) and expressed as the log of copies of RNA
per milliliter. RNA was extracted from serum samples
following the manufacturer’s instructions (QIAamp viral
RNA kit from Qiagen Inc.). This assay had a lower limit of
100 copies/mL.
Statistical analysis
Data were expressed as mean±SE. Significant differences
in variables between two groups were tested by Student’s
t-test. P<0.05 was considered statistically significant. Linear
regressions were used to analyze the correlation among
variables.

RESUL
TS
RESULTS
Blood micronutrient levels
Table 1 shows the values of specific micronutrients in
plasma of chronic hepatitis C patients and healthy subjects.
There was a significant decrease in Zn and Se and a statistical
increase in Cu concentrations of the patients (P<0.05).
However, plasma Fe levels revealed no significant difference
(P>0.05).
The erythrocyte concentration of Cu in the patients was
significantly higher than that in the healthy controls, and
the Fe concentrations were not significantly different between
two groups. Furthermore, Se and Zn levels were significantly
lower in erythrocytes of the patients (Table 2).

Table 1 Plasma concentrations of Zn, Cu, Fe, and Se in patients
with chronic hepatitis C and healthy controls (mean±SE)
Groups
Patients
Healthy controls

Plasma
Zn (mg/L)

Cu (mg/L)

Fe (mg/L)

Se (µg/L)

a

a

0.56±0.04
0.57±0.03

159.12±5.30a
216.69±7.44

0.13±0.01
0.55±0.06

1.68±0.08
0.53±0.03

a

P<0.05 vs healthy controls.

Table 2 Erythrocyte levels of Zn, Cu, Fe, and Se in patients with chronic
hepatitis C and healthy controls (mean±SE)
Groups

Erythrocytes
Zn (mg/L)

Cu (mg/L)

a

a

Patients

0.79±0.05

Healthy controls

1.40±0.10

Fe (mg/L)

Se (µg/L)

0.52±0.05

1 369.8±88.6

55.09±3.79a

0.09±0.01

1 075.9±96.7

139.08±5.76

a

P<0.05 vs healthy controls.

Evidence of oxidative stress
Table 3 summarizes the values of parameters related to
oxidative stress. Erythrocyte and plasma MDA increased
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Table 3 MDA levels, SOD, GR, and GPX activities in patients with chronic hepatitis C and healthy controls (mean±SE)
Parameters1

Group

MDA
Plasma (nmol/mL)

Patients
Healthy controls
a

0.41±0.02
0.15±0.01

SOD (U/g Hb)

GR (mU/g Hb)

GPX
[nmol/(min·mL)]

17.95±0.51a
15.24±0.45

40.10±2.48 a
30.15±2.69

38.95±1.99 a
51.26±2.66

RBC (nmol/g protein)

a

0.33±0.02a
0.19±0.02

P<0.05 vs healthy controls. 1MDA: malondialdehyde; SOD: superoxide dismutase; GR: glutathione reductase; GPX: glutathione peroxidase.

significantly in patients. Also, the erythrocyte Cu, Zn-SOD,
and GR activities increased significantly in the patients
compared to the controls. In contrast, the plasma Se-dependent
GPX activity in hepatitis C patients was markedly lower.

The Se levels in plasma/erythrocytes/whole blood had
a statistically significant negative correlation with HCV-RNA
levels, whereas a better correlation was found in plasma or
whole blood (Figures 1G-I, r = -0.730, -0.742, P<0.0001).

Correlation of micronutrient concentrations with HCV-RNA
levels
Figures 1A-C shows that there was a significant negative
relationship between Zn contents in erythrocytes/whole
blood and HCV-RNA levels (by log) in patients. In plasma,
however, no significant correlation was observed. A positive
correlation was noted between plasma Cu and HCV-RNA
levels in patients, and an even stronger correlation between
the Cu in erythrocytes/whole blood and HCV-RNA levels
(Figures 1D-F).

Relationship between oxidative stress and HCV-RNA levels
No significant correlation was found between MDA in
plasma and HCV-RNA levels (P>0.05, data not presented).
However, erythrocyte MDA production was positively
correlated with HCV-RNA concentration (Figure 1J,
r = 0.629, P<0.0001). Additionally, HCV-RNA levels
correlated with both erythrocyte GR (Figure 1K, r = 0.441,
P = 0.01) and plasma GPX (Figure 1L, r = -0.675, P<0.0001)
activities. The activities of SOD did not correlate with the
HCV-RNA levels (P>0.05, data not shown).
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Figure 1 Correlations between viral levels and plasma zinc (A), erythrocytes
zinc (B), or whole blood zinc (C), plasma copper (D), erythrocyte copper (E),
whole blood copper (F), plasma selenium (G), erythrocyte selenium (H), whole

blood selenium (I), erythrocyte MDA (J), GR (K), and plasma GPX activities (L)
in chronic hepatitis C patients.

DISCUSSION
The purpose of our study was to find the levels of blood
micronutrient and oxidative stress in patients with chronic
hepatitis C, and to search for linkages between the HCV-RNA
levels and micronutrient status, as well as between oxidative
stress and the presence of antioxidant enzymes.
The essential micronutrients (Zn, Cu, Fe, and Se) might
exacerbate liver disease in case of deficiency, imbalance, or
toxicity[5,30]. They are also linked to the process of oxidation
during chronic liver damage[6,7,31]. In the present investigation,
the levels of Zn and Se in plasma and erythrocytes of
HCV-infected patients decreased significantly compared to
healthy subjects. On the contrary, the Cu levels in patients
were significantly higher than those in the control group.
Nevertheless, alterations of these micronutrients in plasma
and erythrocytes varied in different magnitudes.
Decreasing levels of Zn, Se, or increasing Cu levels were
also noted in sera of hepatitis cases[31-33]. HCV- and HIV-coinfected patients showed markedly lower blood Se levels
compared to HIV-infected patients without concomitant
HCV infection[34]. However, no significant difference in blood
Zn and Se concentrations was observed between chronic

hepatitis C patients and controls[35,36]. One possible explanation
for this discrepancy is that, the subjects in the above two
studies could not be distinguished by the type of hepatitis,
and patients with hepatitis A-D may have different blood
concentrations of Zn and Se. The present study did not
find significantly higher values of erythrocyte Fe in the
patients to coincide with the results in Loguercio et al.[36],
whereas some data in the literature show an obvious increase
of Fe contents both in the liver and in the serum of these
patients[37,38]. Thus, the pretreatment levels of blood Fe might
not be a proper marker for the iron status in patients with
chronic hepatitis C infection.
Although the precise causes remain to be elucidated,
there is evidence that cytokines might alter the levels of
serum trace elements in viral hepatitis[32]. It was reported
that inflammatory cytokines are higher in HCV-infected
individuals than in normal individuals[39,40]. Increased Cu
levels might result from inflammatory responses [32] .
Therefore, the present results suggest that changes of Zn,
Cu, and Se levels in plasma and erythrocytes of patients
with chronic hepatitis C are directly related to the pathology
developed in the liver.

Ko WS et al. Micronutrient, oxidative stress, and viral load in hepatitis C

ROS plays a crucial role in the induction and progression
of liver disease, and are involved in the transcription and
activation of a large series of cytokines that could induce
production of ROS. Some studies indicate that treatment
of high serum Se and Zn levels leads to reduction of
inflammatory reaction in hepatitis patients[41,42]. In addition
to the anti-inflammatory reaction, Se or Zn has antioxidant
and immuno-modulatory effects[43-45]. Copper is also associated
with the inflammatory response and oxidative stress[46,47]. In
the present study, decreased activity of Se-dependent GPX
and increased Cu, Zn-SOD, and GR activities either in
plasma or in erythrocytes suggest that anti-oxidative capability
is limited during circulation. The presence of significant
increase in MDA levels also indicates a possible oxidative
insult in these patients. Liver cirrhosis induces a significant
decrease in Se and Zn levels, another indication of presence
of oxidative stress [36]. The levels of MDA have been
correlated with the severity of chronic hepatitis[45]. There is
evidence that the production of free radicals increases while
anti-oxidant defense decreases significantly in all types of
liver damage[6-9]. Therefore, supportive nutrients, Zn, Cu,
and Se, and oxidative stress might be sensitive indicators
for the degree of liver injuries and the sustained response
to therapy in chronic hepatitis C patients.
The outcome of HCV infection is also thought to depend
on the balance between the rate of viral replication, rapidity,
and specificity and the effectiveness of the host immune
response. Few studies have focused on the relationship
between circulating pool of these immune-regulated
micronutrients and HCV-RNA contents. Our present results
suggest that there is a markedly negative relationship
between HCV-RNA titer (in log) and either erythrocyte or
whole blood Zn concentrations. Similarly, the inverse
correlations between HCV-RNA and blood Se levels
observed in this study suggest that significant higher viral
loads are correlated with lower blood Zn and Se levels in
HCV-infected patients.
In addition, higher levels of blood Cu are markedly
correlated with higher HCV-RNA concentrations. Little is
known about the possible regulatory mechanism of
micronutrients in the pathogenesis of HCV infection.
However, these nutrients are known to assist in immunemediated response and involve in the alteration of virus
genomes[5,27,45,48]. It is suggested that the distribution of Zn,
Se, and Cu might affect sustained response to therapy in
patients with chronic hepatitis C. Therefore, these
micronutrients may be involved in multiple points in the
immune pathogenesis of HCV infection that is essential
for viral clearance.
The oxidative stress is high in hepatitis patients, and
there are significant correlations among HCV-RNA and
erythrocyte MDA, erythrocyte GR and plasma GPX
activities. Zhang et al.[26], reported that Se-dependent GPX
modules are encoded in a number of RNA viruses, including
HIV-1, HCV, Coxsackie’s virus B3, and HIV-2 virus. A
HCV-encoded GPX gene might demonstrate that oxidant
stress is associated with HCV disease progression. In
HIV-infected patients, the decline in Se levels is greater
than that in those with HCV co-infection[34]. Se deficiency
increases the virulence of CVB3 infection, which is encoded
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by the GPX gene within Keshan disease’s cofactor[26,49]. It
has been proposed that Se-dependent GPX participates
directly in immune cytotoxicity, enabling neutrophils and
macrophages to complete intracellular lysis of phagocytosed
cells. In previous investigations, an inverse relationship
between Se level and HBV infection incidence was found[50].
Zn has also been studied for its antiviral effect against
HIV, rhinovirus, and herpes virus [24] . Moreover, Zn
supplementation enhances the response to interferon therapy
in chronic hepatitis C patients[25]. Zn is necessary for the
dimerization of interferon, which activates the interferon
receptor[51]. It is apparent that erythrocyte and plasma Zn,
Se, and Cu levels and oxidative stress are associated with
HCV-RNA levels.
In conclusion, the distribution of Zn, Cu, Se levels and
MDA product, GPX and GR activities in blood may be an
additional host-specific parameter (outside of predictive viral
factors) with a predictive value for the responsiveness of
patients to interferon/ribavirin therapy. Furthermore, these
results may be affected by immunocytokines as a host-defense
system during HCV infection.
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Abstract
AIM: To investigate the biological impacts of “hot-spot”
mutations on genotype B and C HBV X proteins (HBx).
METHODS: Five types of “hot-spot” mutations of genotype
B or C HBV X genes, which sequentially lead to the amino
acid substitutions of HBx as I127T, F132Y, K130M+V131I,
I127T+K130M+V131I, or K130M+V131I+F132Y, respectively,
were generated by means of site-directed mutagenesis.
To evaluate the anti-proliferative effects, HBx or related
mutants’ expression vectors were transfected separately
to the Chang cells by lipofectamine, and the cells were
cultured in hygromycin selective medium for 14 d, drugresistant colonies were fixed with cold methanol, stained
with Giemsa dyes and scored (increase of the colonies
indicated the reduction of the anti-proliferation activity,
and vice versa). Different types of HBx expression vectors
were co-transfected separately with the reporter plasmid
pCMVβ to Chang cells, which were lysed 48 h posttransfection and the intra-cellular β-galactosidase
activities were monitored (increase of the β-galactosidase
activities indicated the reduction of the transactivation
activity, and vice versa). All data obtained were
calculated by paired-samples t-test.
RESULTS: As compared to standard genotype B HBx,
mutants of I127T and I127T+K130M+V131I showed higher
transactivation and anti-proliferative activities, while the
mutants of F132Y, K130M+V131I, and K130M+V131I+F132Y
showed lower activities. As compared to standard genotype
C HBx, I127T mutant showed higher transactivation
activity, while the other four types of mutants showed
no differences. With regard to anti-proliferative activity,
compared to standard genotype C HBx, F132Y and K130M+

V131I mutants showed lower activities, and K130M+V131I
+F132Y mutant, on the other hand, showed higher activity,
while the mutants of I127T and I127T+K130M+V131I
showed no differences.
CONCLUSION: “Hot-spot” mutations affect the antiproliferation and transactivation activities of genotype
B and/or C HBx, and the biological impacts of most
“hot-spot” mutations on HBx are genotype B and C
differentiated.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
HBV belongs to the hepadnaviridae family, which has a
double-stranded DNA genome with a single-stranded gap.
The genome of HBV encodes four kinds of proteins
including the envelope protein (S/Pre-S), the core protein
(C/pre-C), the polymerase (P), and the X protein (HBx).
HBx is a multi-functional transcriptional transactivator[1]
and has been shown to be crucial in the pathogenesis of
HBV-related diseases[2].
Based on an intergroup divergence of 8% or more in
the complete or partial nucleotide sequences, HBV can be
classified presently into eight genotypes[3,4], termed A-H, in
which B and C genotypes are prevalent in East Asia including
China[5]. Recent studies[6,7] revealed that the infection of
genotype B or C HBV brought about quite different clinical
manifestations and liver histological changes, yet the exact
mechanisms involved remain largely obscure. Considering
the important role HBx plays in the pathogenesis of HBV,
it is reasonable to speculate that the clinical and histological
differences of the infection of genotype B and C HBV
may be partially related with the functional differentiations
between these two genotypes of HBx due to the genetic
variability.
Genetic variability [8] of HBx includes both of the
genotype-specific variations and the mutations emerged
during chronic infection. We had shown in our previous
study[9] that there were 16 amino acid genotype-specific
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Cell culture and transfection
The human liver cell line, CCL13 (Chang cells) was cultured
in Dulbecco’s modified Eagle minimal essential medium
with penicillin (100 U/mL) and streptomycin (100 µg/mL),
supplemented with 10% fetal calf serum. Recombinant
plasmid DNA was extracted and purified with Qiagen
maxiprep kits, and used to transfect Chang cells in 60-mm
plates or six-well plates by lipofectamine 2000. Duplicate
plates/wells were used for all samples. Empty vector
pcDNA3.1/Hygro(-) was used as a mock transfection
control.

variations between genotype B and C HBx, and the
biological functions including transactivation activities and
anti-proliferation capacities were different between these two
HBx genotypes. It was also demonstrated that during chronic
infection, genotype B and C HBx shared the same “hot-spot”
mutations in the amino acid positions of 127, 130, 131,
and 132[10], we wondered whether these “hot-spot” mutations
effected HBx, and more importantly, whether the influences
of the same type of mutation on HBx showed genotype B
or C specificity. To address these issues, we constructed
HBx mutants of each genotype (B or C) with the same
“hot-spot” mutations, and comparatively analyzed their
differences in biological functions.

Colony formation assay
Chang cells (3×105) in six-well plates were transfected with
2.5 µg of HBx constructs or empty vector. Forty-eight hours
after transfection, the cells were subcultured at a ratio of
1:3, and cultured in 200 µg/mL hygromycin (Roche,
Germany) selective medium for 14 d. Drug-resistant colonies
were fixed with cold methanol, stained with Giemsa, and
then scored.

MA
TERIALS AND METHODS
MATERIALS
Plasmids
pcDNA3.1-XB and pcDNA3.1-XC were recombinant
pcDNA3.1/Hygro(-) (Invitrogen, USA) vectors harboring
either genotype B or genotype C HBV X gene with
conserved sequences (the amino acid alignment of these
two genotypes of HBx is shown in Figure 1) and could
express HBx in transfected Chang cells, as detected by
immunohistochemistry.

β-galactosidase test
Two micrograms of HBx constructs and 2.0 µg reporter
pCMVβ plasmids (Promega, USA) were co-transfected into
Chang cells in 60-mm plates (5×105 cells per plate). Cells
were harvested and lysed at 48 h post-transfection. After
protein normalization by the Bradford assay (Bio-Rad
Laboratories, Hercules, CA, USA), equal amounts of protein
(30 ng) were used for β-galactosidase assay following the
manufacturer’s instructions.
Statistical analysis was performed using a paired t-test.
P<0.05 was taken as significant.

Generation of genotype B or C HBV X mutants with “hotspot” mutations
pcDNA3.1-XB or pcDNA3.1-XC was used as the template
and the mutagenesis was carried out using GeneTailor
site-directed mutagenesis system (Invitrogen, USA) following
the manufacturer’s instructions. In brief, 200 ng of
pcDNA3.1-XB or pcDNA3.1-XC DNA was methylated
by 8 U methylase in a total volume of 32 µL, and 2 µL of
methylated DNA was used as the template for PCR using
paired primers (reverse primer R was used together with
one of the forward primers F1-F5 to generate nucleotide
mutation, sequentially resulting in amino acid substitution)
(Table 1). After amplification, 5 µL of PCR product was
used to transform E. coli DH5α-T1, and transformants were
screened by growth on bacterial culture plates with ampicillin
for selection. All mutants were sequenced to confirm the
correctness of the induced mutations.

RESUL
TS
RESULTS
Generation of genotype B or C HBx mutants
Mutations at HBV nucleotides 1 753, 1 762, 1 764, and
1 768 resulted in amino acid substitution of HBx at positions
127, 130, 131, and 132, respectively. In this study, nucleotide
mutations were generated in each genotype of HBx with
five types of combinations as 1 753T C, 1 762A T+1 764G
A
, 1 753T C+1 762 A T+1 764 G A, 1 762 A T+1 764 G A

Table 1 Sequences and related applications of the primers used for site-directed mutagenesis and nomenclature of HBx mutants
Primers
R
F1

Sequences (5’ 3’)

Applications
2

Nomenclature of the HBx mutants

Nucleotide mutation

Amino acid substitution3

1 753T

I127T

XB/XC-127

I127T+K130M+V131I

XB/XC-127-130-131

K130M+V131I

XB/XC-130-131

K130M+V131I+F132Y

XB/XC-130-131-132

F132Y

XB/XC-132

CTCCTCCCCCAACTCTTCCCACTCAGTAAAC
GAAGAGTTGGGGGAGGAGAC1

C

TAGGTTAAAGGTC
F2

GAAGAGTTGGGGGAGGAGACTAGGTTA

1 753T C+1 762A T+1 764G

A

ATGATCTTTGTACTAGG
F3

GAAGAGTTGGGGGAGGAGATTAGGTTA

1 762A T+1 764G

A

1 762A T+1 764G

A

ATGATCTTTGTACTAGG
F4

GAAGAGTTGGGGGAGGAGATTAGGTTA

+1 768T

A

ATGATCTATGTACTAGGAGGC
F5

GAAGAGTTGGGGGAGGAGATTAGGTTA

1 768T

A

AAGGTCTATGTACTAGGAGGC
1
Mutated nucleotides are shown as underlined; 21 753, 1 762, 1 764, 1 768 indicate the positions of mutated nucleotides in HBV genome; 3127, 130, 131, 132 are positions
of substituted amino acids in HBx.
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+1 768T A and 1 768 T A, which sequentially resulted in
amino acid substitutions as I127T, K130M+V131I,
I127T+K130M+V131I, K130M+V131I+F132Y, and
F132Y, respectively (Table 1 and Figure 1). The X mutants
were named according to their genotype belongings (B or
C) and the position of the substituted amino acids, for
example, XB-127 for I127T mutant of genotype B HBx,
while XC-127 for I127T mutant of genotype C HBx.

5

15

25

35

45

55

XB

MAARLCCQLD PARDVLCLRP VGAESRGRPL PGPLGALPPA SPPVVPTDHG AHLSLRGLPV

XC

....V.....
65

.. . . . . . . . .
75

. . . . . . . . . V S . . F . P ..SP .SSA..A. . .
85

95

105

..........
115

XB

CAFSSAGPCA LRFTSARRME TTVNAHRNLP KVLHKRTLGL SAMSTTDLEA YFKDCVFTEW

XC

.......... .......... ......QV.. .......... .......... .....L.KD.

XB

EELGEEIRLK VFVLGGCRHK LVCSPAPCNF FTSA

XC

.......... .......... .......... ....

125

135

145

Figure 1 There were 16 amino acid variations between genotype B and C
HBx, which were located at amino acid positions 5, 30, 31, 34, 36, 39, 40, 42,
43, 44, 47, 87, 88, 116, 118, and 119, respectively. Four boxed amino acids,
located at the positions of 127, 130, 131, 132, respectively, were to be substituted
by site-directed mutagenesis.

pcDNA3.1/Hygro(-)

XB

XB-127

Anti-proliferation activities of genotype B or C HBx mutants
To study the anti-proliferation activities of HBx mutants,
we performed colony formation assay [11], in which the
increasing anti-proliferation activities should be paralleled
with the reduction of cell colonies, and vice versa. Chang
cells were transfected separately with parental vector
pcDNA3.1/Hygro(-) or recombinant vectors harboring
different types of HBx; cells were subcultured in hygromycin
selective medium 48 h post-transfection, and the drug-resistant
colonies formed 14 d later were stained with Giemsa and
scored. The results showed that, as compared with XB
(standard genotype B HBx), expression of mutants XB-127
and XB-127-130-131 caused the reduction in the number
of colonies, and expression of mutants XB-132, XB-130-131,
or XB-130-131-132 caused the elevation (Figure 2). As for
genotype C HBx, expression of mutant XC-130-131-132
caused the sharp reduction of colonies to zero, and mutants
of XC-132 and XC-130-131, on the other hand, caused
the elevation in the number of colonies as compared
with XC (standard genotype C HBx), while XC-127 and
XC-127-130-131 showed no differences from XC (Figure 3).
It indicated that effects of three types of “hot spot”
mutations, i.e., I127T, I127T+K130M+V131I, and
K130M+V131I+F132Y, on anti-proliferation of HBx were
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Figure 2 Chang cells were transfected by genotype B X gene expression
vectors and screened by hygromycin, the drug-resistant colonies formed 14 d
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Figure 3 Chang cells were transfected by genotype C X gene expression
vectors and screened by hygromycin, the drug-resistant colonies formed 14 d
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Figure 4 Chang cells were co-transfected by pCMVβ together with the X gene
or related mutants with genotype B (A) or genotype C (B). Forty-eight hours
post-transfection, the cells were lysed and the intracellular β-galactosidase

activities were monitored after protein normalization. The results are shown as
mean±SD of six separate experiments.

genotype B and C differentiated. In addition, it was also
demonstrated that all HBx caused dramatic reduction of
colonies as compared with the empty vector pcDNA3.1/
Hygro(-), irrespective of genotypes (B or C) or the types
(the standard or the mutants), indicating the retaining of
anti-proliferation activities of all HBx.

of four types of “hot spot” mutations, i.e., I127T+K130M+
V131I, K130M+V131I, K130M+V131I+F132Y, and
F132Y, on transactivation of HBx were genotype B and C
differentiated. In addition, the results also showed that
expression of HBx, irrespective of genotypes (B or C) or
the mutant types, induced the increase in intra-cellular
β-galactosidase activities as compared with the empty vector
pcDNA3.1/Hygro(-), indicating the retaining of transactivation
activities of all HBx.

Transactivation activities of genotype B or C HBx mutants
It was reported previously that HBx could transactivate the
CMV immediate early promoter [12], so plasmid pCMVβ
containing the CMV immediate early promoter and
expressing β-galactosidase was used as the indicator to
evaluate the transactivation activities of HBx mutants. In
our study, pCMVβ was co-transfected with an HBx
construct to Chang cells, which were lysed 48 h post
transfection, and intra-cellular β-galactosidase activities were
monitored. The results showed that, as for genotype B HBx,
expression of mutants XB-127 and XB-127-130-131
induced increase in β-galactosidase activities as compared
with XB, and three other mutants, i.e., XB-132, XB-130-131,
and XB-130-131-132 induced decreased activities (Figure 4A
and Table 2), as for genotype C HBx, XC-127 induced the
increase in β-galactosidase activities as compared with XC,
while the other four types of mutants showed no differences
(Figure 4B and Table 2). The results revealed that effects
Table 2 Intracellular β-galactosidase activities of transfected Chang
cells by pCMVβ and X gene expression vectors
DNA transfected
pcDNA3.1/Hygro(–)
XB
XB-127
XB-132
XB-130-131
XB-127-130-131
XB-130-131-132
XC
XC-127
XC-132
XC-130-131
XB-127-130-131
XB-130-131-132

β-galactosidase activities1

P2

P3

0.147±0.039
0.593±0.051
0.666±0.054
0.492±0.052
0.477±0.065
0.680±0.090
0.472±0.081
0.505±0.064
0.641±0.044
0.571±0.104
0.459±0.065
0.457±0.067
0.646±0.177

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

<0.05
<0.01
<0.01
<0.05
<0.05
<0.01
>0.05
>0.05
>0.05
>0.05

1
All data are expressed as mean±SD of six separate experiments; 2Paired-samples
t-test between pcDNA3.1/Hygro(–) and all HBx; 3Paired-samples t-test between
genotype B(XB)/genotype C(XC) and the relative mutants.

DISCUSSION
There are increasing evidences that the clinical manifestations,
the long-term prognosis, the liver histological changes, and
the response to treatment of interferon and nucleosidic
inhibitors may differ depending on which genotype of HBV
the patient has been infected with[13]. In Taiwan, where the
genotypes of HBV were predominantly B and C, genotype
C is associated with more severe liver disease and genotype
B is associated with the development of hepatocellular
carcinoma (HCC) in young non-cirrhotic patients[6]. In
contrast, genotype B has a relatively good prognosis in Japan
and China and is rarely associated with the development
of HCC [7]. However, the impact of genotypes on HBV
pathogenesis remains largely obscure.
HBx is a promiscuous activator[1] and considered to be
of importance in the pathogenesis of HBV, it can indirectly
activate miscellaneous viral and cellular genes[14], induce or
block apoptosis of the infected cells[15,16], and induce HCC
in certain lines of transgenic mice[17,18]. We demonstrated
previously that there were 16 amino acid differences
between standard genotype B and C HBx, and the activities
including transactivation and anti-proliferation were different
between these two genotypes of HBx. These results
indicated that the B, C genotype-specific structural and
functional differentiations of HBx may partially contribute
to the different clinical outcomes and histological changes
of the infection with genotype B or C HBV.
In addition to the genotype-specific variations, both of
B and C genotypes of HBx also showed the same gene
mutations within their coding regions (nt1 376-1 840), i.e.,
nt1 753T C, nt1 762A T, nt1 764G A, and nt1 768T A, which
accordingly led to the amino acid variations as I127T,
K130M, V131I, and F132Y. These “hot-spot” mutations
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Table 3 Summary of the biological impact of “hot-spot” mutations on genotype B and C HBx
HBx mutants
I127T
I127T+K130M+V131I
K130M+V131I

Genotype B1
Transactivation

Genotype C2
Antiproliferation

Transactivation

3

Antiproliferation
-5

-

4

K130M+V131I+F132Y
F132Y

-

-

1
Changes of biological functions were compared with XB; 2Changes of biological functions were compared with XC. 3, 4, and 5 accordingly indicate increased, decreased
and equal activities of HBx mutants as compared with XB/XC.

emerged due to the error-prone reverse transcriptase activity
of HBV polymerase [19] and the long-term virus-host
interaction, and occurred mainly during chronic infection
including different clinical stages of chronic hepatitis[20] and
HBV-associated HCC as well[21]. In fact, these “hot-spot”
mutations appeared predominantly in five types: I127T,
F132Y, K130M+V131I, I127T+K130M+V131I, or
K130M+V131I+F132Y. Our results demonstrated that these
mutations affected the anti-proliferation and transactivation
activities of genotype B and/or C HBx, and more importantly,
the impacts of most types of the “hot-spot” mutations on
HBx were genotype B and C differentiated, i.e., as concerning
the anti-proliferation activities, impacts of HBx mutants of
I127T, I127T+K130M+V131I, and K130M+V131I+F132Y
showed genotype B and C differentiated, and regarding
the transactivation activities, impacts of mutants of
I127T+K130M+V131I, K130M+V131I, K130M+V131I
+F132Y, and F132Y showed genotype B and C differentiated
(Table 3).
It was also revealed that all HBx mutants, irrespective
of genotypes or mutant types, retained their biological
functions. It may be therefore concluded that the effects
of the mutations on HBx was relatively mild and was in
strong contrast to the distal COOH-terminal deletion
mutants isolated from the integrated chromosomes of HCC
tissues, which completely abrogated the transactivation or
anti-proliferation activities[22,23]. In addition, it was previously
reported that the transactivation activities of HBx are often
linked to anti-proliferation function[24]. Our results strikingly
showed that the linkage of these two activities only occurred
in genotype B HBx, in which the increasing activation
activities of HBx mutants were coupled with the enhanced
anti-proliferation activities, and vice versa, while it seemed
that the activities of anti-proliferation and transactivation
were completely separated in genotype C HBx (Table 3).
Therefore, it was concluded that association of transactivation
with anti-proliferation activities was a common feature of
HBx with genotype B rather than genotype C.
There is no indisputable evidence showing that the
transactivation activity of HBx contributes to liver disease.
However, reduction of the anti-proliferation effect may
endow a growth advantage on cells containing these
particular HBx mutants, while increase of anti-proliferation
effects will lead to cell disruption and hence accelerate
intracellular spread of HBV [25] . So in this point, any
functional changes of anti-proliferation are pathogenic.
In summary, “hot-spot” mutations affect the antiproliferation and transactivation activities of genotype B

and/or C HBx, and the biological impacts of most “hotspot” mutations on HBx are genotype B and C differentiated.
Together with our previous findings demonstrating the
different biological functions between genotype B and C
HBx [9,26], we conclude that genetic variability results in
functional differentiations between genotype B and C HBx.
Nevertheless, considering the sophisticated mechanism of
HBV pathogenesis[27], whether these genotype B and C
specific functional differentiations of HBx are responsible
for the different clinical outcomes and liver histological
changes between two genotypes of HBV, and more
importantly, the exact mechanisms involved await further
studies.
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Abstract
AIM: To investigate the biological function of p7 protein
and to look for proteins interacting with p7 protein in
hepatocytes.
METHODS: We constructed p7 protein bait plasmid by
cloning the gene of p7 protein into pGBKT7, then transformed
it into yeast AH109 (a type). The transformed yeast was
mated with yeast Y187 (α type) containing liver cDNA
library plasmid, pACT2 in 2×YPDA medium. Diploid yeast
was plated on synthetic dropout nutrient medium (SD/Trp-Leu-His-Ade) containing x-α-gal for selection and
screening. After extracting and sequencing of plasmids
from blue colonies, we performed sequence analysis by
bioinformatics.
RESULTS: Fifty colonies were selected and sequenced.
Among them, one colony was Homo sapiens signal
sequence receptor, seven colonies were Homo sapiens
H19, seven colonies were immunoglobulin superfamily
containing leucine-rich repeat, three colonies were
spermatid peri-nuclear RNA binding proteins, two colonies
were membrane-spanning 4-domains, 24 colonies were
cancer-associated antigens, four colonies were nucleoporin
214 ku and two colonies were CLL-associated antigens.
CONCLUSION: The successful cloning of gene of protein
interacting with p7 protein paves a way for the study of the

physiological function of p7 protein and its associated protein.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) is a major cause of chronic hepatitis,
liver cirrhosis, and hepatocellular carcinoma throughout the
world. Although HCV cannot be incubated efficiently in
vitro, several of its key features have been elucidated in the
past few years. HCV, cloned successfully via molecule
biological technology[1,2], is an enveloped, positive singlestranded RNA (9.6-kb) virus belonging to the Flaviviridae.
The HCV genome has only one ORF which is flanked by a
5’ and 3’ noncoding region. The ORF encodes for a large
polyprotein precursor of about 3 000 amino acid residues,
and this precursor protein is cleaved by the host and viral
proteinases to generate at least 10 proteins in the following
order: NH2-C-E1-E2-p7-NS2-NS3-NS4A-NS4B-NS5ANS5B-COOH. HCV proteins not only function in viral
replication but also affect a variety of cellular functions[3-6].
HCV p7, which is located between the E2 and NS2 proteins,
is a 63 residue peptide encoded by HCV genome between
2 580-2 768 nt[7]. Although there are studies on the genomic
structure, synthesis and function of p7 protein, the role of
the HCV p7 protein in the virus life cycle is not known. To
gain more information on the HCV p7 protein, and provide
some new clues for elucidating the potential biological
function of p7, we looked for proteins interacting with p7
protein by screening human liver cDNA library with yeast
two-hybrid system.
MA
TERIALS AND METHODS
MATERIALS
Bacteria, yeast strains and plasmids
All yeast strains and plasmids for yeast two-hybrid experiments
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were obtained from Clontech (Palo Alto, CA, USA) as
components of the MATCHMAKER two hybrid system 3.
Yeast strain AH109 (MATa, trp1-901, leu2-3,112, ura3-52,
his3-200, gal4 , gal80 , LYS2:GAL1UAS-GAL1TATA-HIS3,
GAL2UAS-GAL2TATA-ADE2, URA3: MEL1UAS-MEL1TATALacZ) containing pGBKT7-53, coding for DNA-BD/mouse
p53 fusing protein and AH109 was used for cloning of bait
plasmids, yeast strain Y187 (MATa, ura3-52, his3-200, Ade2101, trp1-901, leu2-3, 112, gal4 , gal80 , met-, URA3:
GAL1UAS-GAL1TATA-lacZ MEL1) containing pTD1-1, in
which pACT2 codes for AD/SV40 large T antigen fusing
protein and Y187 was used for cloning of library plasmids.
Bacterial strain DH5a was used for cloning of every shuttle
plasmid. pGBKT7 DNA-BD cloning plasmid, pGADT7
AD cloning plasmid, pGBKT7-53 control plasmid,
pGADT7, pGBKT7-Lam control plasmid, pCL1 plasmid
were from Clontech Ltd Company (K1612-1). pGEM T
vector was from Promega Company, USA.
Chemical agents and culture media
Taq DNA polymerase was purchased from MBI Company.
T4 DNA ligase, EcoRI and BamHI restriction endonuclease
were from Takara. c-Myc mAb secreted by 1-9E10.2 hybridoma
(ATCC), and goat anti-mouse IgG conjugated with
horseradish peroxidase were from Zhongshan Company,
China. Lithium acetate, semi-sulfate adenine, acrylamide,
and N, N’-bis-acrylamide were from Sigma. TEMED was
from Boehringer Mannheim. Tryptone and yeast extracts
were from Oxoid. X-α-gal and culture media: YPDA, SD/
-Trp, SD/-Leu, SD/-Trp/-Leu, SD/-Trp/-Leu/-His, SD/Trp/-Leu/-His/-Ade were from Clontech Ltd Company.
Protein-G agarose were from Roche. pEGM-T vector was
from Promega. RT-PCR kit was from Isotope Company
of China. Others were from Sigma Company.
Construction of “bait” plasmid and expression of HCV p7 protein
To make the bait plasmid, HCV-p7 sequences were generated
by PCR amplification of HCV plasmid (HCV strain 1b).
The plasmid containing coding sequences of all the structural
and non-structural proteins was used as the template. The
sequence of the primers containing the EcoRI and BamHI
restriction enzyme sites are sense primer: 5’-GAA TTC ATG
GCT TTG GAG AAC CTC G-3’ and anti-sense primer:
5’-GGA TCC TTA CGC GTA CGC CCG CTG G-3’.
for 30 s, at
The PCR conditions were as follows: at 94
for 30 s, at 72
for 30 s. Ten nanograms of the
60
189-bp PCR product were cloned with pGEM-T vector.
The primary structure of insert was confirmed by direct
sequencing. The fragment of encoding p7 was released from
the pEGM-T-p7 by digestion with EcoRI and BamHI, and
ligated to pGBKT7. Vector pGBKT7-expressing proteins
were fused with amino acids 1-147 of the GAL4 DNA
binding domain (DNA-BD), pGADT7-expressing proteins
were fused with amino acids 768-881 of the GAL4 activation
domain (AD). Plasmid pGBKT7-p7 (Figure 1) containing
full-length HCV p7 gene could directly express DNA binding
domain, c-Myc and p7 fusion protein. The plasmid was
transformed into yeast strain AH109 by using lithium acetate
method [8]. Transformed AH109 (bait) was cultured on
quadruple dropout media to exclude the auto-activity.
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f1 ori
TRP1 gene

ADH1 promotor
DNA-BD
c-Myc

TRP1
promotor

EcoRI (1 300)
pGBKT7-p7
7 489 bp

HCV-p7
BamHI (1 501)
ADH1 terminator

2u

pUC ori
Kan

Figure 1 Map of “bait” plasmid pGBKT7-p7.

Western blot analysis
A single isolated colony (1-2 mm in diameter, not older
than 5 d) of yeast AH109 transformed with pGBKT7-p7
selected by lithium acetate method was inoculated into 5 mL
of SD/-Trp and incubated at 30 overnight with shaking
at 220-250 r/min. The entire overnight culture was
inoculated into 50 mL YPDA medium and incubated at
with shaking at 220-250 r/min until the A600 reached
30
0.4-0.6. The culture was chilled and centrifuged for cell
pellets. The yeast protein extracts of p7 were prepared
according to urea/SDS method. A part of protein exact
was resolved on SDS-polyacrylamide gel and transferred
onto nitrocellulose membrane. After being blocked with
nonfat dried milk, the membrane was treated with c-Myc
mAb for 90 min, then with HRP-goat anti-mouse IgG at
the dilution of 1:500 for 60 min. Subsequently the blot
was developed by 4-chloro-1-naphthol and H2O2. The yeast
AH109 cells with transformed pGBKT7 were used for
positive control and the untransformed yeast, AH109 cells
were used for negative control.
Screening of liver cell cDNA library by yeast two-hybrid system
One large (2-3 mm), fresh (<2 mo old) colony of AH109
(bait) was inoculated into 50 mL of SD/-Trp and incubated
at 30 overnight (16-24 h) with shaking at 250-270 r/min.
Then the cells were spun by centrifuging the entire 50 mL
culture at 1 000 r/min for 5 min. After supernatant was
decanted, the cell pellet was resuspended in the residual
liquid by vortexing. A human liver cDNA library was cloned
into pACT2 and yeast reporter strain Y187 (Clontech Co.).
The entire AH109 (bait) culture and 1 mL human liver
cDNA library (1×106 CFU/mL) were combined and cultured
in a 2-L sterile flask and 45 mL of 2´YPDA/Kan was added
and swirled gently. After 20 h mating, the cells were spun
re-suspended and spread on 50 large (150 mm) plates
containing 100 mL of SD/-Ade/-His/-Leu/-Trp (QDO).
After growth for 6–15 d, the yeast colonies were transferred
onto the plates containing X-α-gal to check for expression
of the MEL1 reporter gene (blue colonies).
Plasmid isolation from yeast and transformation of E. coli with
yeast plasmid
Approximately 1×106 colonies were screened and 50 positive
clones were identified. Yeast plasmid was isolated from
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positive yeast colonies with lyticase method (Clontech Co.),
and transformed into super-competence E. coli DH5α by
a chemical method. Transformants were plated on ampicillin
SOB selection media and grown under selection. Subsequently,
pACT2-cDNA constructs were re-isolated following the
standard protocol, analyzed by restriction digestion and
sequencing in.
1

Bioinformatic analysis
After the positive colonies were sequenced, the sequences
were blasted with GenBank to analyze the function of the
genes (http://www.ncbi.nlm.gov.blast).
Confirmation of the true interaction in yeast
To confirm the true protein–protein interaction and exclude
false positives, the plasmids of positive colonies were
transformed into yeast strain Y187, and then mating
experiments were carried out by mating with yeast strain
AH109 containing pGBKT7-p7 or pGBKT7-Lam. After
mating, the diploids of yeast were plated on SD/-Ade-HisLeu-Trp (QDO) covered with X-α-gal to test the specificity
of interactions.

RESUL
TS
RESULTS
Identification of recombinant plasmid
The full length sequences of HCV p7 were generated by
PCR amplification of HCV plasmid (HCV strain 1b),
sequenced and analyzed by comparing to vector NTI 6
and BLAST database homology search (http://www.ncbi.
nlm.nih.gov/blast). After being cut by EcoRI/BamHI, the
fragment was in-frame ligated into pGBKT7 EcoRI/BamHI
site. Restriction enzyme analysis of pGBKT7-p7 plasmid
with EcoRI/BamHI yielded two bands: 7 300 bp empty
pGBKT7 and 189 bp HCV p7. The product of plasmid
was amplified by PCR. Analysis of the PCR reaction products
by agarose gel electrophoresis showed the clear bands with
the expected size (189 bp of p7). Sequences of the PCR
products were correct (Figures 2A and B).

A

B
bp
7 500

250 bp
250

Figure 2 Fragment-p7 amplified by PCR (A) and pGBKT7-p7 cut by EcoRI/
BamHI (B).

Expression of “bait” fusion protein
Yeast strain AH109 transformed with pGBKT7-p7 could
stably express the fusion protein at high level (Figure 3) and
could only grow on SD/-Trp medium but not on QDO
medium. Thus, the transformed yeast could be used for
yeast hybrid analysis.

2

3

Figure 3 Expression of HCV p7 in yeast shown by Western blotting. Lane 1:
HCV p7 protein; lane 2: positive control; lane 3: negative control.

Screening of liver cell cDNA library
We isolated the plasmids from the blue colonies containing
only pGBKT7-p7 and one library plasmid other than other
plasmids. Because plasmid pACT2-cDNA contains two
restriction endonuclease sites of BglII on both sides of
multiple cloning sites, the gene fragments of the liver cell
cDNA library (pACT2-cDNA) screened were released by
BglII digestion (Figure 4). The gene fragments of different
lengths in Figure 4 proved, that these screened clones were
positive colonies growing on SD/-Trp/-Leu/-His/-Ade
culture medium after mating.

bp
7 500 bp
2 000
1 000

Figure 4 Identification of different colonies with BglII digestion.

Analysis of cDNA sequence and homology
We obtained a total of 50 positive colonies growing on the
selective SD/-trp-leu-his-ade/X-α-gal medium. These
colonies were prescreened by BglII digestion to make sure
that only colonies with different inserts were subjected to
sequencing. Fifty colonies from cDNA library were
sequenced. Using the BLAST program at the National
Center for Biotechnology Information, the 50 sequences
had a high similarity to known genes. The data are presented
in Table 1.

DISCUSSION
The precise mechanism of early HCV infection remains
largely unknown. We tried to obtain a sufficient amount of
free virions from the plasma of infected individuals and to
establish a robust in vitro system for virus propagation. In
HCV polyprotein, HCV p7 is located downstream of the
envelope glycoprotein, E2 and upstream of the NS2 protein
and begins at the position 747 of HCV H strain polyprotein.
The generation of HCV p7 is supposed to be catalyzed by
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Table 1 Comparison between positive clones and similar sequences in GenBank
High similarity to known genes

Number of similar

Homolog (%)

Homo sapiens signal sequence receptor, delta
Homo sapiens H19, imprinted maternally expressed untranslated mRNA

1
7

100
96-99

Homo sapiens immunoglobulin superfamily containing leucine-rich repeat
Homo sapiens spermatid perinuclear RNA binding protein

7
3

98
100

2
24

97-98
94-100

4
2

86
99

Homo sapiens membrane-spanning 4-domains, subfamily A, member 6A (MS4A6A)
Homo sapiens colon cancer-associated antigen
Homo sapiens nucleoporin 214 ku
Homo sapiens CLL-associated antigen KW-13

a host signal peptidase localized in the endoplasmic reticulum[9].
The p7 polypeptide of HCV is a small hydrophobic polyprotein
of unknown function and contains 63 amino acids. Its
encoding gene is present between structural and non-structural
proteins, but it is still not clear whether p7 is a structural
protein or a non-structural protein. Studies on the subcellular
localization of HCV proteins indicate that most of them
associate with ER membranes[10-12]. HCV p7 comprising two
transmembrane alpha helices linked by a small charged
cytoplasmic loop, is indeed membrane-associated and mostly
located in the endoplasmic reticulum[7]. HCV p7 is an integral
membrane polypeptide. Pulse-chase analysis showed that a
large proportion of p7 stays in an early compartment of
the secretory pathway. Carrere-Kremer et al.,’s studies[7]
showed that p7 has a double membrane-spanning topology,
the amino- and carboxyl-terminal tails are oriented toward
the ER and should therefore also be accessible from the
extracellular environment. The C-terminal transmembrane
domain of p7 is a signal sequence and the amino- and/or
carboxyl-terminal intraluminal tails of p7 contain sequences
with genotype-specific function[13]. The data indicate that
p7 is a polytopic membrane protein that could play a
functional role in several compartments of the secretory
pathway.
At present, studies are carried on the biological functions
of HCV p7 protein in the virus life cycle. HCV p7 protein
forms hexamer cation ion channels in black lipid membranes.
The function of p7 is supposed to be similar to viroporin,
which mediates cation permeability across membranes and
are important for virion release or maturation[14,15]. Mutants
with deletions of all or part of p7 and a mutant with
substitutions of two conserved residues in the cytoplasmic
loop are not viable. Thus, p7 is essential for infectivity of
HCV[13]. HCV p7 regulates the internalization properties of
HCV structural proteins[16]. It has been hypothesized that
lack of p7 may lead to conformational changes of envelope
proteins, as reported for closely related virus, that are perhaps
important for cell binding and entry of the HCV virion.
Studies of HCV subgenomic replicons showed that p7 is
not critical for RNA replication[17,18].
Transfection with RNA transcripts from an infectious
BVDV cDNA clone with in-frame deletions or point
mutations of p7 could not produce infectious virus, but
the infectivity could be restored by providing p7 in
transmembrane. HCV p7 has characteristics similar to those
of a group of proteins called viroporins[13,15]. These proteins
form ion channels that might be of importance for virus
assembly and/or release or maturation. Mutation of a
conserved basic loop located between the two predicted

transmembrane alpha helices rendered HCV p7 nonfunctional as an ion channel. The intra-cellular localization
of p7 was unaffected by this mutation[19,20]. The HCV-like
particles (HCV-LPs) without p7 (p7-HCV-LP) have been
shown to be more potent in inducing cellular immune
responses with a Th1 bias than HCV-LP with p7[21]. The
study showed that p7-HCV-LP can also induce both humoral
and cellular immunities in AAD mice[22].
Protein-protein interactions occur in a wide variety of
biological processes and essentially control the cell fate from
division to death. Yeast two-hybrid assays represent a
versatile tool to study protein interactions in vivo. Yeast twohybrid system 3 based on the system originally designed by
Fields and Song, takes advantage of the properties of the
GAL4 protein of the yeast Saccharomyces cerevisiae. GAL4based assay uses yeast transcription factor, GAL4 for
detection of protein interactions by transcriptional activation.
GAL4 possesses a characteristic phenomenon that the
transactivation function can be restored when the factor’s
DNA-binding domain (DBD) and its transcription-AD are
brought together by two interacting heterologous proteins.
GAL4-yeast two-hybrid assay uses two expression vectors,
one uses DBD and the other uses AD. The GAL4-DBD
fuses to a protein ‘X’ and a GAL4-AD fuses to a protein
‘Y’ to form the bait and the target of the interaction trap,
respectively. A selection of host cells with different reporter
genes and different growth selection markers provides a
means to detect and confirm protein-protein interactions
and has significantly fewer false positives[23-26].
To investigate the role of HCV p7 in pathogenesis of
HCV and physiologic function in hepatocytes, yeast two
hybrid system 3 is used to screen the proteins interacting
with p7 protein. In this study, the “bait” plasmid pGBKT7p7 was transformed into yeast strain AH109. In order to
further confirm the expression of HCV p7 protein in
AH109 yeast strain, we performed the experiment of
Western blot and a strong expression of the HCV p7 protein
was observed. After the “bait” plasmid pGBKT7-p7 yeast
strain AH109 was mated with liver cDNA library yeast strain
Y187, the diploid yeast cells were plated on QDO media
containing X-α-gal, 50 true positives were obtained. By
sequencing analysis of isolated library plasmids, we got the
sequences of 50 genes with known functions. Eight of them
were respectively associated with genesis of tumor and
immunity, regulation of cell life cycle, and the way of signal
transmission.
We screened Homo sapiens membrane-spanning 4-domains,
subfamily A (MS4A6A). Tetraspanins are a large superfamily
of cell surface membrane proteins characterized by their

Huang YP et al. Screening of binding-protein of HCV p7

four transmembrane domains, and expressed in a wide variety
of cell types and formed two different circularity structures
outside cellular membrane. Tetraspanins interact with diverse
important proteins, such as integrins, immunoreceptors, and
signaling molecules and have functional roles in processes.
They promote cellular growth and signal transduction and
are possibly related to viral adhesion and entry, cellular
cancerization, tumor cell invasion, and metastasis[27,28]. The
tetraspanin web refers to a network of molecular interactions
involving tetraspanins and other molecules. The functions
of net are complex and multiple. The CD81 is one of the
tetraspanins and widely expressed in a variety of cell types.
Todres et al.[29], and Bartosch et al.[30], showed that CD81 is
likely to be the receptor protein of HCV infecting target
cells, and the structures of CD81 and other subfamilies of
tetraspanins are partly homologous. Because CD37 can
regulate directly B cell function and interact between T and
B cells, and regulate humoral immunity[31,32]. CD53 relates
to apoptosis and tumor formation. CD63 relates to maturation
of human dendritic cells and modulates differential
distribution of associated MHC class II molecules during
maturation of dendritic cells[33]. Migration of activated hepatic
stellate cells (HSC) is a key event in the progression of liver
fibrosis. The tetraspanin CD151 molecule plays a key role
as a regulator of α6β1 integrin adhesion strengthening and
involves in HSC migration, adhesion, and proliferation[34,35].
Human CD81 directly enhances Th1 and Th2 cell activation,
but preferentially induces proliferation of Th2 cells upon
long-term stimulation. CD81 cross-linking can also induce
adhesion in B and T cells and decrease the threshold for B cell
activation via the immunoglobulin (Ig) receptor, which produces
autoantibodies and form corresponding immunopathologic
damage[36]. In this study, it was shown that HCV p7 could
bind to tetraspanins and the functions of p7 are complex.
Another important protein interacting with p7 protein
from liver cDNA library is Homo sapiens nucleoporin
214 ku (NUP214). Nuclear pore complexes (NPCs) are
large protein structures spanning the double membrane of
the eukaryotic nucleus that serves as a site for translocation of
macromolecules between the nucleus and the cytoplasm.
NPCs include a family of 50-100 proteins termed as
nucleoporins (Nups). Studies in the past several years have
demonstrated that individual Nups play a unique role in
regulating NPC function and nucleo-cytoplasmic transport
of proteins and RNAs. The functions of individual Nups
are associated with specific human diseases. NUP214, also
named as CAN protein, is an oncogene and one of the
components of NPCs in eukaryotic cells. It contains FG
repeat sequences of special proteins of NPCs, which bind
directly to receptors that transport substrates through the
NPC. NUP214 is located at cytoplasmic side of the NPC
and plays a role in numerous pathways, including cell cycle
progression, control of gene expression, oncogenesis, and
transport of nucleoplasmic. 3’ extremity of the gene forms
an integral gene with DEK gene on chromosome 6, which
is correlative to acute myelocytic leukemia and myelodysplastic
syndrome[37-39].
We also screened Homo sapiens Ig superfamily (IgSF)
containing leucine-rich repeat. The IgSF is one of the largest
families of protein domains in this genome and one of the
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major families in other multicellular eukaryotes. The
members of the superfamily are involved in a variety of
functions including cell-cell recognition, cell-surface
receptors, muscle structure and the immune system[40]. The
IgSF containing a leucine-rich repeat (LRR) is named as
ISLR. The ISLR gene is mapped on human chromosome
15q23-q24 by fluorescence in situ hybridization. It is a protein
with a molecular mass of 46 ku and contains a LRR, with
conserved flanking sequences and a C2-type Ig-like domain.
These domains are important for protein-protein interaction
or cell adhesion, therefore it is possible that the ISLR may
also interact with other proteins or cells[41].
HCV p7 protein also interacts with Homo sapiens signal
sequence receptor δ, Homo sapiens H19, imprinted maternallyexpressed untranslated mRNA, Homo sapiens spermatid
perinuclear RNA binding protein, Homo sapiens colon cancerassociated antigen and Homo sapiens CLL-associated antigen
KW-13. The significance of interactions of the proteins
with HCV p7 should be further studied in vivo and in vitro.
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Abstract
AIM: To develop a serum or histological marker for early
discovery of gastric atrophy or intestinal metaplasia.
METHODS: This study enrolled 44 patients with gastric
adenocarcinoma, 52 patients with duodenal ulcer, 14 patients
with gastric ulcer and 42 consecutive healthy adults as
controls. Each patient received an endoscopy and five biopsy
samples were obtained. The degrees of histological
parameters of gastritis were categorized following the
Updated Sydney System. Anti-parietal cell antibodies (APCA)
and anti-Helicobacter pylori (H pylori) antibodies (AHPA)
were analyzed by immunoassays. H pylori infection was
diagnosed by rapid urease test and histological examination.
RESULTS: Patients with gastric cancer and gastric ulcer
are significantly older than healthy subjects, while also
displaying higher frequency of APCA than healthy controls.
Patients with positive APCA showed higher scores in gastric
atrophy and intestinal metaplasia of corpus than patients
with negative APCA. Patients with positive AHPA had higher
scores in gastric atrophy, intestinal metaplasia, and gastric
inflammation of antrum than those patients with negative
AHPA. Elderly patients had greater prevalence rates of
APCA. Following multivariant logistic regression analysis,
the only significant risk factor for antral atrophy is positive
AHPA, while that for corpus atrophy is positive APCA.
CONCLUSION: The existence of positive APCA correlates

with glandular atrophy in corpus and the presence of
positive AHPA correlates with glandular atrophy in antrum.
The existence of serum APCA and AHPA betokens
glandular atrophy and requires further examination for
gastric cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Statistics from the American Cancer Society indicated around
22 000 new cases of gastric carcinoma in the USA for
2001[1]. Gastric cancer, a disease with high mortality, is the
second leading cause of cancer death worldwide [2]. An
important factor concerning the high mortality rate is the
high frequency of advanced gastric cancer at diagnosis. Early
diagnosis is difficult because gastric cancer tends to manifest
initially with non-specific symptoms and signs.
Helicobacter pylori (H pylori) was categorized as class I
carcinogen of gastric cancer by the International Agency
for Research on Cancer in 1994[3]. However, most patients
with H pylori gastritis are clinically silent and only a fraction
of them will develop gastric cancer[4]. Which histological
elements would raise the risk of gastric cancer is disputable.
Chronic atrophic gastritis was reported in 80-90% and
intestinal metaplasia appeared in 70% of patients with gastric
carcinoma[5]. Glandular atrophy and intestinal metaplasia
are now considered as risk factors for gastric cancer. The
identification of both conditions, however, demands invasive
procedures and biopsy. To develop a non-invasive, diagnostic
tool is an important challenge to all gastroenterologists.
There are no sufficiently sensitive serum markers to
enable an early diagnosis of gastric cancer[6]. A low serum
pepsinogen I and raised serum gastrin levels were found in
patients with gastric cancer[7,8]. However, they lack adequate
sensitivity and specificity. The levels of anti-parietal cell
antibody (APCA) expression were associated with the
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histological degree of atrophy[9]. The presence of APCA
may represent an early marker of gastric atrophy.
This study attempted to assess differences in histological
parameters of gastritis among patients with gastric cancer
and other controls. The effectiveness of serum APCA and
anti-H pylori antibodies (AHPA) in predicting glandular
atrophy and even gastric cancer was also assessed.

MA
TERIALS AND METHODS
MATERIALS
Patients
This study enrolled 152 consecutive subjects with epigastric
discomfort between July 2002 and June 2003. The subjects
comprised 44 patients with histologically documented gastric
adenocarcinoma, 52 patients with duodenal ulcer, 14 patients
with gastric ulcer, and 42 consecutive healthy adults as
controls. Those subjects with history of major systemic
diseases including diabetes mellitus, adrenal insufficiency,
iron deficiency anemia, thyrotoxicosis, myxedema, and
Hashimoto’s thyroiditis were excluded.
All subjects were recruited at our hospital and gave
informed consent for endoscopic biopsies. Biopsies were
executed with jumbo forceps from cancer and non-cancer
sites. At least six specimens were obtained from the neoplastic
lesions for histological verification. Only those who were
histologically documented as gastric adenocarcinoma were
included in this study.
In addition, five specimens were collected from antrum
and corpus following the standard protocol. These five
specimens were classified with a visual analog scale proposed
by the Updated Sydney System[10]. This study was approved
by the Human Medical Research Committee of the
Kaohsiung Veterans General Hospital, Kaohsiung, Taiwan.
Biopsy protocol
A standardized biopsy protocol was done in all subjects. All
subjects underwent endoscopic biopsies and five specimens
were extracted from A3 (lesser curvature site of angularis),
A1 (lesser curvature site of antrum), A4 (greater curvature
site of antrum), B5 (lesser curvature site of mid-body), and
B6 (greater curvature site of mid-body). Only cases from whom
all five specimens were available were included in this study.
Histology
The specimens for histological examinations were fixed in
10% buffered for malin, embedded in paraffin, and
sectioned. The sections were stained with a hematoxylin
and eosin stain and a modified Giemsa stain [11,12]. The
biopsied specimens were assessed by a histopathologist who
was unaware of the endoscopic features and clinical data.
The morphological variables, including H pylori density,
neutrophils (AIS: acute inflammatory score), monocytes
(CIS: chronic inflammatory score), lymphoid follicles,
glandular atrophy and intestinal metaplasia, were graded with
a visual analog scale according to the Updated Sydney System.
The scores of all histological parameters in antrum were
calculated from means of A1 and A4 and those in corpus
from B5 and B6.
Rapid urease test
The rapid urease test was performed according to our
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previous studies[13]. Each biopsied specimen was placed
immediately in 1 mL of a 10% solution of urea in deionized
water (pH 6.8) to which two drops of 1% phenol red solution
for up to 24 h. If
had been added and incubated at 37
the yellowish color around the area of inserted specimen
changed to bright pink within the 24-h limit, the urease test
was considered positive. In our laboratory, the sensitivity
and specificity of the rapid urease test were 96% and 91%,
respectively[14].
Questionnaire
Complete medical history and demographic data was
gathered from each patient, comprising age, sex, blood type,
residence area, marital status, cigarette and alcohol
consumption, beverage of tea or coffee, and drug history.
Helicobacter pylori infection
The presence of H pylori infection was defined as both
positivity of rapid urease test and histology.
Anti-parietal cell antibodies (APCA)
Serum APCA was determined with indirect fluorescent
antibody tests employing the commercial kit FLUOROKITTM (DiaSorin Inc. Stillwater, USA) test systems utilizing
rat stomach for detection and differentiation of circulating
autoantibodies in human serum. Patient’s serum samples
were diluted in phosphate buffered saline and overlaid onto
tissue cryostat sections fixed on a microscope slide. If APCA
appeared in patients’ serum, stable antigen-antibody
complexes would be formed. The complexes bound
fluorescein labeled anti-human immunoglobulin. The
consequent positive reaction, observed with a properly
equipped fluorescence microscope, appeared as apple green
fluorescence.
Anti-Helicobacter pylori antibodies (AHPA)
Immunoglobulin G (IgG) antibodies to H pylori were measured
with an inhouse enzyme immunoassay (EIA). The antigen
employed was an acid glycine extract from H pylori strain
NCTC 11637. Absorbance readings were converted to
reciprocals of the end point titers.
Statistical analysis
Statistical tests were performed with SPSS system. The χ2
test or the Fisher exact test was used for nominal scale and
between groups. Two independent samples were compared
by the Student test or the Mann-Whitney/Wilcoxon rank
sum test. The stepwise logistic regression analysis was
performed with various items and a P value<0.05 was
considered to be significant.

RESUL
TS
RESULTS
Demographic data
The demographic data for all groups of patients are shown
in Table 1. The mean age of patients with gastric cancer
(68.8±13.7) and gastric ulcer (71.6±10.7) was significantly
higher than that in healthy controls (48.2±13.3). Males had
distinctively higher rates of gastric cancers than females.
(84% vs 45%, P<0.05) Patients with gastric ulcer had greater
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rates of smoking than controls. (71% vs 29%, P<0.05) No
significant differences emerged in other demographic
variables between patients with gastric cancer and controls.
Helicobacter pylori infection
H pylori infection was defined as, both positivity of rapid
urease test and histology. The positive rates of H pylori
infection of patients with gastric cancer (53%), gastric ulcer
(57%), and duodenal ulcer (75%) were notably higher than
in controls (24%, Table 2).
Anti-parietal cell antibodies (APCA)
The prevalence rates of APCA in patients with gastric cancer
(70%) and gastric ulcer (79%) were much higher than those
of controls (36%, P<0.05, Table 2). Host and bacterial
factors related to the presence of APCA in serum were
also evaluated. (Table 3) Old age ( 60 years) was the only
significant factor correlated with the presence of APCA.
Anti-Helicobacter pylori antibodies (AHPA)
The presence of AHPA was detected by serum IgG. The
investigation assessed host and bacterial factors associated
with the presence of AHPA in serum. (Table 4) No significant
difference was found between patients with and without
AHPA.
APCA and scores of histological gastritis (Figure 1)
All degrees of histological parameters of gastritis were graded
with a visual analog scale according to the Updated Sydney
System. The correlation between APCA and histological

gastritis is shown in Figure 1. For the histological parameters
in antrum, the scores of CIS and atrophy were significantly
higher in patients with positive APCA than in those with
negative APCA. For the parameters in corpus, the scores
of CIS, glandular atrophy, and intestinal metaplasia were
significantly higher in patients with positive APCA than in
those without. There were no significant differences in scores
of other parameters.
AHPA and scores of histological gastritis (Figure 2)
The correlation between AHPA and histological gastritis is
shown in Figure 2. For the histological parameters in antrum,
the scores for AIS, CIS, glandular atrophy, intestinal
metaplasia, and H pylori density were significantly higher in
patients with positive AHPA than in those without. (P<0.05)
For parameters in corpus, the scores of CIS and H pylori
density were significantly higher in patients with positive
AHPA than in those without. There were no significant
differences in other parameters.

Table 3 Host and bacterial factors related to the presence of antiparietal cell antibodies (APCA) in serum
Anti-parietal cell antibodies
Positive
(n = 80, %)
Age

Age (mean±SD) (yr)
Sex: male

2
DU
(n = 52, %)

3
GU
(n = 14, %)

4
GC
(n = 44, %)

48.2±13.3

51.2±14.3

71.6±10.7a

68.8±13.7a

19 (45)

34 (65)

10 (71)

37 (84)

a

A

15 (36)

13 (25)

6 (42)

12 (27)

B

11 (26)

16 (31)

2 (14)

11 (25)
17 (39)

O

13 (31)

21 (40)

5 (36)

AB

3 (7)

2 (4)

1 (7)

4 (9)

Smoking

12 (29)

19 (37)

10 (71)a

15 (34)

Daily alcohol use

4 (10)

5 (10)

4 (29)

6 (14)

Daily coffee use

6 (14)

3 (6)

1 (7)

2 (5)

17 (33)

5 (36)

8 (18)

11 (26)

A

P
Absolute difference
(95%CI)

48 (60)a

17 (24)

0.36 (0.22–0.51)

0.000

58 (73)

42 (58)

0.14 (–0.01–0.29)

0.07

23 (29)

23 (32)

–0.03 (–0.18–0.12)

0.67
0.99

B

21 (26)

19 (26)

–0.00 (–0.14–0.14)

O

32 (40)

26 (36)

0.04 (–0.12–0.20)

0.63

AB

4 (5)

4 (6)

–0.01 (–0.08–0.07)

0.88

Smoking

34 (43)

22 (31)

0.12 (–0.03–0.27)

0.13

Daily alcohol use

13 (16)

6 (8)

Daily coffee use

a

3 (4)
24 (30)

0.08 (–0.03–0.19)

0.14

9 (13)

–0.09 (–0.17–0.00)

0.05

17 (24)

0.06 (–0.08–0.21)

0.38

P<0.05 vs APCA (–) group.

Table 4 Host and bacterial factors related to the presence of antiH pylori antibodies (AHPA) in serum
Anti-H pylori antibodies
P

60 (yr)

1

Age

a

Sex (male)

HC: healthy control; 2DU: duodenal ulcer; 3GU: gastric ulcer; 4GC: gastric cancer.
P<0.05 vs healthy control group.

Negative
(n = 72, %)

Blood type

Daily tea use

Blood type

Daily tea use

60 (yr)

Sex (male)

Table 1 Baseline characteristics of all patients
1
HC
(n = 42, %)

4717

Positive
(n = 82, %)

Negative
(n = 70, %)

Absolute difference
(95%CI)

30 (37)

35 (50)

–0.13 (–0.29–0.02)

0.10

59 (72)

41 (58)

0.13 (–0.02–0.29)

0.08

Blood type

Table 2 Prevalence rate of H pylori infection and anti-parietal cell
antibodies among various groups of patients
1
HC
(n = 42, %)

2
DU
(n = 52, %)

3
GU
(n = 14, %)

4
GC
(n = 44, %)

A

25 (30)

21 (30)

0.00 (–0.14–0.15)

0.95

B

22 (27)

18 (26)

0.01 (–0.13–0.15)

0.88

O

31 (38)

27 (39)

–0.01 (–0.16–0.15)

0.92

AB

4 (5)

4 (6)

–0.01 (–0.08–0.06)

0.82

31 (38)

25 (36)

0.02 (–0.14–0.18)

0.79

13 (16)

6 (9)

0.07 (–0.03–0.18)

0.18

9 (11)

3 (4)

0.07 (–0.02–0.15)

0.13

24 (29)

17 (24)

0.05 (–0.09–0.19)

0.49

H pylori infection

10 (24)

39 (75)a

8 (57)a

23 (53)a

Smoking

5

15 (36)

23 (44)

11 (79)a

31 (70)a

Daily alcohol use

PCA

HC: healthy control; 2DU: duodenal ulcer; 3GU: gastric ulcer; 4GC: gastric cancer;
APCA: anti-parietal cell antibodies. aP<0.05 vs healthy control group.

1

5

Daily coffee use
Daily tea use
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Antrum

Antrum

a
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3.0
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Histological scores

Histological scores

3

2
a
1

AIS

CIS Atrophy

3

AHPA (+)

2.0
a

1.5

a

a

1.0

a

0.5

IM

AIS

Follicle HP density

a
2

a

1

a

CIS Atrophy

IM

IM
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Corpus
a

2
a
1

0
AIS

CIS Atrophy

3

Corpus
Histological scores

Histological scores

AHPA (-)

0.0

0

0

a

2.5

Follicle HP density

AIS

CIS Atrophy
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Figure 1 Correlation between anti-parietal cell antibodies (APCA) and histological
parameters of gastritis. (AIS: acute inflammatory score; CIS: chronic inflammatory
score; IM: intestinal metaplasia, HP: H pylori). aP<0.05 vs APCA(-).

Figure 2 Correlation between anti-H pylori antibodies (AHPA) and histological
parameters of gastritis. (AIS: acute inflammatory score; CIS: chronic inflammatory
score; IM: intestinal metaplasia, HP: H pylori). aP<0.05 vs APCA(-).

Multivariant logistic regression analysis (Tables 5 and 6)
Multivariant logistic regression analysis of factors affecting
severe atrophy (score of glandular atrophy >2) was also
executed. The only factor affecting severe atrophy in antrum
was positive AHPA and that in corpus was positive APCA.

DISCUSSION
Discovery of H pylori led to a widely accepted hypothesis
of a multi-step sequence that begins with gastritis and,
through atrophy, metaplasia, dysplasia, finally leads to gastric
cancer[15]. An odds ratio of 3.6 was reported for gastric
cancer among patients infected with H pylori vs those non-

infected[16]. The seropositive rate of H pylori infection ranged
from 65% to 84% in patients with gastric cancer[17]. In the
present study, the infection rate with H pylori was significantly
higher in the gastric cancer group (53%) than in controls
(24%). (P<0.05) The positive rate was lower than that
reported previously. The reason may relate to the strict
policy that presence of H pylori infection was defined as
both positivity of rapid urease test and histology.
Glandular atrophy and intestinal metaplasia have been
demonstrated to be linked with gastric cancer[5]. An earlier
study claimed that in patients with intestinal-type early gastric
cancer, more severe glandular atrophy and intestinal
metaplasia was noted in all biopsy sites of the stomach[18].

Table 5 Multivariant logistic regression analysis of factors influencing severe atrophy in antrum

Table 6 Multivariant logistic regression analysis of factors influencing severe atrophy in corpus

Variables

Variables

Exp(B)

SE

Wald

Sig
0.37

Exp(B)

SE

Wald

Sig

Age (yr)

1.0003

0.0165

0.0004

0.98

Age (yr)

1.0272

0.0301

0.7907

Sex

0.8724

0.5639

0.0586

0.81

Sex

3.1120

1.2611

0.8104

0.37

Blood_A

0.6916

0.5468

0.4547

0.50

Blood_A

0.5556

0.8903

0.4358

0.51

Blood_B

0.5688

0.5129

1.2106

0.27

Blood_B

0.5490

0.7726

0.6023

0.44

Blood_O

0.6418

0.5042

0.7736

0.38

Blood_O

0.3659

0.8854

1.2890

0.26

Blood_AB

1.1187

0.3705

0.0917

0.76

Blood_AB

0.6659

0.3478

1.3675

0.24

Smoking

1.0790

0.5127

0.0220

0.88

Smoking

1.0528

0.8430

0.0037

0.95

Alcohol

2.0850

0.6279

1.3694

0.24

Alcohol

3.3423

0.8884

1.8446

0.17

Coffee

1.352

0.8278

0.1328

0.72

Coffee

0.0003

1.4524

2.3234

0.13

Tea

0.9952

0.4880

0.0001

0.99

Tea

3.8250

0.8091

2.7494

0.10

1

2.8104

0.4768

4.6965

0.03

1

1.8250

0.8418

0.5106

0.47

2

1.5004

0.4863

0.6961

0.40

2

25.1000

1.3096

6.0565

0.01

AHPA
APCA
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However, another study revealed that both glandular
atrophy and intestinal metaplasia were more severe in distal
stomach [19,20]. The present study disclosed that scores for
glandular atrophy were statistically higher in antrum
and corpus of patients with gastric cancer. These results
imply that if glandular atrophy occurs, either in antrum or
corpus, the risk of developing gastric cancer is greater. The
investigation also discovered that scores of intestinal
metaplasia and CIS in antrum were significantly higher in
patients with gastric cancer. Scores of AIS, CIS, glandular
atrophy, intestinal metaplasia, and lymphoid follicles were
also higher in corpus. All these results imply that severe
degrees of CIS, glandular atrophy and intestinal metaplasia
may herald the development of gastric cancer.
Strickland and Mackay even reported in 1973 that APCA
was associated with chronic atrophic gastritis of corpus[21].
The levels of APCA expression are connected with the
histological degree of atrophy[9], whose presence closely
paralleled gastric atrophic status. In the present study, the
presence of APCA was significantly higher in patients
with gastric cancer than among controls. Evaluation of
the histological parameters revealed that the scores of
CIS, intestinal metaplasia and glandular atrophy were
markedly higher in patients with positive APCA, particularly
in corpus. Following multivariant logistic regression
analysis, positive APCA was the only significant factor
affecting severe atrophy in corpus. These results suggest
that the presence of APCA represents an early marker for
glandular atrophy in corpus and even for the development
of gastric cancer.
When assessing host factors related to the presence of
APCA, this study identified old age (>60 years) as the only
factor for developing APCA. Although host factors have
been thought important for the promotion of atrophic
gastritis, the factor that actually triggers these changes
remains unknown [22]. Results of this study suggest that
age may be the factor promoting atrophic changes.
However, the small sample size precludes a definite
conclusion at this stage.
The correlations between AHPA and histological gastritis
indicated that AHPA correlated well with AIS, CIS, glandular
atrophy, intestinal metaplasia, and H pylori density in the
antrum. (P<0.05) These correlation results conform to many
previous studies[23]. Following multivariant logistic regression
analysis, AHPA emerged as the only significant factor
affecting severe atrophy in the antrum. The occurrence of
AHPA may act as a predictive marker for glandular atrophy
in antrum.
Chronic atrophic gastritis is an independent risk factor
for gastric cancer. Timely recognition of these patients was
difficult without endoscopic biopsy. If any factor predicting
gastric atrophy can be found, these high-risk patients may
be diagnosed earlier. Patients with gastric cancer were found
to have higher prevalence of APCA and AHPA. (Table 2)
The existence of positive APCA correlates well with glandular
atrophy in corpus, whereas the presence of positive AHPA
correlates with atrophy in antrum. The results of the present
work imply that both APCA and AHPA can predict glandular
atrophy in corpus and antrum. However, this sample size is
small and large-scale age-matched prospective studies are
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awaited to determine the definite correlation between APCA,
AHPA and glandular atrophy.
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Abstract
AIM: To study the effect of proton pump inhibitor (PPI)
treatment on patients with reflux esophagitis and its in
vivo effect on apoptosis, p53- and epidermal growth factor
receptor (EGFR) expression.
METHODS: After informed consent was obtained, gastric
biopsies of the antrum were taken from patients with reflux
oesophagitis prior to and after 6 mo of 20 mg omeprazole
(n = 14) or 40 mg esomeprazole (n = 12) therapy.
Patients did not take any other medications known to affect
the gastric mucosa. All patients were Helicobacter pylori
negative as confirmed by rapid urease test and histology,
respectively. Cell proliferation, apoptosis, EGFR, and p53
expression were measured by immunohistochemical
techniques. At least 600 glandular epithelial cells were
encountered and results were expressed as percentage
of total cells counted. Was considered statistically significant.
RESULTS: Although there was a trend towards increase
of cell proliferation and EGFR expression both in omeprazole
and esomeprazole treated group, the difference was not
statistically significant. Neither apoptosis nor p53 expression
was affected.
CONCLUSION: Long-term PPI treatment does not
significantly increase gastric epithelial cell proliferation
and EGFR expression and has no effect on apoptosis and
p53 expression.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Long-term PPI therapy is suggested to be the best treatment
for gastro-esophageal reflux disease. Administration of PPI
causes profound and continuous hypochlorhydria by
selective inhibition of the proton pump (H+/K+-ATPase)
in gastric parietal cells[1]. It has been shown in animal studies
that long-term omeprazole treatment reversibly increases
epidermal cell proliferation and suppresses its differentiation
in rats[2,3].
Apoptosis normally plays a role complementing proliferation and is also considered to be essential for the maintenance
of gastro-intestinal homeostasis and health[4]. Disturbance
in the balance between these two processes may predispose
to either cell loss with mucosal damage or cell accumulation
and cancer development[5].
However, several studies have investigated the effects of
omeprazole on gastric mucosa, but there is no information
available about the effect of the first single-isomer, esomeprazole, on gastric epithelial cell proliferation, apoptosis, p53and EGFR expression.
The proliferating cell nuclear antigen (PCNA) technique
is an accepted method for measurement of cell proliferation.
PCNA is the co-factor of DNA-polymerase and can be
detected mostly in the late G1 and S phases, but it is also
present in every phase of the cell cycle.
The terminal deoxynucleotidyl (TdT)-mediated deoxyuridinetriphosphate (dUTP) nick end labelling (TUNEL)
method has been accepted for the detection of apoptotic
cells[6].
Abnormalities in p53 expression represent the most
common molecular change not only in cancer, but also in
precancerous gastric lesions, including gastric dysplasia[7,8].
An increased wild-type p53 expression may also represent a
cellular response to DNA damage.
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Epithelial growth factor (EGF) is a potent mitogenic
peptide, which plays a crucial role in promoting gastric
epithelial cell migration, proliferation and differentiation.
The increased local production of EGF leads to over
expression of EGFR[9-11].
The aim of the present study was to measure the cell
turnover (cell proliferation and apoptosis), p53- and EGFR
expression by immunohistochemistry in gastric biopsy samples
during long-term omeprazole and esomeprazole treatment.

MA
TERIALS AND METHODS
MATERIALS
Patients
To analyze the effect of PPI therapy on cell kinetics pattern
of the gastric mucosa, we studied patients with gastroesophageal reflux disease. A total of 26 patients (14 males
and 12 females, mean age 46.2±16.5 years) took part in
the study. All patients gave written informed consent.
Biopsies were taken in each subject during upper
endoscopy from the antrum (lesser curvature, 3 cm from
the pylorus). Additional biopsies were taken during endoscopy
for the histological evaluation of their Helicobacter pylori
(H pylori) status[12].
Patients were treated in an open label study continuously
with omeprazole (20 mg/d) or esomeprazole (40 mg/d)
for 6 mo. Fourteen patients were on omeprazole and 12
patients on esomeprazole therapy.
Patients did not receive any other medication known to
affect the gastric mucosa, but stable medication for hypertension
or other diseases such as hypercholesterinemia, non-insulin
dependent diabetes mellitus, etc. was allowed.
Patients were classified by the Los Angeles classification
(15 patients had grade A, and 11 had grade B). None of
the patients had Los Angeles grades C, D, or Barrett
esophagus. Exclusion criteria were active H pylori infection
and presence of intestinal metaplasia, since it has been
established in previous studies that gastric epithelial cell
proliferation is enhanced, if intestinal metaplasia or H pylori
infection is present[13-15]. Since histology may miss initial focal
microscopical lesions of intestinal metaplasia, small intestine
mucus antigen (SIMA) and large intestine mucus antigen
(LIMA), each indicates intestinal metaplasia in the gastric
biopsy samples, were measured by immunohistochemical
technique in all samples. To exclude H pylori infection, in
addition to histology, both rapid urease test during
endoscopy and urease breath test were performed.
Biopsies taken at 0 and 6 mo in both the omeprazoleand esomeprazole-treated groups were assessed.
Neither patients treated with omeprazole nor patients
on esomeprazole therapy had endoscopic changes in the
stomach or duodenum or H pylori infection when biopsy
was taken. No intestinal metaplasia was found in the samples.
For immunohistochemistry, all biopsy specimens were
fixed in buffered formalin and embedded in paraffin. Four
micron thick sections were cut and mounted on glass slides.
Proliferation-PCNA immunohistochemistry
The four micron thick tissue sections were dewaxed and
rehydrated. Antigen unmasking was carried out in citrate
buffer pH 6.0 by microwave heat treatment (3 min 750 W
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and 3 min 370 W), and samples were cooled down in PBS
for 20 min. Endogenous peroxidase activity was blocked
by incubation for 30 min at room temperature in 3%
hydrogen peroxide. After being washed thrice in PBS for
3 min, the slides were incubated with optimally diluted PCNA
antibody (Clone: PC10, DAKO) for 15 min at room
temperature in a humidified chamber. After being washed
thrice in PBS, signal conversion was carried out with the
LSAB2 system (DAKO: K0672) as described in the manual.
Hematoxylin co-staining was done.
Apoptosis-TUNEL immunohistochemistry
After deparaffinization in xylene and rehydration through
graded ethanol, antigen unmasking was carried out in citrate
buffer pH 6.0 by microwave heat treatment (5 min 750 W),
and samples were cooled down in PBS for 20 min. Samples
were digested with nuclease free proteinase K for 20 min at
room temperature. After being washed twice in PBS, samples
were covered with 30 µL TUNEL dilution label and 50 µL
TUNEL reaction mixture (5 µL Tdt enzyme solution and
45 µL dUTP label solution). Samples were incubated for
120 min at 37 in a dark humidified chamber. After being
washed thrice in PBS, endogenous peroxidase activity was
blocked by incubation for 30 min in 3% hydrogen peroxide
at room temperature in a dark humidified chamber. After
being washed twice in PBS, non-specific blocking was carried
out with 1% BSA-PBS solution for 10 min at room
temperature in a dark humidified chamber. After redundant
BSA was removed with pipette, samples were covered with
50 µL converter-POD antibody and incubated for 60 min at
in a dark humidified chamber. After being washed
37
thrice with PBS, 50 µL DAB solution (5 µL DAB substrate
and 45 µL peroxide buffer) was added to each sample and
signal conversion was checked by light microscopy. Finally,
haematoxylin co-staining was done.
P53 immunohistochemistry
The four micron thick tissue sections were deparaffinized
in xylene, rehydrated through graded ethanol. Antigen
unmasking was carried out by microwave heat treatment
(samples in plastic jars containing citrate buffer pH 6.0 were
put into a preheated (95-99 ) plastic water bath and heated
with 500 W for 15 min), and samples were cooled down in
PBS for 20 min. Endogenous peroxidase activity was
blocked by incubation for 30 min at room temperature in
3% hydrogen peroxide. After being washed thrice in PBS
for 3 min, the slides were incubated with optimally diluted
p53 antibody (Clone: DO-7, DAKO) at 37 for 30 min in
a humidified chamber. After being washed thrice in PBS,
signal conversion was carried out with the LSAB2 system
(DAKO) as described in the manual. Hematoxylin co-staining
was done.
EGFR immunohistochemistry
After deparaffinization, antigen unmasking was carried out
by nuclease free proteinase K digestion for 20 min at room
temperature. After being washed twice in PBS, endogenous
peroxidase activity was blocked by incubation for 30 min at
room temperature in 3% hydrogen peroxide. After being
washed thrice in PBS for 3 min, non-specific blocking was
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done with 1% BSA-PBS solution for 10 min at room
temperature. Then, the slides were incubated with diluted
EGFR antibody (1 µL EGFR antibody and 40 µL PBS) (Clone:
H-11, DAKO) at 37 for 60 min in a humidified chamber.
After being washed thrice in PBS, signal conversion was
carried out with the LSAB2 system (DAKO) as described
in the manual. Hematoxylin co-staining was done.
Counting
Known immunohistochemically-positive tissue sections were
used as positive controls, and negative control sections were
processed immunohistochemically after the primary
antibody was replaced by PBS. None of these control
sections exhibited immunoreactivity.
Axially, at least 800 (mainly 1 000) crypt epithelial cells
within well-oriented crypts were counted in each sample
under light microscope (40X objective). The labelling index
(LI) was defined as a percentage of the positive nuclei over
the total nuclei counted. The evaluation of staining intensity
(i.e. number of positive cells) for PCNA, TUNEL, p53 and
EGFR was performed by two investigators independently,
without knowledge of the histology and the results of the
other investigator. There was less than 5 % variance between
the results of two counts.
SIMA, LIMA immunohistochemistry
The four micron thick tissue sections were dewaxed and
rehydrated, reacted with anti-SIMA and -LIMA mAbs,
stained by indirect immunoperoxidase methods, and
counterstained with hematoxylin, including appropriate
controls. The deparaffinized sections were blocked with
5% BSA (diluted in PBS) for 5 min, drained and incubated
with the diluted mouse antibodies for 20 min. After two
5-min washings with PBS, the sections were covered
with horseradish-peroxidase-labelled rabbit anti-mouse
immunoglobulin (Serotec, UK), then washed twice for 5 min
with PBS. Sections from all blocks were also stained with
hematoxylin-eosin (H&E) for 2-10 min.
The immunoperoxidase-stained slides were then viewed
under a light microscope, and assessed under code, by two
observers. Scores of 0-3 were assigned to intensity of reactivity
(weak, 1; moderate, 2; strong, 3) and distribution (restricted,
<25% positive, 1; patchy, 25-75%, 2; and diffuse, >75%, 3)
for each of the antibodies, in serial sections of specimens.

LI (%)

Statistical analysis
Statistical analysis with one-way ANOVA, LSD test and

0.6

Omeprazole

0.5

Esomeprazole
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correlation analysis were performed by the Statistica for
Windows 4.3 program package. P<0.05 was considered
statistically significant.

RESUL
TS
RESULTS
Proliferation index, apoptosis, p53- and EGFR expression
prior to and after 6 mo of omeprazole or esomeprazole
therapy are shown in Tables 1 and 2, respectively.
Table 1 Effect of long-term omeprazole therapy on gastric epithelial
cell kinetics (mean±SD)
Omeprazole (n = 14)
Endoscopy (mo)

0

6

40.9±13.8

54.1±16.6

Apoptosis (%)

45.3±8.7

49.5±10.3

P53 (%)

28.7±4.3

28.9±12.7

EGFR (%)

17.6±11.9

21.9±7.9

Proliferation index (%)

Table 2 Effect of long-term esomeprazole therapy on gastric epithelial
cell kinetics (mean±SD)
Esomeprazole (n = 12)
Endoscopy (mo)
Proliferation index (%)
Apoptosis (%)
P53 (%)
EGFR (%)

0
39.6±8.7
43.5±9.8
29.2±10.7
16.8±8.1

6
52.8±10.4
48.9±9.8
29.6±11.5
22.3±8.1

There was no difference between the effects of omeprazole
and esomeprazole therapy on gastric epithelial cell kinetics
(Figure 1). There was no statistically significant difference
in any of the investigated parameters between the samples
taken at the beginning and those taken after 6 mo of PPI
treatment. Cell parameters were not significantly affected
by age and sex (data not shown).
Although there was a trend towards increase of cell
proliferation and EGFR expression in both omeprazoleand esomeprazole-treated groups, the difference was not
statistically significant.
We found alterations only in the localization of
immunohistochemical staining density prior to and after PPI
therapy.
In a non-affected normal gastric mucosa, the greatest
density of PCNA positive cells was found in the neck cell
compartment (Figure 2). The greatest increment in cell

0.4
0.3
0.2
0.1
0.0
Proliferation Apoptosis

P53

EGFR

Figure 1 No difference between the effects of omeprazole and esomeprazole
on cell turnover of gastric mucosa.

Figure 2 Greatest density of PCNA positive cells (brown colored cells) found
in neck cell compartment of non-affected gastric mucosa (400x magnification).
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Figure 3 Greatest increase in PCNA positive cells (brown colored cells) observed
in gland compartment of gastric mucosa after PPI therapy (400x magnification).

Figure 4 Positive EGFR immunoreactivity (brown color) in parietal cells and
mucus neck cells of fundic glands (200x magnification).

proliferation in response to PPI therapy, occurred in the
gland compartment of the gastric mucosa. The increase
was limited to the deepest portions of the crypts (Figure 3).
In both, prior to and after PPI administration, parietal cells
did not express PCNA.
In a non-affected normal gastric mucosa, positive EGFR
immunoreactivity was observed in parietal cells and mucous
neck cells of the gastric fundic glands. EGFR was localized
to the basolateral cell membrane, but not to the apical luminal
membrane (Figure 4). After PPI administration, a strong
positive EGFR immunoreactivity was observed at the
basolateral membrane, in cytoplasm and supranuclear area
of mucosal cells (Figure 5A). Positive EGFR expression
was also found in some parietal cells (in cytoplasm and
plasma membrane), but it was generally weaker compared
to the neck cells (Figure 5B).
No dysplasia was observed after 6 mo of follow-up in
any of the patients receiving either omeprazole or esomeprazole
therapy.

treatment reversibly increases epithelial cell proliferation and
suppresses its differentiation[2,3]. In other studies, however,
neither cell proliferation is higher [17,18], nor increased
gastrinoma or other tumor formation is observed during
long-term PPI treatment[19]. Additional data suggest that gastrin
enhances growth of normal and malignant colonic cells in
vitro and may be linked to the development of colorectal
cancer[20-24]. On the other hand, animal and clinical studies
do not support the role of omeprazole-induced hypergastrinemia in gastro-intestinal neoplasia development[25,26] and
no increased incidence of colon cancer has been found in
patients with either pernicious anemia or gastrinomas[27-29].
The risk of hypergastrinemia induced by long-term
PPI therapy is still ambiguous and of concern to many
clinicians.
This study analyzed the gastric epithelial cell kinetics in
patients with gastro-esophageal reflux disease during longterm PPI treatment using immunohistochemical techniques.
We investigated the effect of two different proton pump
inhibitors: omeprazole and esomeprazole.
Although esomeprazole has a higher bio-availability than
omeprazole and provides more pronounced inhibition of
acid secretion compared to all other clinically available
proton pump inhibitors, we found no difference between
these drugs in terms of their effects on the gastric epithelium.
Our results confirmed the previous observations[17,18]
that cell proliferation is not significantly altered during
long-term PPI therapy. Although there was a trend towards
increase of both cell proliferation and EGFR expression,
the difference was not statistically significant. Previous studies

DISCUSSION
Maintaining cell turnover is a key feature in organs with
high metabolism such as the gastric mucosa. Higher cell
turnover may lead to tumor formation while the suppressed
state results in ulcer development[4].
Omeprazole-induced potent acid suppression may lead
to sustained and profound hypochlorhydria, which is often
associated with hypergastrinemia[16]. In majority of animal
studies, it has been shown that long-term omeprazole

A

Fiure 5 EGFR immunostaining (A) and immunoreactivity (B) after PPI therapy

B

(200×magnification).
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have indicated that PCNA positive cells are nearly always
positive for EGFR[10]. The accompanied increase of EGFR
expression to a higher PCNA activity in this study has
therefore been expected.
The fact that the trend towards increase in gastric cell
proliferation and EGFR expression is not accompanied with
a parallel increase in apoptosis and p53 expression also
supports the conclusion that there is no significant change
in cell turnover during chronic administration of any PPI.
No dysplasia or neoplasia was observed in any of the
samples obtained during this study.
In the present study, in a non-affected normal gastric
mucosa, positive EGFR immunoreactivity was identified in
the mucous neck cells and parietal cells of the fundic glands,
and the staining was localized only on the basolateral cell
membrane, which is in agreement with previous studies[3,11].
Gray et al.[3], suggested that the greatest increment in
cell proliferation in response to the increased gastrin drive
occurs in the gland compartment of gastric mucosa. Our
findings have confirmed their observations. After long-term
PPI administration, we observed the greatest increase in
PCNA positive cells mainly in the gland compartment.
Although there is a proportionally greater increase in
proliferation in the gland compartment compared to that in
the mucous neck cell compartment, the neck cell compartment
remains the main source of new cell formation.
Several studies have shown an intense EGFR expression
during ulcer healing[10,11]. In our study, after administration
of PPI a strong positive EGFR immunoreactivity was
observed predominantly in some mucous neck cells of the
proliferative zone compared to the weaker staining density
in parietal cells. The EGFR immunoreactivity was localized
not only on the basolateral membrane of these cells, but
also appeared in cytoplasm and supranuclear area.
EGFR is a good immunohistochemical marker for the
detection of altered gastric epithelial cell function. The
presence of EGFR on cells of the proliferative zone clearly
indicates that they are the targets for the proliferationstimulating action of EGF.
Parietal cells express EGFR but not PCNA. Presence
of EGFR in the parietal cells is not associated with cell
proliferation, but is consistent with a potent inhibitory action
of EGF on gastric acid secretion.
We demonstrated that long-term PPI treatment did not
significantly increase gastric epithelial cell proliferation and
EGFR expression and had no effect on apoptosis and p53
expression. We found alterations only in the localization of
immunohistochemical staining density during chronic PPI
administration.
Our results have confirmed the previous observations
that cell proliferation is not significantly altered during longterm PPI therapy. In addition no alterations in cellular
response and no disturbance in the balance between cell
proliferation and apoptosis are found, the maintenance of
gastro-intestinal hemostasis is ensured and there is no risk
for progression of hyperplasia to dysplasia in patients during
chronic PPI administration.
These data suggest that 6-mo treatment with proton
pump inhibitors is not associated with cell proliferation
abnormalities of the gastric antral mucosa, which is a further
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argument for the safety of PPIs.
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Abstract
AIM: To determine the prevalence of porcine endogenous
retrovirus (PERV) in various pig breeds raised in China
including Chinese experimental mini-pigs by PERV-reverse
transcriptase (PERV-RT enzyme). Moreover, the potential
for infection of PERV was investigated in patients treated
with a bioreactor based on porcine liver cells (n = 3).
METHODS: Pig serum, liver and muscle cell-free supernatants
were collected from various Chinese pig breeds. Porcine
hepatocytes were isolated with a two-step perfusion
method. Three patients with acute or chronic liver failure
were treated with a bioartificial liver support system
(BALSS) for 8-12 h and serum samples were collected
from the patients before, immediately after and 30 d after
treatment.
RESULTS: The activities of PERV-RT enzyme in pig liver
and muscle cell-free supernatants were higher than in
normal human controls. PERV-TR enzyme activity did not
increase in patients before and after 1 mo of treatment.
PERV-RT activities were not significantly different when
compared with pre-treatment group (1.544±0.155576), the
post-treatment groups (1.501±0.053507, 1.461±0.033808
and 1.6006667±0.01963 for 0, 14 and 30 d post-treatment,
respectively, P>0.05), and normal control group (1.440±
1.0641, P>0.05). RT enzyme activity in Chinese experimental
mini-pigs was higher than in normal human control group
(1.440±1.0641 U/mL, P<0.05), and not significantly
different (P>0.05) when compared with the pig breeds
except in the muscle supernatants. All the samples
including muscle and liver cell supernatants from the
Chinese mini-experimental pigs and the four domestic
Chinese pig breeds contained PERVs.
CONCLUSION: These results suggest that the risk of
PERV infection through BALSS containing porcine liver cells
without immunosuppressants may be quite low. Although

there were PERVs in Chinese experimental mini-pigs and
porcine liver cell culture suspensions, we did not find any
evidence of persistent PERV infection in patients treated
with this porcine hepatocyte-based bioartificial liver.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Acute or chronic liver failure is still one of the most
challenging clinical syndromes in modern medicine. Survival
rate in patients with acute or chronic liver failure caused by
hepatitis B virus (HBV) is less than 20%[1]. Various nonbiological approaches including plasma exchange,
hemodialysis and hemofiltration have had limited success,
presumably because of the role of the synthetic and
metabolic functions of the liver that are inadequately
replaced in these systems. The liver is an organ with an
extensive regenerative potential and has a remarkable
capacity to meet replacement demands of cellular loss[2] If
a system is designed to maintain normal liver functions for
a bridging period until liver transplantation or liver recovery,
then the survival rate of patients with acute liver failure
(ALF) could be dramatically improved. Bioartificial liver
support systems, which combine living cells of the liver in
an extracorporeal circuit, have been successfully used in
primary clinical trials and serve as a potent therapy and
bridge to liver transplantation[3]. The shortage of human
organs to be used for bioreactors and the lack of safe and
effective human liver cell lines have resulted in pigs
becoming an important hepatic cell source. Primary porcine
hepatocytes are most commonly used in devices undergoing
pre-clinical and clinical evaluation. However, using these
cells may be associated with the risk of transmission of
PERVs[4]. PERVs are present in the genome of all pigs and
are able to infect human cells in vitro [5]. However, the
prevalence of PERV in Chinese pig breeds and whether
PERVs infect patients who undergo bioartificial liver
treatments based on Chinese experimental mini-pig liver
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cells remains unclear. The objective of the study was to
detect the prevalence of PERVs in the serum, liver and
muscle cell-free supernatants of different pig breeds and in
the serum of patients with acute or chronic liver failure,
treated with a bioreactor based on porcine liver cells

MA
TERIALS AND METHODS
MATERIALS
Samples collection and treatment
Pig liver and muscle cell-free supernatant collection
Muscle and liver samples (20 g) were collected from three
Chinese experimental mini-pigs (the Institute of Experimental
Animals, Beijing Agriculture University, China), weighing
10-15 kg each and from four domestic Chinese pigs of
different breeds (Taihu pig, Wuzhishan pig, Dabai pig and
Dahei pig-Beijing pig market), weighing approximately
60 kg each. The samples were taken and ground, pulverized
with an SPS-3 Ultrasonic Pulverizer (working frequency
23 kHz; pulse 50% for 5 min). The pulverized samples
were collected and centrifuged for 3 min at 80 r/min at
room temperature. The cell-free supernatant was collected
and resuspended in a solution provided by the C-type RT
activity kit (Cavidi Tech AB, Uppsala, Sweden). The solution
was then incubated for 30 min at room temperature and
until used.
stored at -70
Serum samples collection Serum samples (1.5 mL) were
collected from domestic Chinese pigs (n = 4) and Chinese
experimental mini-pigs (n = 3). Human serum samples
(1.5 mL) were collected from normal adult controls (n = 4)
and from patients (n = 3) undergoing bioartificial liver
treatments with samples taken at pre-treatment, d 0, 14
and 30 post-treatment. All serum samples were stored at
until used.
-70
Liver cell isolation
Pig hepatocytes were harvested from three Chinese
experimental mini-pigs using a two-step in situ collagenase
perfusion technique that was modified from the original
method developed by Aiken [6]. The pig was initially
anesthetized with ketamine (40 mg/kg). The liver was
first perfused in vivo with oxygenated perfusion solution I
(143 mmol/L sodium chloride, 6.7 mmol/L potassium
chloride, 10 mmol/L Hepes, and 1 g/L EDTA, pH 7.4) at
300 mL/min for 20-40 min. The liver was then perfused
ex vivo at 300 mL/min with oxygenated perfusion solution
II (100 mmol/L Hepes, 67 mmol/L sodium chloride,
6.7 mmol/L potassium chloride, 4.8 mmol/L calcium
chloride, 10 mL/L bovine albumin, and 1 g/L collagenaseD (Sigma), pH 7.6). Once the liver was visually dissolved
(after 20-30 min), it was broken and irrigated with cold
William’s E medium (Gibco) supplemented with 15 mmol/L
Hepes, 0.2 U/mL insulin, 2 mmol/L L-glutamine (Gibco),
100 U/mL penicillin, and 100 mg/mL streptomycin. The
released cells were filtered through nylon mesh with 100-µm
openings and washed via three centrifugations (50 r/min)
and resuspended in William’s E medium. Viability for the
harvests as determined using trypan blue exclusion ranged
from 90%.to 95%.
Patients
Three patients (2 males, 1 female, age 32-54) suffering from
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acute on chronic liver failure were recruited into the study.
Informed consent was obtained from all the patients or
their relatives and approved by the Beijing Youan Hospital
Ethics Committee. All the patients involved in the study
were treated with HBL (Cell Biotech Bioartificial Liver BIOLIV
A3 device) in our center from March 2000 to June 2001.
The criteria [7] for acute or chronic liver failure are as
follows: (1) Evidence of chronic liver disease (chronic
hepatitis and cirrhosis; cutaneous features of chronic liver
disease; investigations demonstrating splenomegaly and
hypoalbuminemia; evidence of chronic hepatitis/cirrhosis;
chronic HBV carrier status by liver biopsy; chronic HBV/
HCV overlapping with HAV, HDV, HEV or other viral
infection). (2) All of the following: Prolonged prothrombin
time and PTA<40%, bilirubin rise >17.1 µmol/L per day
or total bilirubin >171 µmol/L, Grade III/IV hepatic
encephalopathy and ascites alone, or both simultaneously.
PERV-RT activity
Liver and muscle cell-free supernatants and serum samples
filtered through membranes (0.45-µm pore size) were
analyzed for RT activity using the C-type RT activity assay
(Cavidi Tech AB, Uppsala, Sweden) according to the
instructions of the manufacturer (protocol B). One hundred
and sixty microliters of sample dilution buffer was added
to all wells of 96-well microtiter plate. Then 40 µL of various
samples was added to wells. A series of MuLV RT standard
dilutions served as the positive controls, with normal human
serum and sample dilutions as the negative controls. The
PolyA Plate was sealed with adhesive tape. The plate was
for 3 h for the first plate and overnight
incubated at 33
for the second plate on an orbital shaker set at gentle
agitation. The PolyA Plate was washed according to the
protocol. Residual fluid in the wells was removed by tapping
the plate upside down on absorbing cloth or paper. Two
hundred microliters of AP substrate solution was added to
each well of the PolyA plate and incubated at room
temperature under dark cover on an orbital shaker set at
gentle agitation. The filter of the plate reader was set at
405 nm. The absorbance of every well in the plate was read.
Statistical analysis
Data were expressed as the mean±SD. An unpaired
Student’s t test was used to compare mean between two
groups and ANOVA was used for multiple comparisons.
P<0.05 was considered significant.

RESUL
TS
RESULTS
Yield and survival rate of porcine hepatocytes
Freshly isolated porcine hepatocytes were assessed for
viability and function by trypan blue dye exclusion. The
yield of cells was 5×109 cells/liver and cell viability was
(95±5)%. During HBL treatment, porcine hepatocyte
viability was monitored every 30 min and viability was
maintained at 80%.
Enzymatic activity of PERV-RT
Standard curve and regression analysis The regression
line was calculated with the use of SPSS10.0 software. A
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Table 1 PERV-RT activities of patient’s sera and Chinese experimental mini-pig tissues (U/mL)
Pre-treatment

0 d after treatment

14 d after treatment

Patient 1
Patient 2

1.366
1.612

1.540
1.440

1.500
1.440

Patient 3
Mean±SD

1.654
1.544±0.1555761

1.523
1.501±0.0535071

1.443
1.461±0.0338081

Normal control (Mean±SD)

1.441±0.102

1.451667±0.1198012

1.525667±0.0850312

30 d after treatment
1.612
1.612
1.578
1.6006667±0.019631
1.468333±0.0850312

PERVs-RT activities before treatment were not significantly different when compared with post-treatment; 2normal control groups (P>0.05).

1

strong correlation was found between absorbance (A 405)
and the various concentrations of MuLV RT standard
dilution (Figure 1). The regression equation was obtained
as follows: Y = 0.098 617-0.131 297X, the relative coefficient
(r) was 0.954 91, the regression coefficient comparison was
done by an unpaired Student’s t test (t = 3.795, P<0.0035)
and both the absorbance and concentrations of MuLV RT
were linear. RT activity for wells giving an A 405 within the
linear measuring range of the reader was determined by
taking the A values of the samples into the regression
equation. The results of each sample’s RT activity are
shown in Tables 1 and 2.

3.6375±0.523983 U/mL in liver cell-free supernatants and
3.0425±0.378979 U/mL in serum, respectively. Serum RT
activity in the Chinese experimental mini-pigs was higher
than in normal human control group 1.440±1.0641 U/mL
(P<0.05), but not significantly different from the domestic
pig breeds (P>0.05). RT activity in the muscle cell-free
supernatant in the Chinese experimental mini-pigs was higher
than that of the domestic pig breeds (P<0.05) (Table 2). All
of the samples including muscle and liver cell-free
supernatants from either the Chinese mini-experimental pigs
or the four domestic Chinese pigs demonstrated high
PERV-RT activity, implicating that PERVs not only existed
in these tissues but was also actively replicating.

Y1.30
1.0

Table 2 PERV-RT activities of pig tissues of Chinese experimental
mini-pig and domestic pig breeds (U/mL)

0.8

Muscle
supernatants

0.6
Observed
0.4
Linear
0.2
0.0
-1
X

0

1

2

3

4

5

6

7

Figure 1 Correlation between absorbance of A 405 (Y) and the various
concentrations of MuLV RT standard dilution (X).

PERV-RT activities in patients’ serum and Chinese experimental
mini-pig tissues
Serum RT activities result from the three patients were:
1.544±0.155576 pre-treatment, 1.501±0.053507 at 0 d
post-treatment, 1.461±0.033808 at 14 d post-treatment and
1.6006667±0.01963 at 30 d post-treatment. The difference
of PERV-RT activities was not significant between the
pre-treatment, post-treatment and normal control groups
(Table 1). The patients treated for acute hepatic failure with
a bioreactor based on porcine cells were shown to be free
of PERV infections, with a follow-up period of 1 mo.
PERV-RT activities of pig tissues from Chinese experimental
mini-pigs and domestic pig breeds
RT activities results from the Chinese experimental minipigs were 2.443333±0.09609 U/mL in muscle cell-free
supernatants, 2.256667±0.188237 U/mL in liver cell-free
supernatants and 2.503333±0.032146 U/mL in serum,
respectively. RT activities in the four domestic pig breeds
were 3.645±0.205 U/mL in muscle cell-free supernatants,

Liver
supernatants

Serum

Chinese experimental
2.34
2.04
2.49
mini-pig 1
Chinese experimental
2.53
2.35
2.48
mini-pig 2
Chinese experimental
2.46
2.38
2.54
mini-pig 3
mean±SD
2.443333±0.09609a 2.256667±0.188237a 2.503333±0.032146a
Taihu pig
4.0
3.4
3.44
Wuzhishan pig
3.7
4.3
2.56
Dabai pig
3.49
3.08
2.95
Dahei pig
3.39
3.77
3.22
mean±SD
3.4950±1.43875
3.6375±0.523983
3.0425±0.378979
Human normal control
1.440±1.0641
a

P<0.05 vs normal human control group.

DISCUSSION
According to the literature published from 1964 to 2000, a
total of 270 patients worldwide with acute, sub-acute or
chronic liver failure have been treated by 527 extracorporeal
liver perfusions in 49 medical centers with livers from six
different animal species, the pig being the most frequently
used source[8]. In addition, swine organs are amongst the
most likely source species of xenografts for clinical use to
date[9-12]. The extracorporeal pig liver perfusion might provide
the opportunity for a virus to evolve into a pathogen that
can be transmitted from one individual to another efficiently
enough to create a new epidemic disease. PERVs are a special
risk, because they are part of the normal genetic material
of mammalian cells except humans. Laboratory assays have
been developed which target many aspects of the PERV
replication/transmission cycle: PERV pro-viral DNA
sequences, mRNA expression, RT activity, and the presence
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of proteins, as well as the detection of anti-PERV immune
responses[13-15]. Among various assays, only enzymatic RTactivity is highly sensitive and specific for all PERV-A,
PERV-B and PERV-C types, since RT is a generic marker
of retroviruses. The presence of RT activity can be used
to identify the presence of virus particles and, failure to
detect it in these patient’s sera points to the absence of any
other, unrecognized retrovirus of porcine origin[16].
This study showed that the RT activities from four
domestic pig breeds were 2.445 U/mL in muscle cell-free
supernatants, 2.508 U/mL in liver cell-free supernatants
and 2.264 U/mL (range 2.048-2.387 U/mL) in serum
respectively. All samples from the Chinese experimental
mini-pigs and four domestic pig breeds contained PERVs
that actively replicated in the tissues.
Breeding and keeping pigs under specific-pathogen-free
or qualified-pathogen-free conditions is generally assumed to
reduce the potential risk of transmitting exogenous viral,
bacterial, fungal, and parasitic agents by xenotransplantation.
Viral transmission, in a particular PERV is still a major obstacle,
since PERVs are capable of infecting human cells in vitro. In a
worse scenario, it is feared that PERV transmission to humans
might be the starting point of a man-made pandemic threatening
the health not only of BLASS patients, but also of the general
public. A recent example of a rapid worldwide spread of an
animal-borne disease was highlighted with the outbreak of
severe acute respiratory syndrome (SARS), which spread in
a matter of weeks from mainland China and Hong Kong to
Vietnam, Singapore, Australia, Europe, and North America.
This virus was the “common cold” virus of the Himalayan
masked palm civet, an exotic species sold at live-animal markets
in southern China where their meat is considered as a traditional
delicacy. The transmission of SARS from animal to humans
was traced back to civet chefs from Guangdong Province
who contracted the disease, while handling infected meat.
The diameter of the 3A bioreactor membrane pore is
about 200 nm and the diameter of PERV RNA is about
100 nm. Thus, it is quite possible for the PERV to pass through
the bioreactor membrane. However, we did not find any
evidence of infection with PERV in the patient’s serum
soon after treatment or within 1 mo of follow-up. Like all
investigations published to date, in patients who have been
treated with porcine cells, tissues and organs, there has been
no evidence for PERV infection. Although the results are
encouraging, it has to be stated that the human immune
system through a variety of specific and non-specific
mechanisms can clear PERV particles effectively. As humans
do not express functional α1, 3-galactosyl transferase, high
titers of natural anti-gal-antibodies develop in their circulation
because of continuous contact with gal-α1, 3-gal bearing
microorganisms. These pre-formed or natural antibodies also
effectively neutralize the α-gal-bearing γ-retroviruses including
PERV. Since PERVs are produced by pig cells that have
gal-α1, 3-gal-epitopes, they are sensitive to serum-mediated
virolysis via the classical complement pathway in vivo. Thus, if
immunosuppressed patients are treated with porcine liver cell
bioreactor therapy then the potential risk of PERV infection
will enhance. In this study the patient’s sera were not in direct
contact with the pig cells and the time of treatment was limited
to only 8-10 h. Clearly, with an increase in the duration of
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treatment by BLASS, the potential for PERV transmission
will also increase. Therefore, it remains to be determined
whether PERV transmission might occur in future trials and
necessitates the continuation of strict monitoring regimens.
The ability to monitor clinical trials closely using these assays
will be of great benefit to the microbiological safety of clinical
BLASS and xenotransplantation. This study sets one possible
standard for laboratory surveillance of PERV infection after
exposure to cellular xenografts from pigs.
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Abstract
AIM: To investigate the prevalence of advanced polyps in
asymptomatic Chinese and to determine the risk of
proximal advanced colonic polyps in subjects with and
without polyps in the distal colon.
METHODS: Data were collected prospectively during
colonoscopic examinations performed in 5 973 subjects as
part of health evaluation at our unit from December 1997
to December 2003. Polyps were considered advanced, if
they were larger than 10 mm or were tubovillous, villous
or malignant. Proximal colon was defined as the splenic
flexure and more proximal portions of the colon.
RESULTS: Colon polyps were detected in 971 (16.3%)
subjects (613 males and 358 females) with their mean
age being 56.6±10.7 years. Advanced polyps were noted
in 199 (3.3%) individuals. Subjects were sub-classified
according to the location of polyps into three groups: distal
(569, 58.6%), proximal (284, 29.2%), and combined
proximal and distal (118, 12.2%) groups. Subjects with
advanced polyps in these three groups were 95 (9.8%),
56 (5.8%), and 48 (4.9%) respectively. In the 48 subjects
with advanced combined polyps, 13 advanced polyps were
distributed at the distal colon, 17 at the proximal colon,
and 18 at both. Eighteen colon cancers including 12 at
sigmoid and 6 at ascending colon were confirmed by final
pathology. The relative risk for advanced proximal polyp
according to distal findings was 3.1 (95%CI: 1.3-7.4) for
hyperplastic polyp, 2.7 (95%CI: 1.4-5.3) for tubular polyp
and 13.5 (95%CI: 5.1-35.4) for advanced polyp as compared
to that for no polyp. However, 56 (28.2%) of 199 subjects
with advanced polyps had no index polyps at the distal
colon and might go undetected under sigmoidoscopic
screening.
CONCLUSION: Although distal lesions can predict the
risk of advanced proximal polyps, a substantial portion of

Chinese with advanced proximal polyps is not associated
with any distal sentinel lesions. These data have implications
for screening policy of colon cancers in Taiwanese Chinese.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is an important health problem
that carries high morbidity and mortality in the developed
and Western countries[1]. The majority of CRCs arise from
pre-existing adenomas[2]. This adenoma-adenocarcinoma
sequence in colorectal carcinogenesis has provided an
opportunity for screening asymptomatic individuals to
prevent CRC. Indeed, accumulating evidence has indicated
that the screening policy may greatly reduce the mortality
and incidence of CRC [3] . Currently, CRC screening is
suggested for those with 50 years of age and above. Standard
recommendations include annual testing for fecal occult
blood and periodic sigmoidoscopy. Colonoscopy is generally
reserved for patients with positive screening tests or those
with a high average risk[4].
Early detection and removal of potentially malignant
polyps is the central element of CRC screening[3]. In this
respect, efforts to control and prevent CRC lie in the reliable
detection and resection of advanced adenomas before they
become malignant. Atkin et al.[5], investigated the long-term
risk of CRC after excision of recto-sigmoid adenomas and
found that 88% of cancers develop in patients with high
risk (namely villous, tubovillous histology, or >10 mm in
diameter) recto-sigmoid adenomas. This study has led them
to propose that a single examination with a sigmoidoscopy
leading to full colonoscopy in patients with high risk
recto-sigmoid adenomas is a cost effective and safe screening
protocol[6]. The UK flexible sigmoidoscopy screening trial
further supports that population screening by sigmoidoscopy
is a worthwhile screening tool[7]. However, sigmoidoscopy
is a sub-optimal approach for colon screening, and proximal
adenomas without associated distal polyps may not benefit
from early detection. The intrinsic risk of underdiagnosis
by sigmoidoscopy has been illustrated by evidence of an
increasing rightward trend of colon polyps and CRC[8]. It
was also reported that 46-52% of proximal advanced
adenomas are not accompanied with distal polyps[9,10]. Even
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addition of fecal occult blood testing to sigmoidoscopy
cannot significantly increase the detection of advanced
neoplasia[11]. Similar observations have also been reported
from other countries[12-15]. Therefore, another school of
thought has advocated use of an ordinary colonoscope
instead of a sigmoidoscope for screening[16].
Racial differences in the anatomical distribution of
colorectal neoplasia exist between Western and Oriental
countries. Variations in prevalence of proximal adenomas
could influence the choice of colonoscopy vs sigmoidoscopy
for screening in different populations. It remains uncertain
whether clinical findings from Western countries are
applicable to Chinese. In Taiwan, CRC ranks the third leading
cancer death and its incidence has increased rapidly due to
westernization of lifestyle[17]. The information regarding the
prevalence of colorectal polyps in asymptomatic Chinese
remains limited[14,15]. Our unit has provided self-paid screening
for CRC since December 1997[18]. Taking this advantage, we
performed a prospective study to investigate the prevalence
of advanced polyps in asymptomatic subjects and to
determine the risk of proximal advanced polyps in subjects
with and without distal polyps.

MA
TERIALS AND METHODS
MATERIALS
Since December 1997, our center has started to provide
full colonoscopic service for all subjects who attended health
checkup with a request for a colonoscopy. All colonoscopies
were performed with Olympus Model CF200 or CF240
colonoscopes by experienced colonscopists[18]. Patients were
prepared by oral administration of balanced electrolyte
solution with polyethylene glycol on the day before the
examination. All lesions identified were removed for
histologic examination by either biopsy, polypectomy, or
conventional surgery. The exact size of the polyp was
determined immediately after polyp removal or by comparing
the known width of opened biopsy forceps. The location
and size of all polypoid lesions were recorded. The distal
colon was defined as the rectum, sigmoid, and descending
colon, whereas proximal colon was splenic flexure and more
proximal portions of the colon. Polyps were considered
advanced, if they were larger than 10 mm or were tubovillous,
villous, or malignant.
The exclusion criteria included presence of colorectal
symptoms, previous history of colorectal neoplasia, colonic
surgery, inflammatory bowel disease, family history of colon
cancer or first-degree relatives with related neoplasms of
the breast, ovary or uterus, inability to give informed consent,
and incomplete colonoscopic examinations. From December
1997 to December 2003, a total of 5 973 subjects who
fulfilled the above criteria were enrolled for further analysis.
Categorical data were analyzed by χ2 test and relative risk
of advanced proximal polyps was evaluated by logistic
regression analysis.
RESUL
TS
RESULTS
Colonoscopy was successfully performed in the cecum in 5
973 subjects. The baseline characteristics of patients and
colonoscopic findings are described in Table 1. Colon polyps
were detected in 971 (16.3%) subjects (613 males and 358
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females) with a mean age of 56.6±10.7 years. Among them,
199 (3.3%) subjects had advanced polyps. The prevalence
of colorectal polyps in relation to demographic parameters
is listed in Table 2. The prevalence of polyps (682/3 317,
20.6% vs 289/2 656, 10.9%, P<0.01) and advanced polyps
(165/3 317, 3.0% vs 34/2 656, 1.3%, P<0.01) was significantly
higher in subjects older than 50 years as compared to those
younger than 50 years. Overall, male subjects had a significantly
higher prevalence of polyps (613/3 125, 19.6% vs 358/
2 848, 12.6%, P<0.01) and advanced polyps (124/3 125,
3.9% vs 75/2 848, 2.6%, P<0.01) than female subjects.
The 971 subjects with polyps were subclassified according
to the location of polyps into distal (567, 58.6%), proximal
(284, 29.2%) and combined proximal and distal (118, 12.2%)
groups. Advanced polyps in these three groups were 95 (9.8%),
56 (5.8%), and 48 (4.9%), respectively. In the 48 subjects
with advanced combined groups, 13 advanced polyps were
distributed at the distal colon, 17 at the proximal colon, and
18 at both. Eighteen colon cancers including 12 at sigmoid
and 6 at ascending colon were confirmed by final pathology.
The relative risk for advanced proximal polyp according to
distal findings was 3.1 (95%CI: 1.3-7.4) for hyperplastic
polyp, 2.7 (95%CI: 1.4-5.3) for tubular polyp and 13.5
(95%CI: 5.1-35.4) for advanced polyps as compared to that
for no polyp (Table 3).

Table 1 Baseline characteristics of patients and colonoscopic findings
Characteristics

Patients, n (%)

Gender
Female
Male

2 848 (47.7)
3 125 (52.3)

Age (yr)
40-49

2 656 (44.4)

50-59
60-69

1 903 (31.9)
942 (15.8)

70
Colonoscopic findings
No polyp
Proximal polyp
Distal polyp
Combined

472 (7.9)
5 002 (83.7)
284 (4.8)
569 (9.5)
118 (2.0)

DISCUSSION
The reported prevalence of colonic polyps varies widely
due to differences in structure of the studies and sensitivities
of the test used to define prevalence [19]. Referred and
symptomatic patients cannot represent screening setting, but
true incidence is difficult to calculate in symptom-free and
unselected populations. It was estimated that 30% of the
Western population have colonic polyps while a lower rate
(10-15%) is noted in Asia and Africa[16]. Cross-sectional
studies indicate that 5-10% of asymptomatic subjects
(50-75 years old) have advanced colonic neoplasia [9,10].
Colonoscopy is the most sensitive imaging study for
assessment of colonic polyps. Prior to our study, there were
two studies dealing with the prevalence of colonic polyps in
asymptomatic Chinese. Sung et al.[14], enrolled 505 subjects
older than 50 years through health exhibitions and documented
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Table 2 Prevalence of colorectal polyps in relation to demographic parameters, n (%)
Age group (yr)

Male

Female

Total no.
of cases

Polyps

Advanced
polyps

Total no.
of cases

Polyps

Advanced
polyps

40-49
50-59

1 348
1 067

186 (13.8)
217 (20.3)

18 (1.3)
38 (3.6)

1 308
836

103 (7.9)
104 (12.4)

16 (1.2)
23 (2.8)

60-69
70

480
230

140 (29.2)
70 (30.4)

40 (8.3)
28 (12.2)

462
242

84 (18.2)
67 (27.7)

19 (4.1)
17 (7.0)

Total

3 125

613 (19.6)

2 848

358 (12.6)

75 (2.6)

Table 3 Prevalence of advanced proximal polyps according to
distal findings
Distal finding

Total

No polyp

Advanced proximal polyp Relative risk

5 286

56

Hyperplastic polyp
Tubular adenoma

181
380

6
11

3.1 (1.3-7.4)
2.7 (1.4-5.3)

1.0

Advanced adenoma

126

18

13.5 (5.1-35.4)

12.5% of advanced polyps in Hong Kong Chinese. In contrast,
Cheng et al.[15], detected only 1.3% of advanced polyps in
Taiwanese Chinese. We found 16.3% of colonic polyps and
3.3% of advanced polyps respectively in 5 973 asymptomatic
subjects older than 40 years. All these three studies were
performed by colonoscopy, indicating that factors other
than screening methods are responsible for the difference.
The low prevalence in the later two studies may in part
reflect the relatively large number of individuals younger
than 50 years. In addition, inherent selection bias of enrolled
subjects, geographic or dietary factors, and different incidence
rates are among the plausible explanations but remain to be
investigated by future studies.
Results from previous studies have shown that colonic
polyps are more common in men than in women and
increase in frequency with increasing age[13,19]. In agreement
with these observations, subjects 50 years old and males
tend to have a higher prevalence of both colonic polyps
and advanced adenoma. To our knowledge, none of the
studies have addressed the prevalence of colonic polyps in
asymptomatic Chinese younger than 50 years. Overall, in
subjects aged 50 years, colonic polyps and advanced
adenomas are present in 20.6% and 3.0%, respectively,
whereas 10.9% and 1.3% are found in patients aged <50 years.
Taken together, these studies support the notion that age
and gender may also influence the prevalence of colonic
polyps[13,19]. Furthermore, our data suggest that in Chinese
the optimal cut-off point of age for screening of average
risk is similar to Western guideline because the incidence of
colorectal polyps begins to rise above the age of 50 years[4].
From the standpoint of screening accuracy, colonoscopy
is the only reliable way for detection of all colorectal polyps.
However, current guidelines recommend sigmoidoscopy as
the first-line CRC screening in view of expense, complication
and patient’s acceptability[4]. A crucial assumption underlying
the practice of sigmoidoscopy is that, there exists an
association between distal and proximal colonic neoplasia.
Therefore, sigmoidoscopy may function as a gatekeeper
and colonoscopy could be reserved for individuals with index
polyps at the distal colon. Two recent systematic reviews

124 (4.0)

support this notion and point out that distal polyps, irrespective
of size or histology, are associated with an increased
prevalence of synchronous proximal neoplasia [20,21]. In
keeping with these observations, our results have demonstrated
that distal hyperplastic, tubular, and advanced polyps are
associated with 3- to 13-fold risk of synchronous, proximal
advanced polyp.
Although distal colonic polyps can predict the risk of
advanced proximal lesion, a clean rectum and sigmoid colon
cannot guarantee any significant adenomas in the proximal
colon. The proximal colon is not routinely examined when
an index lesion is not detected in sigmoidoscopy. Consequently,
the proportion of patients with adenoma in the proximal
colon but without distal colonic neoplasia may influence
the effectiveness of screening sigmoidoscopy[20,21]. The issue
is becoming increasingly important, since several reports
have revealed a rightward shift of CRC [8]. Moreover,
available data from recent colonoscopic screening indicate
that 46-52% of proximal advanced adenomas are not
accompanied with distal polyps[9,10]. In the present study, we
found 199 subjects had advanced polyps and 56 (28.1%)
were isolated proximal lesions. Taken together, these findings
implicate that a substantial portion of individuals with
proximal neoplasia will go undetected by screening
sigmoidoscopy and are at increased risk of cancer.
In summary, this study provides data on the background
prevalence of colonic polyps in asymptomatic Chinese aged
40 years. The varied prevalence as compared to previous
studies may be explained by variation of screening methods,
selection criteria of enrolled subjects and different etiologic
factors. About 30% of advanced proximal polyps are not
associated with sentinel lesions, and might be missed by
screening sigmoidoscopy. For the motivated individuals older
than 50 years, whole colon screening by colonoscopy will
detect more proximal lesions and give the greatest reassurance.
The cost-effectiveness of colonoscopy needs to be evaluated
further in future studies.
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Abstract
AIM: To study the effect of rosiglitazone, which is a ligand
of peroxisome proliferator-activated receptor gamma
(PPARγ), on the expression of PPARγ in hepatic stellate
cells (HSCs) and on the biological characteristics of HSCs.
METHODS: The activated HSCs were divided into three
groups: control group, 3 µmol/L rosiglitazone group, and
10 µmol/L rosiglitazone group. The expression of PPARγ,
α-smooth muscle actin (α-SMA), and type I and III
collagen was detected by RT-PCR, Western blot and
immunocytochemical staining, respectively. Cell proliferation
was determined with methylthiazolyltetrazolium (MTT)
colorimetric assay. Cell apoptosis was demonstrated with
flow cytometry.
RESULTS: The expression of PPARγ at mRNA and protein
level markedly increased in HSCs of 10 µmol/L rosiglitazone
group (t value was 10.870 and 4.627 respectively, P<0.01
in both). The proliferation of HSCs in 10 µmol/L rosiglitazone
group decreased significantly (t = 5.542, P<0.01), α-SMA
expression level and type I collagen synthesis ability were
also reduced vs controls (t value = 10.256 and 14.627
respectively, P<0.01 in both). The apoptotic rate of HSCs
significantly increased in 10 µmol/L rosiglitazone group
vs control (χ2 = 16.682, P<0.01).
CONCLUSION: By increasing expression of PPARγ in
activated HSCs, rosiglitazone, an agonist of PPARγ,
decreases α-SMA expression and type I collagen synthesis,
inhibits cell proliferation, and induces cell apoptosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
It is well established that hepatic fibrosis is the pathological
basis on which chronic liver diseases further progress to
hepatic cirrhosis[1]. Multiple factors produce hepatic lesions,
contributing to hepatic fibrosis[2]. Studies show that reversing
hepatic fibrosis may block the progression of hepatic
cirrhosis[3]. Hepatic stellate cell (HSC) is now well established
as the key cellular element involved in the development of
hepatic fibrosis[4]. When the liver is attacked by pathogenic
factors, HSCs, a pericyte-like mesenchymal liver cell
population, transform from a “quiescent” status (“resting”
HSC) into myofibroblast-like cells (“activated” HSC) with
the latter synthesizing and secreting extracellular matrix
(ECM), tissue inhibitor of matrix metalloproteinases and
multiple cytokines, which contribute to collagen deposition,
leading to fibrosis[5-7]. Recently, it has been reported that
resting HSC expresses peroxisome proliferator-activated
receptor gamma (PPARγ); the expression of PPARγ
gradually decreases during the course of activation of HSC
cultured in vitro, indicating that certain expression level of
PPARγ may be a crucial element that inhibits the natural
activation of HSC[8-14]. The present study was designed to
investigate whether activated HSCs (myofibroblast-like cells)
treated by PPARγ-specific ligands were able to enhance the
expression of PPARγ and its effect on HSC proliferation,
collagen secretion, and cell apoptosis.
MA
TERIALS AND METHODS
MATERIALS
HSCs of rats
HSCs of rats were obtained from HSC strain rHSC-99
produced by the Department of Hepatobiliary Surgery,
Peking University People’s Hospital and this strain had the
characteristics of activated HSCs[15].
Rosiglitazone
A high-affinity specific ligand of PPARγ, was purchased
from GlaxoSmithKline Investment Co., Ltd.
Experimental groups
Three groups were set up in the study, blank control group,
3 µmol/L rosiglitazone, and 10 µmol/L rosiglitazone groups,
respectively.
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Semi-quantitative RT-PCR detection of PPARγ
The extraction and reverse transcription of RNA were
performed according to the directions of the kits (Taq PCR
MasterMix, TW-Biotech Co.); PPARγ primer was synthesized
by Shanghai Bioengineering Co., Ltd, with an upstream
fragment of CCCTGGCAAAGCATTTGTAT, a downstream
fragment of ACTGGCACCCTTGAAAAATG and an
extension fragment of 222 bp. The internal reference β-actin
was designed with an upstream fragment of TGGGACGATATGGAGAAGAT, a downstream fragment of ATTGCCGATAGTGATGACCT and an extension fragment of
522 bp. PCR reaction is as follows. PPARγ primers were
added to reaction systems, which conditions were set at
for 5 min; 94
for 20 s, 55
for 30 s, 72
for
95
40 s, totally 29 cycles; finally at 72 for 5 min. The products
of PCR were photographed after electrophoresis on 2%
agarose gel and the gray scale values determined through
image analysis. The sample quantities were adjusted to make
the gray scale value in each β-actin group stay at a relatively
identical level and then the gray scale values of PPARγ
between groups were compared.
Detection of PPARβ protein by western blot
In each electrophoresis lane, a sample of 30 µg protein was
added and after polyacrylamide gel electrophoresis at a
volume fraction of 30%, the electrophoretic proteins were
transferred onto nitrocellulose membranes, blocked with
5% fat-free milk in TBST buffer (20 mmol/L Tris-HCl,
137 mmol/L NaCl, and 0.05% Tween 20). The membranes
were incubated with the first and second antibody, respectively.
Antigen-antibody complexes were visualized using the
enhanced chemiluminescence detection system according
to the manufacturer’s instructions (Santa Cruz Biotechnology,
Inc.). Membranes were exposed to autoradiography, and
signals were scanned for quantitation. Image analysis was
done on the straps to determine the gray scale value. The
expression quantity of PPARγ by HSC in each group was
expressed relative to that of the control group.
Detection of PPARγ protein by immunocytochemistry method
After HSCs were cultured on the slides, they were fixed in
neutralized 40 g/L formaldehyde, then detected with SP
method (Santa Cruz Biotechnology, Inc.) and examined
under a microscope. Those cells whose nuclei were brown
were defined as positive.
Effect of rosiglitazone on HSC proliferation
Cells were incubated in a 96-well plate. The cells grew in
DMEM culture medium containing a volume fraction of
16% calf serum until the logarithmic growth phase, and
were then incubated for 24 h in DMEM culture medium
that contained a volume fraction of 1% calf serum, which
could stop the growth of cells. After that, cells were
incubated in culture media respectively containing a
volume fraction of 16% calf serum, as blank control group,
and rosiglitazone groups of a final concentration of 3 and
10 µmol/L. And the absorbance value of A570 was read
on the microplate reader for each well using MTT
colorimetric assay at 0, 24, and 48 h.
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Effect of rosiglitazone on the synthesis of α-SMA of HSCs
and collagen I and III
HSCs from control group, 3 µmol/L rosiglitazone group
and 10 µmol/L rosiglitazone group were detected by Western
blot and immunocytochemistry respectively.
Effect of rosiglitazone on HSCs apoptosis
The apoptotic index was determined by flow cytometry
(Applied Biosystems). A total of 1×10 6/mL cells in a
suspension were fixed with precooled 70% ethanol solution
and stained, and analyzed by a flow cytometer and the
apoptotic index was determined by Multicycles software.
Statistical analysis
t-Test and χ2 test were employed to analyze all the data
concerned. P<0.05 was taken as significant.

RESUL
TS
RESULTS
10 µmol/L rosiglitazone enhanced the expression of HSC
PPARγ mRNA
At 3 µmol/L of rosiglitazone, no significant difference was
seen in the expression of PPARγ mRNA in HSCs compared
with the control group. There was a significant increase in
the expression of PPARγ mRNA in HSCs by 10 µmol/L
rosiglitazone compared with the control group (t = 10.87,
P<0.01, Figure 1). Meanwhile obvious expression of all
β-actin was observed.
A

1

2

3

1

2

3

1

2

3

1

2

3 Marker

B

Figure 1 PPARγ mRNA level. A: Expression of PPARγ mRNA. Lane 1,
10 µmol/L rosiglitazone group; lane 2, 3 µmol/L rosiglitazone group; lane 3,
control group; B: Expression of β-actin.

Western blot demonstrated that the expression of PPARγ
protein increased by 10 µmol/L rosiglitazone
At 3 µmol/L rosiglitazone, no significant difference was
seen in the expression of PPARγ protein in HSCs compared
with control group. The expression of PPARγ protein in
HSCs by 10 µmol/L rosiglitazone was significantly increased
compared with that of the control group (t = 4.627, P<0.01,
Figure 2).
Immunocytochemistry demonstrated enhanced expression of
PPARγ protein in HSCs in 10 µmol/L rosiglitazone group
In the blank control group and 3 µmol/L rosiglitazone
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group, no evident expression of PPARγ protein was found
by immunocytochemistry. In the 10 µmol/L rosiglitazone
group, there was a relatively increased expression of PPARγ
protein in the nucleus of most HSCs and in the cytoplasm
of some HSCs (Figure 3A). The expression of PPARγ
protein seen in the cytoplasm in some of the HSCs might
be proteins not entering into the cell nucleus, and the
precursor of PPARγ proteins in cytoplasm.
10 µmol/L rosiglitazone markedly inhibited HSCs proliferation
There was no significant difference in the proliferation
activity of HSCs between 3 µmol/L rosiglitazone group
and the control group. After a 24 and 48 h culture period, the
proliferation activity of 10 µmol/L rosiglitazone group was
lower than that in both the control group (t value = 5.542
and 19.293, respectively, P<0.01 in both) and the 3 µmol/L
rosiglitazone group (t value = 6.880 and 10.502 respectively,
P<0.01 in both, Table 1).

staining of α-SMA and collagen I and III in both the blank
control group and 3 µmol/L rosiglitazone group was strongly
positive. In 10 µmol/L rosiglitazone group, the expression
of α-SMA and collagen I decreased significantly while there
was no distinct change in the expression of collagen III.
Through gray-scale scanning analysis, the quantity of α-SMA
and collagen I decreased 48% and 42%, respectively
compared with the blank control group (t value = 10.256
and 14.627, respectively, P<0.01 in both). Western blot
detection of α-SMA showed that there was no significant
difference between 3 µmol/L rosiglitazone group and
blank control group. The gray-scale value of α-SMA strap
of 10 µmol/L rosiglitazone group significantly decreased
compared with the blank control group (t = 4.627, P<0.01).
10 µmol/L rosiglitazone accelerated HSC apoptosis
Flow cytometry analysis revealed that HSC apoptosis index
in 10 µmol/L rosiglitazone group was 23.8%, significantly
higher than that in the control group (3.6%, χ2 = 16.682,
P<0.01).

Table 1 Effect of rosiglitazone on proliferation of rHSC-99
Groups
Controls
3 µmol/L
10 µmol/L
b

0h

24 h

48 h

0.21±0.041
0.22±0.038
0.22±0.064

0.62±0.088
0.63±0.060
0.33±0.085b

1.00±0.045
0.93±0.049
0.49±0.060b

P<0.01 vs controls or 3 µmol/L treatment group.

10 µmol/L rosiglitazone decreased synthesis of α-SMA ,
collagen I in HSCs
Detection of synthesis of α-SMA, collagen I and III in
HSCs by immunocytochemistry indicated that cytoplasmic

1

2

3

1

2

3

Figure 2 PPARγ protein was assessed with Western blotting. Lane 1, 10 µmol/L
rosiglitazone group; lane 2, 3 µmol/L rosiglitazone group; lane 3, control group.

A

B

Figure 3 Immunocytochemistry of rHSC-99 ×100. A: Positive of PPARγ in
10 µmol/L rosiglitazone group; B: positive of α-SMA in control group; C: weak

DISCUSSION
Excessive production and deposition of extracellular matrix
is one of the main characteristics of hepatic fibrosis, in
which type I collagen is an essential component[16]. Type I
collagen mainly comes from activated myofibroblast
HSC[17]. At present, studies on hepatic fibrosis are increasingly
concentrating on HSC, in order to find specific and efficient
approaches to inhibit and reverse hepatic fibrosis[1,2,18,19].
Several studies demonstrated that resting HSCs express
PPARγ and when resting HSCs are activated to become
myofibroblast HSCs, they lose the ability to transcribe and
express PPARγ[8,9,12,20,21]. PPARγ is a member of nuclear
receptor superfamily[22]. When combined with its ligand,
PPARγ forms heterodimer with retinoid X receptor, which
is then combined with peroxisome proliferator response
element (PPRE) at the upstream of regulated gene promoter
to play a role in transcription and regulation[23]. Rosiglitazone
is widely used in clinical practice as an insulin sensitizer, and
at present, it is identified as a high-affinity specific ligand of
PPARγ, which can promote the expression of PPARγ in
cells and enhance the transcription activity of PPARγ[24-28].
According to the change of blood drug level after
rosiglitazone is taken, 2-3 µmol/L rosiglitazone is believed

C

positive of α-SMA in 10 µmol/L rosiglitazone group.
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to be at a relatively high level, but in a preliminary experiment,
only 10 µmol/L rosiglitazone displayed a notable effect.
Therefore, we set up a blank control group, 3 µmol/L
rosiglitazone group, and 10 µmol/L rosiglitazone group. It
was shown that 10 µmol/L rosiglitazone markedly increased
the transcription activity and expression level of PPARγ in
HSC, indicating that using PPARγ-specific ligand was able
to recover the expression and transcription activity of
PPARγ to a certain extent.
HSC strain rHSC-99 has been established by serial
passage of rat HSC. This strain has the characteristics of
activated myofibroblast HSC and highly expresses α-SMA
and collagen I and III [15]. The results of our experiment
demonstrate that while 10 µmol/L rosiglitazone remarkably
enhances the transcription activity and expression level
of PPARγ in HSCs, the PPARγ inhibits the expression of
α-SMA and collagen I and the proliferation of HSCs.
At present, the mechanism that enhances the transcription
activity and expression level of PPARγ in HSC can
inhibit the expression of α-SMA and collagen I and HSC
proliferation has not been well elucidated[30]. PPARγ has a
regulatory effect on multiple genes, but little research has
been done regarding the effect of changes in PPARγ
expression and transcription activity on related genes of
HSCs[9,12,13,21,29]. Researches have shown that the enhancement
of PPARγ transcription activity can inhibit the expression
of TGF-β1 mRNA induced by TGF-β1, suggesting that
the activation of PPARγ might block the autocrine loop of
TGF-β1 and further reduce TGF-β1 induced secretion of
collagen and HSCs proliferation [30-32]. In researches on
human and mouse macrophages[33-36], it was found that there
existed an interaction between PPARγ and AP-1 signal
pathway and the activation of PPARγ could inhibit the
activity of transcription factor AP-1, STAT, and NF-κB. It
is assumed that, there may be similar mechanism in HSC
that PPARγ, through inhibiting the activity of transcription
factor AP-1, STAT, and NF-κB, further plays an inhibitory
role in HSC proliferation and expression of collagen.
HSC apoptosis can reduce the absolute quantity of
activated HSC, thus not only reducing the synthesis of
collagen, but also weakening the inhibitory effect on
collagen degradation through decreasing activated HSCs
to reduce the expression of matrix tissue inhibitor of
metalloproteinases[5]. Therefore, induction of HSC apoptosis
has been considered as an efficient countermeasure to
postpone or reverse hepatic fibrosis[19]. Rosiglitazone, as a
specific ligand of PPARγ, can significantly increase HSC
apoptosis rate.
The results of our experiment indicate that PPARγ-specific
ligand rosiglitazone, through activating the expression of
PPARγ, can inhibit the expression of α-SMA and collagen
I in activated HSCs, the proliferation of activated HSCs
and induce apoptosis of activated HSCs.
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Abstract
AIM: To explore the expression of p53, bcl-2, bax, survivin
and the cell apoptosis during the development of tree
shrew hepatocellular carcinoma (HCC), the relationship
between expression of these genes, its impact on HCC
development, and its relation to cell apoptosis.
METHODS: Tree shrew HCC was induced with aflatoxin
B1 (AFB1), and regular biopsy of liver tissues was carried
out and the biopsy tissues were collected during cancer
inducement. Liver biopsy tissue and HCC tissue were
collected from 35 pre-cancerous experimental animals
at wk 30 and 60 and at the 30th-, 60th-, and 90th-wk. Liver
biopsy tissues were collected from 13 blank control
animals at wk 30, 60, and 90. Expression of p53, bcl-2,
bax, and survivin at each stage was examined by
immunohistochemistry method. Apoptotic cells were
detected in situ by the terminal deoxynucleotidyl
transferase-mediated nick end labeling (TUNEL) technique.
RESULTS: The apoptosis rate of normal hepatic cells was
extremely low, whereas it increased during the formation
of HCC. Expression of the apoptosis-related genes p53,
bcl-2, bax, and survivin during the formation of HCC presented
an increasing tendency. Expression of p53 did not
noticeably relate to that of bcl-2, bax, and survivin,
whereas expression of bcl-2 and bax was closely related.
In HCC, p53 did not present a distinct relation to cell
apoptosis, whereas its high level expression was probably
related to liver cell proliferation. Survivin negatively
correlated apoptosis index, and its overexpression could
inhibit cell apoptosis.
CONCLUSION: Apoptosis-related genes p53, bcl-2, bax,
and survivin are all related to the occurrence of HCC. The

anti-apoptosis effect of bcl-2 is influenced by bax, and ratio
bcl/bax reflects more correctly the extent of cell apoptosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Occurrence and biological characteristics of tumors are
related not only to over-proliferation of carcinoma cells
but also to decrease of apoptosis. Investigation of apoptosis
helps to disclose the biological characteristics of tumors, and
seeks new methods of diagnosis and treatment for tumors.
Product of gene bax (bcl-2 associated X gene) expression is
a 21-ku protein, which is able to combine bcl-2 protein to
form a heterogeneous dimer, thus inhibiting the function
of bcl-2 and promoting the occurrence of apoptosis. p53 is
universally accepted as a tumor suppressor, whose mutation
and deficiency accelerate cancer growth. Survivin is a new
member of the inhibitor of apoptosis inhibiting protein
family. It is believed that cell apoptosis induced by most of
apoptosis signals is realized through the effect of a cascade
proteinase, namely caspase. Survivin can act directly on
caspase, thus inhibiting the activity of caspase-3 and caspase7[1] and eventually blocking the terminal pathway of apoptosis.
In this research, expression of p53, bcl-2, bax, survivin,
and cell apoptosis in different stage liver tissues during the
development of laboratory tree shrew HCC were explored
by the immunohistochemistry method and the terminal
deoxyn-ucleotidyl transferase-mediated nick end labeling
(TUNEL) technique. The relationship between expression
of these genes, its impact on HCC formation, and its relation
to cell apoptosis were discussed.
MA
TERIALS AND METHODS
MATERIALS
Animal experiment
Adult laboratory tree shrews, weighing 100-160 g, were raised
in separate stainless cages under a laboratory temperature of
25±2 . After 2-4 wk of feeding, all animals were examined
for serum ALT and HBsAg. Thus, 61 healthy animals were
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selected and divided into experimental group and control
group.
Forty-eight tree shrews in the experimental group received
aflatoxin B1 (AFB1) at the beginning of the experiment,
150 µg/(kg·d), five times/wk. AFB1 was solved into dimethyl
sulfoxide, then added into milk for lapping by the animals.
The animals received AFB1 for 105 wk then common animal
food for 45 wk when the experiment was completed.
Thirteen tree shrews in the control group did not receive
AFB1 but common animal food, milk and fruits.
Liver tissue biopsy
During the whole experiment, liver tissue biopsy was carried
out in both groups of tree shrews once in every 15 wk.
Biopsy tissues were fixed in 10% formaldehyde solution.
Tissue specimens
Specimens of liver biopsy tissues taken at wk 30 and 60
and HCC tissues from the experimental animals and those
of the liver biopsy tissues taken at wk 30, 60, and 90 were
embedded with paraffin wax and cut into 5-µm consecutive
sections, then subjected to the routine HE staining.
Expression of p53, bcl-2, bax, and survivin was detected
by immunohistochemistry method. Apoptotic cells were
subjected to in situ detection by the TUNEL technique.
Reagents
Mouse anti-human p53, bcl-2, bax, and survivin mAbs were
from Beijing Zhongshan Company. Streptavidin-peroxidase
(S-P) kits and DAB developers were from Fuzhou Maixin
Company; TUNEL staining kits (Cat. No. 1684809) were
from Beohringer Mannheim GmbH, Deutschland. DNAase
I, proteinase K, and 3% bovine serum albumin were from
Dalian Baosheng Company.
Immunohistochemistry staining and in situ detection of
apoptosis
S-P method was applied. Sections before addition of mAb
were subjected to microwave antigen repairing, all other
procedures were according to the kit manual. PBS was
substituted for the first antibody to act as the negative
contrast, and the positive contrast sections from Fuzhou
Maixin Company were used as the positive contrast. In situ
detection of apoptosis was carried out as previously
described[2]. Positive contrast sections were subjected to a
30-min digestion with DNAase I before TUNEL reacting
solution was added, whereas negative contrast sections were
subjected to TDT-free TUNEL reacting solution.
Result assessment and statistical analysis
p53 and survivin protein positive reactions were located in
nuclei, presenting light or dark brown. Bcl-2 and bax protein
positive reactions were located in cytoplasm, appearing as
dark brown.
Immunohistochemical staining was divided into five
grades: grade 0: <5%; grade I: 5-25%; grade II: 25-50%;
grade III: 50-75%; and grade IV: >75%. Five percent was
taken as the criterion for the judgment of positive cells.
Staining intensity of positive cells was divided into three
grades: grade I: low; grade II: medium; grade III: strong.
The staining intensity of all the positive contrast sections was
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determined as grade III for reference. Immunohistochemical
staining score = grading for percentage of positive cells×
staining intensity[3].
Apoptotic cells were calculated under five high power
fields randomly selected, at least than 1 000 cells per field.
Percentage of positive cells to total cells was taken as
apoptosis index.
Statistical analysis was carried out by variance analysis,
χ2 test, etc., with the statistical software package PEMS.

RESUL
TS
RESULTS
Occurrence of HCC
At the 150th wk of the experiment, all dead animals were
subjected to etiological diagnosis of HCC. The result showed
that occurrence of HCC was seen in 35 of 48 experimental
tree shrews, with an incidence rate of 72.9%, and in none
of 13 control tree shrews. The earliest time of carcinoma
occurrence was 88 wk, and the latest time was 150 wk. The
average time was 117 wk.
Pathological tissues’ change at each stage
In the liver biopsy tissues from the control animals at each
stage, liver cells were arrayed in good order, lobular structure
was clear and complete, and no inflammation and hepatocyte
hyperplasia appeared. In the experimental animals, the liver
biopsy tissues taken at wk 30 and 60 appeared with
hepatocellular degeneration and hyperplasia change. The
former was primarily vacuole degenerative, the latter
presented hepatocyte array in two lines, multi-lines, even
pieces, with clear lobular structure. In HCC animals, liver
cells were poorly and moderately differentiated presenting
diffusive, nodular, or girder-like types.
Expression of apoptosis-related genes and cell apoptosis
The expression of p53, bcl-2, bax, and survivin in HCC
and other liver tissues is listed in Table 1; the apoptosis indices
in HCC and other liver tissues are shown in Table 2; the
relationship between expression of p53, bcl-2, bax, survivin,
and cell apoptosis in HCC tissues is summarized in Table 3.

DISCUSSION
Studies[3,15,18,20] have shown that genes p53, bcl-2, bax, and
survivin play an important role in HCC formation, but these
studies are confined to the resected HCC, employing
carcinoma-adjacent tissues as control liver tissues. This study
was carried out in the tree shrew HCC model established at
the Department of Pathology of the Affiliated Tumor
Hospital of Guangxi Medical University. The HCC model
allows repeated biopsy with no animals being killed during
the induction of HCC, so that liver tissues at different stages
of carcinogenesis are available. These tissues were utilized
for the investigation on the dynamic expression of p53,
bcl-2, bax, and survivin during the development of HCC,
and for the exploration of its impact on HCC development.
Relationship between cell apoptosis and HCC
Apoptosis is a process of programmed cell death under
certain physiological or pathological conditions. This process
is active, highly ordered, multi-gene controlled, and serial-
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Table 1 Expression of p53, bcl-2, bax, and survivin in HCC and other liver tissues
Groups
Control

Trial

Biopsy at

p53

Bcl-2

Bax

Survivin

Positive (%)

Positive (%)

Positive (%)

Positive (%)

Cases

30th wk
60th wk

13
13

0 (0)
0 (0)

0 (0)
0 (0)

0 (0)
0 (0)

4 (30.8)
5 (38.4)

90th wk
30th wk

13
35

0 (0)
0 (0)

0 (0)
3 (8.6)

0 (0)
2 (5.7)

5 (38.4)
14 (40)

60th wk
HCC

35
35

21 (60)b,d
25 (71.4)b,d

7 (20)
14 (40)

10 (28.6)a,c
25 (71.4)b,d,e

13 (37.1)
19 (57.1)

a

P<0.05, bP<0.01 vs each stage control; cP<0.05, dP<0.01 vs experiment for 30 wk; eP<0.05 vs experiment for 30 wk.

Table 2 Apoptosis indices in HCC and other liver tissues
Apoptosis indices
Groups
Control

Trial

b

Biopsy at

cases
Maximum

Minimum

Average

30th wk

13

0.25

0

0.01±0.02

60th wk

13

0.25

0

0.01±0.02

90th wk

13

0.3

0

0.02±0.04

30th wk

35

1.5

0

0.57±0.47b

60th wk

35

2.1

0

0.70±0.60b

HCC

35

2.5

0.1

0.71±0.51b

P<0.01 vs same stage control.

Table 3 Relationship between expression of p53, bcl-2, bax, survivin, and cell apoptosis in HCC tissues
Apoptosis indices (%)
Observation indications

Cases

P
Maximum

p53
Bcl-2
Bax
Survivin

Minimum

Average

+

25

2.5

0.1

0.70±0.57

-

10

1.0

0.2

0.72±0.31

+

14

2.5

0.4

1.02±0.45

-

21

1.5

0.1

0.50±0.40

+

25

2.5

0.2

0.74±0.25

-

10

0.5

0.1

0.24±0.16

+

19

1.5

0.1

0.51±0.40

-

16

2.5

0.2

0.86±0.54

Bcl-2 Bax

+

14

2.5

0.5

1.02±0.45

Bcl-2 Bax

-

10

0.5

0.1

0.25±0.15

enzyme catalyzed[4]. As an important modulating mechanism
maintaining the stability of organ itself, apoptosis not only
plays a role in physiological courses such as embryo developing,
tissue shaping, hematopoiesis modulating, growing and
ageing, but also has a close relation to cancer occurrence
and development[5]. The occurrence of cancer is related to
the over-proliferation of carcinoma cells and the relative
destitution of apoptosis.
It was reported that the apoptosis index in HCC is
apparently lower than that in tissues of normal liver, chronic
hepatitis, hepato-cirrhosis, and adjacent cancer tissues[6-9]. It
has also been found that the cell proliferation augment usually
accompanies increased apoptosis during HCC development[10].
The result of this study is consistent with the latter case
with a result indicating that the natural incidence rate of
apoptosis in normal hepatic cells is low (1-0.3%). The
averaged apoptosis indices of pre-HCC tissues and
carcinoma-adjacent tissues taken at wk 30 and 60 were
0.57, 0.70%, and 0.71% respectively. Though no significant

>0.05
<0.05
<0.01
<0.05
<0.01

difference was found when intra-group comparison was made,
these indications were higher than those at the same stage
of the control group suggesting that cell apoptosis during
the development of HCC increases. The possible reason
for the different reports mentioned above is that invariableness
of cell number of multi-cell organisms depends upon the
dynamic equilibrium between cell proliferation and apoptosis.
Cancer occurrence and development are the results of
destruction of the equilibrium. Therefore, besides the blockade
of cell proliferation and apoptosis, cell apoptosis may increase.
In the latter case, the speed of apoptosis is lower than that
of malignant cell proliferation, thus resulting in a net
augment of cell number. It is believed that this is related to
blood supply deficiency that results in anoxemia of tumor
cells and induces apoptosis increment.
Relationship between p53, bcl-2, bax, and survivin expression,
HCC, and apoptosis
Fifty percent of human tumors are related to p53 mutation.
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The wild-type p53 has a very short half life, and cannot be
detected by immunohistochemistry method. The half life
of mutant p53 is long enough to allow detection by the
same method[11]. The possible reason is that the control
animals are free from cancer-inducible factors so that the
liver tissues do not present any substantial change. At the
late stage of our experiment, p53 was significantly expressed
(0.60% and 71.4%), showing that the mutant p53 participate
in occurrence of liver cancer. It is also found that p53
protein expression does not relate to apoptosis index level.
The reason may be that during the development of idiopathic
HCC, liver cell apoptosis increases with the augment of
liver cell proliferation. In addition, in this experiment p53positive tissues accompanied the expression of the apoptosispromoting gene bax, which may counteract the influence
of p53 on apoptosis. Therefore, in AFB1-induced HCC
p53 expression does not inhibit cell apoptosis but stimulates
cell proliferation, thus promoting the malignant conversion
of cells.
It was reported that bax can significantly promote cell
apoptosis [12], yet bcl-2 has anti-apoptosis effects. Bax
distributes in tissues and cells in human body, and its
expression is high in liver and kidney tissues, but low in
most carcinoma tissues. This study found that bax did not
express in tissues of the control animals, but expressed
apparently with an increasing tendency in tissues of the
HCC-infected animals. Presently, there are still some
controversies over the relationship between bcl-2 and HCC.
Results from this study indicate that bcl-2 is significantly
expressed in HCC tissues but not in tissues of control
animals. The scores of bcl-2 expression present an increasing
trend, suggesting that both bax and bcl-2 proteins take part
in the formation of HCC.
The anti-apoptosis effect of bcl-2 is affected by bax.
The bcl-2/bax ratio is a key factor for determining apoptosis.
When bcl-2 expresses excessively, bcl-2-bax heterogeneous
dimer predominates, thus inhibiting apoptosis[13]. When bax
expresses excessively, bax-bax homogeneous dimer or
monomer predominates, thus promoting apoptosis. This
study found that apoptosis index for bcl-2-positive HCC
tissues was higher than that for bcl-2-negative tissues. In
bcl-2-positive tissues, bax appeared positive. Because of
the overexpression of bax, bax-bax homogeneous dimer
predominates, thus speeding up apoptosis.
Survivin, a recently discovered anti-apoptosis gene, bears
the following anti-apoptosis mechanisms: (1) directly inhibiting
the activity of the terminal-responsive enzymes caspase-3
and caspase-7, which act during the apoptosis process, thus
blocking up apoptosis [14] ; (2) combining the cell cycle
modulator CDK4 to form survivin–CDK4 complex, thus
causing CDK4 complex releasing p21 that further combines
with caspase-3 within mitochondrion, so as to inhibit the
activity of caspase-3, eventually blocking apoptosis[15].
Although survivin inhibits various kinds of stimulantinduced apoptosis through a direct action on caspase,
survivin does not significantly present any anti-apoptosis
effect in HCC. This study found that survivin rendered
high expression in normal liver tissues, experimental animal
liver tissues, and HCC tissues, showing no significant
difference between these three tissues. This is in accordance
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with the previous report[16]. In HCC, apoptosis index for
survivin-positive tissues is higher than that for survivinnegative tissues, suggesting that during the formation of
HCC, enhancement of survivin expression is a late incident.
The possible reason is that tumor formation activates through
a certain mechanism, then holds down apoptosis of
carcinoma cells, and at last results in consecutive proliferation
and differentiation of carcinoma cells. Therefore, the
primary effect of survivin in HCC is to inhibit cell apoptosis
and promote cell proliferation and malignant conversion.
Interrelationship between p53, bcl-2, bax, and survivin in HCC
Carcinoma occurrence is an extremely complicated course.
Though it is known that genes have a close relation to
carcinoma occurrence, but whether they relate to each other
is still unknown. p53 is an important apoptosis-regulating
gene and modulates apoptosis through many pathways. It
was reported that p53 serves as a very important regulator
bax, that promotes apoptosis through the bax pathway[17,18].
p53 also causes downregulation of bcl-2[19,20] and survivin[21]
at protein and mRNA level. This study showed that there
was no significant interrelation between p53, bcl-2, bax,
and survivin in HCC. This may result from the fact that
the mutation of p53 has lost effect on expression of bax,
bcl-2, and survivin. In HCC tissues of 14 bcl-2-positive
cases, bax was positive for all cases; in HCC tissues of 21
bcl-2-negative cases, bax was positive for 10 cases; in HCC
tissues of 25 bax-positive cases, bcl-2 was positive for 14
cases; in HCC tissues of 11 bax-negative cases, bcl-2 negative
for all cases. Inter-group comparison showed that the
difference was rather significant, suggesting that there is a
mechanism of co-transcript or mutual activation between
bcl-2 and bax.
In conclusion, apoptosis rate in normal liver cells is
extremely low and increases during the development of
HCC. Apoptosis-related genes p53, bcl-2, bax, and survivin
are all related to HCC occurrence, and their expression
renders an increasing tendency during the formation of
HCC. There is no distinct relationship between bcl-2, bax,
and survivin, but there is a close relationship between bcl-2
and bax. Bax can facilitate apoptosis, and the anti-apoptosis
effect of bcl-2 is affected by bax. Therefore, the bax/bcl-2
ratio reflects more accurately the extent of cell apoptosis.
Survivin relates negatively to the apoptosis index, and its
expression inhibits apoptosis. In HCC, p53 is not noticeably
related to cell apoptosis, and its high expression may relate
to the proliferation of liver cells.
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Abstract
AIM: To study the immuno-modulatory effect of resveratrol
(RES) on allograft rejection after liver transplantation in
rats.
METHODS: Male Sprague-Dawley (SD) rats were selected
as donors and male Wistar rats as recipients for a rejection
model. The recipients were divided into four groups after
orthotopic liver transplantation (OLTx). In the RES A, B,
and C groups, RES was given intra-peritoneally once a
day (25, 50, and 100 mg/kg, respectively) after OLTx,
whereas in the control group, vehicle buffer was given
intra-peritoneally once a day. The survival time, serum
chemistry, production of cytokines, activation of transcription
factor NF-κB, and histopathologic findings were then
compared among these groups.
RESULTS: The mean survival time after OLTx in the RES
C group was significantly longer than that in the control
group (16.7±1.2 d vs 9.3±0.6 d, P<0.01). On the 7th posttransplant day the serum albumin level significantly
improved in the RES C group, the serum total bile acid
and alanine aminotransferase (ALT) levels were
significantly lower in the RES C group, the serum IL-2
and INF-γ levels were significantly lower in the RES C
group, and the activation of transcription factor NF-κB in
peripheral blood T lymphocytes was significantly suppressed
in the RES A, B, and C groups in comparison to those in
the control group. On the 7 th post-transplant day, a
histological examination revealed apparent difference in
the severity of rejection between the RES C group and
control group.
CONCLUSION: RES has an immuno-suppressive property
as well as protective effect on hepatocytes under allograft
rejection. It might serve as a novel agent for reducing
the severity of hepatic allograft rejection in rats.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Since the introduction of cyclosporine and tacrolimus for
the control of post-operative rejection, liver transplantation
has become an established surgical technique and is now
performed on patients with various terminal liver diseases.
Most instances of mortality after liver transplantation are
still attributed to infection, and such infection is apt to occur
as a result of over-immunosuppression to severe rejection[1-3].
Rejection is still a leading cause of morbidity and mortality
after liver transplantation. To improve the survival after liver
transplantation, novel strategies are still needed for the
treatment of the rejection.
Resveratrol (3,5,4’-trihydroxystilbene, RES) is a
polyphenol present in a limited number of plants[4], mainly
in grapes with levels up to tens of grams per kg[5], where it
is synthesized in response to stress conditions such as fungal
infections and trauma[4]. Many studies have demonstrated
that this molecule exhibits a wide range of biological and
pharmacological activities both in vitro and in vivo[6]. A series
of studies showed that resveratrol has anti-oxidant properties[7],
anti-inflammatory properties[8,9], and cancer-chemopreventive
activity[10,11]. Many of the biological activities of resveratrol,
like the inhibition of cyclooxygenase[8], induction of CD95
signaling-dependent apoptosis[12], effects on the cell division
cycle[13] and modulation of NF-κB activation[14], indicate a
possible effect on immune response and many in vitro experiments have proven that resveratrol has immuno-modulatory
activity[15-17].
To our knowledge, there has not been a report on the in
vivo immuno-modulatory effect of RES on hepatic allograft
after transplantation. We therefore investigated whether RES
might have any beneficial effect on hepatic allograft after
transplantation.
MA
TERIALS AND METHODS
MATERIALS
Materials
Male Sprague-Dawley (SD) rats 9-10 wk old weighing
190-210 g as donors and male Wistar rats 7-8 wk old
weighing 190-210 g as recipients were purchased from
the Animal Center of Xi’an Jiaotong University (Xi’an,
China) and Animal Center of Shanxi Medical College
(Shanxi, China), respectively. All rats were allowed free access
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to water and standard laboratory chow. Before operation
the rats were fasted for 12 h and only allowed free access
to water. All animal protocols were approved by the Xi’an
Jiaotong University Institutional Animal Care and Use
Committee.
Resveratrol, dimethyl sulfoxide (DMSO), and IL-2 and
INF-γ ELISA kits were purchased from Sigma Chemical
Co. RPMI-1640, HEPES, EDTA, EGTA, DTT, PMSF, and
NP-40 were from Gibco BRL. NF-κB consensus oligonucleotide
and single base pair mutant were from Promega. Fetal
bovine serum was from SiJiQing Co., Hangzhou, China.
32
P-ATP was from Beijing Isotope Co., China.
Orthotopic liver transplantation
Orthotopic rat liver transplantation (OLTx) was performed
by the cuff technique as described by Kamada and Calne[18],
with some slight modifications. With the rat under ketamine
anesthesia (75 mg/kg), the liver was gently skeletonized and
flushed with chilled lactated Ringer’s solution through the
abdominal aorta. Special care was taken for minimal
manipulation of the graft and portal vein and bile duct for
reconstruction. The liver was harvested and stored at 4
in lactated Ringer’s solution until transplantation. OLTx was
performed without hepatic artery reconstruction. The suprahepatic vena cava was anastomosed with 7-0 Prolene
continuous suture (Ethicon, Somerville, NJ) and portal vein
and inferior vena cava reconstruction was performed by
the cuff technique. The bile duct connection was made
with an intra-luminal epidural catheter stent. In rat liver
transplantation, the cold ischemic time and anhepatic phase
were 40-50 min and 14-16 min, respectively, and no significant
difference was recognized among these groups.
RES administration and graft survival
The RES was dissolved and sterilized in DMSO and
then diluted in RPMI-1640 to 5, 10, and 20 mg/mL. The
recipients were randomly divided into four groups after
OLTx. In the RES A, B, and C groups, 1 mL of these
preparations was administered by intra-peritoneal route once
a day after OLTx (25, 50, and 100 mg/kg, respectively)
and in the control group, vehicle buffer was given by
intraperitoneal route once a day after OLTx.
Six rats were left in each group until they died. The rats
used to evaluate graft survival were given RES or vehicle
buffer until they died.
Liver function test and ELISA
Six animals in each group were killed on the 7th
posttransplant day for blood collection. A 6-mL blood sample
was obtained from the vena cava. Two milliliters blood was
for 10 min
centrifuged immediately at 3 000 r/min at 4
until analysis. Albumin, total bile acid,
and stored at -80
and alanine aminotransferase (ALT) were assayed by
standard enzymatic methods, while serum IL-2 and INF-γ
levels were assayed by ELISA.
EMSA
The remaining 4 mL of blood was used for the detection
of NF-κB activation in peripheral blood T lymphocytes.
First, the peripheral blood mononuclear cells were separated
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by standard Ficoll-Hypague gradient centrifugation, and then
incubated in RPMI-1640 culture medium containing 10%
calf serum. The cell suspension was separated from the
adherent cells the next day and T-lymphocyte subpopulation
was obtained by magnetic separation column according to
the instructions of the manufacturer (Miltenyi Biotec,
Germany). The purity of the cell population was confirmed
by FACScan analysis and cell viability was determined by
trypan blue dye exclusion.
Then T-lymphocyte nuclear extracts were prepared by
the modified procedure of Dignam et al. [19]. Following
treatment, cells were washed thrice with PBS, resuspended,
and incubated on ice for 15 min in hypotonic buffer A
(10 mmol/L HEPES, pH 7.9, 10 mmol/L KCl, 0.1 mmol/L
EDTA, 0.1 mmol/L EGTA, 1 mmol/L DTT, 0.5 mmol/L
PMSF, and 0.6% NP-40). Cells were vortexed gently for
lysis, and nuclei were separated from cytosolic components
by centrifugation at 12 000 g for 1 min at 25 . Nuclei
were resuspended in buffer C (20 mmol/L HEPES, pH 7.9,
25% glycerol, 0.4 mol/L NaCl, 1 mmol/L EDTA, 1 mmol/L
EGTA, 1 mmol/L DTT, 0.5 mmol/L PMSF) and shaken
for 30 min at 4 . Nuclear extracts were obtained by
centrifugation at 12 000 g for 10 min at 25 . Protein
concentration was measured by the Bradford assay (BioRad).
For binding reactions, nuclear extracts (10 µg of
protein) were incubated in a 25-µL total reaction volume
containing 20 µmol/L HEPES, pH 7.9, 60 mmol/L NaCl,
0.1 mmol/L EDTA, 1 mmol/L DDT, 8% glycerol, and
2.55 µg/mL of poly (dl-dC, Pharmacia). Double-stranded
radiolabeled NF-κB oligonucleotide probe (5’-CGCTTGATGAGTCAGC-CGGAA-3’) was added to the mixture
after pre-incubation for 15 min at 4 , and the reaction
mixture was then incubated for 20 min at room temperature.
Samples were loaded on 6% polyacrylamide gels in lowionic-strength 0.25× TBE buffer (22.3 mmol/L Tris,
22.2 mmol/L borate, 0.5 mmol/L EDTA) and run at
150 V/cm with cooling. The gels were dried and analyzed
by autoradiography.
Histopathologic examination
Liver specimens were collected from five animals in each
group on the 7th post-transplant day and fixed in 10% neutral
buffered formalin. Then, the specimens were embedded in
paraffin and 3 µm thick sections were cut and stained with
hematoxylin and eosin (H&E). A single blinded pathologist
examined the liver graft specimens.
Statistical analysis
All data were expressed as mean±SD, and Student’s t-test
was used to evaluate the significance of the difference
between experimental groups and control group. The
survival time were compared according to the Kaplan-Meier
and log rank analysis. P<0.05 was considered statistically
significant.

RESUL
TS
RESULTS
Graft survival
The mean survival time was 8.3±0.6, 11.7±1.5, and
16.7±1.2 d in the RES A, B, and C groups, respectively,
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and 9.3±0.6 d in the control group. The difference between
the RES C group and control group was statistically
significant (P<0.01). The survival rates in the four groups
are shown in Figure 1.
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significant (P<0.05). The serum cytokine levels on the 7th
post-transplant day in the four groups are shown in Table 2.

Table 2 Effect of RES on IL-2 and INF-γ production in rats after
OLTx (mean±SD)
Group

80

Res C group

60

Control group

40

INF-γ
(ng/L)

Control

0.0

6

294.4±38.0

101.3±14.1

RES A
RES B

25.0
50.0

6
6

305.1±82.8
241.7±38.1

96.5±6.5
82.8±14.9

RES C

100.0

6

195.7±42.4a

66.6±15.7a

20

5

10

15

20 (POD)

Figure 1 Survival rate of rats after liver transplantation.

Liver function tests
Table 1 shows the serum chemistry data that reflected the
liver functions after OLTx. On the 7th posttransplant day
the albumin level was 2.0±0.1, 2.2±0.1, and 2.7±0.2 g/dL
in the RES A, B, and C groups, respectively, whereas it was
2.1±0.3 g/dL in the control group. The difference between
the RES C group and control group was statistically
significant (P<0.05). The total bile acid was 314.7±97.5,
270.4±93.7, and 155.4±34.2 µmol/L in the RES A, B, and
C groups respectively, whereas it was 353.9±84.4 µmol/L
in the control group. The difference between the RES C
group and the control group was significant (P<0.05). ALT
was 1 112.1±159.4, 806.5±135.2, and 482.7±101.2 U/L
in the RES A, B, and C groups respectively, whereas it was
1137.5±235.4 U/L in the control group. The difference
between the RES C group and the control group was
significant (P<0.05).

Table 1 Effect of RES on liver function in rats after OLTx (mean±SD)

RES B
RES C

IL-2
(ng/L)

P<0.05 vs control.

0

Control
RES A

n

a

0

Group

Dose
(mg/kg)

Dose
(mg/kg)

n

Albumin level
(g/dL)

Total bile acid
(µmol/L)

0.0
25.0

6
6

2.1±0.3
2.0±0.1

353.9±84.41
314.7±97.5

50.0
100.0

6
6

2.2±0.1
2.7±0.2a

270.4±93.7
155.4±34.2 a

ALT
(U/L)
1 137.5±235.4
1 112.1±159.4
806.5±135.2
482.7±101.2 a

Activation of NF-κB
The activation of NF-κB DNA binding activity in peripheral
blood T lymphocytes was 57.00±3.00, 52.33±2.08, and
41.67±1.53 U in the RES A, B, and C groups respectively,
whereas it was 100.33±7.57 U in the control group, being
significantly lower in the RES A, B, and C groups than in
the control group (P<0.05). Figure 2 demonstrates the
measurable NF-κB DNA binding activity in the four groups
on the 7th post-transplant day.

A

Control RES A RES B RES C

B 120
NF-κB arbitrary units

Survival rate (%)

100

100
80
60
40
20
0

ResA

ResB

ResC

Control

Figure 2 Levels of NF-κB in peripheral T lymphocytes analyzed by EMSA (A)
AND quantitation of NF-κB activity by PhosphorImager(B).

a

P<0.05 vs control.

ELISA
The IL-2 level was 305.1±82.8, 241.7±38.1, and
1 9 5 . 7 ± 4 2 . 4 ng/L in the RES A, B, and C groups
respectively, whereas it was 294.4±38.0 ng/L in the control
group. The difference between the RES C group and the
control group was significant (P<0.05). The INF-γ level
was 96.5±6.5, 82.8±14.9, and 66.6±15.7 ng/L in the
RES A, B, and C groups respectively, whereas it was
101.3±14.1 ng/L in the control group. The difference
between the RES C group and the control group was

Histopathologic examination
All the four groups showed the typical signs of severe graft
rejection with intense portal infiltrate. There was an apparent
difference in the severity of rejection between the RES C
group (Banff score 4.3±1.5) and control group (Banff score
7.3±0.6) on the basis of Banff schema by a blinded
pathologist (P<0.05). Figure 3 shows the H&E staining of
histologic sections in the RES C group and control group
on the 7th posttransplant day.

DISCUSSION
The immuno-modulatory effect of resveratrol has been reported
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A

B

Figure 3 Typical signs of severe graft rejection in control group (A) and RES
C group (B).

with use of mouse splenic lymphocytes, lymphokine activated
killer (LAK) cells, mouse macrophage-like cell line RAW
264.7, and human peripheral blood T lymphocytes[15,20-23].
Gao et al.[15], reported that RES inhibits splenic lymphocyte
proliferation, induction of cytotoxic T lymphocytes, and
cytokine production, at least in part through the inhibition
of NF-κB activation. Yu et al.[20], reported that RES can
suppress notably the proliferation and transformation of
human lymphocytes and the combination of resveratrol at
a given concentration with cyclosporine-A can enhance
immune suppression. Although most of these studies focused
on the immunosuppressive effects of RES, a few experiments
showed that low dose RES could enhance cell-mediated
immune response. Feng et al. [23] , reported that RES
(4 mg/kg, ig) promotes DTH response of mouse. However,
the detailed mechanisms of the bi-phasic modulatory effects
of RES remain to be studied. Our study revealed that RES
could downregulate NF-κB activation of peripheral T
lymphocytes and IL-2 and INF-γ serum levels and decrease
portal infiltrate of T lymphocytes in rats with severe rejection.
RES has also been shown to promote albumin synthesis
and prevent elevation of total bile acid and ALT and prolong
the survival time of rats after liver transplantation.
As rejection occurs in the graft, hepatocytes are destroyed
by infiltrating T lymphocytes. Hepatic function deteriorates
as the number of hepatocytes decreases, and rejection
eventually kills the recipient unless immuno-suppressants are
given. In this hepatic allograft rejection model, RES decreased
the number of accumulated mononuclear cells around the
Glissonian triad in the H&E stained section on the 7 th
posttransplant day. RES may influence lymphocytes in the
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hepatic allograft because of its influence on NF-κB of T
lymphocytes[24].
Transcription factor NF-κB, and other members of the
Rel homology family of transcription factors play a pivotal
role in the transcription of genes involved in immune and
inflammatory responses[25], and in cell proliferation and
transformation [26,27]. It is possible that suppression of
lymphocyte infiltration and cytokine production by resveratrol
may result from suppression of NF-κB activation. In resting
cells, NF-κB remains sequestered in the cytoplasm in a
functionally inactive form, non-covalently bound to an
inhibitory protein, IkB. Upon stimulation of cells with mitogens,
antigens, or cytokines, IkB dissociates from the NF-κB
complex, allowing NF-κB to translocate to the nucleus where
it binds to kB motifs in the promoter region of the response
genes. In our study, peripheral T lymphocytes expressed high
levels of activated NF-κB. However, after administration
of RES, the NF-κB activation due to the stimulation of
heterogeneous antigens was blocked partly. These results
are consistent with those of other investigators[14,28].
It has been generally accepted that the immune response
leading to graft rejection is accompanied with an increase
of cytokine production by the primed T cells. Cytokines are
essential for the differentiation, proliferation and amplification
of the T cells[29]. The most important cytokine is IL-2, which
is essential for activated T cell proliferation[30,31], and INF-γ
is mainly secreted by activated T cells[32] and induces MHC
class I antigen expression in several kinds of cells such as
lymphocytes [33] , myocytes [34] , endothelial cells [35] and
fibroblasts[36]. Some studies have shown that the gene expression
of IL-2 and INF-γ by intragraft is specific to acute rejection,
which precedes histopathologic manifestations in liver
transplantation [37,38]. We also investigated the effect of
resveratrol on the production of INF-γ and IL-2, and found
that RES could suppress the serum IL-2 and INF-γ levels
in rats after liver transplantation when it was administered
at a dosage of 100 mg/kg body weight. The results are
consistent with other reports[15,22].
In conclusion, resveratrol downregulates the serum IL-2
and INF-γ levels, decreases the lymphocyte infiltration in
allograft liver, prolongs the mean survival time after OLTx.
Suppression of the activation of transcription factor NF-κB
in peripheral T lymphocytes appears to be a part of the
mechanism by which resveratrol inhibits the in vivo
development of immunological responses.
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Abstract
AIM: To investigate the expression of interferon inducible
protein-10 (IP-10) in pancreas of mice and to discuss its
possible role in the pathogenesis of type 1 diabetes.
METHODS: Non-obese diabetic (NOD) mice were used
as experiment group and BALB/c mice as non-diabetic
prone model. Immunohistochemistry method was used to
evaluate the expression of IP-10 in the pancreas of NOD
mice and BALB/c mice. Immunoelectron microscope was
used to show the location of IP-10 in pancreatic islet β
cells.
RESULTS: Pancreatic islets were positively stained in all
the NOD mice. Insulitis could be found in mice at the age
of 4 wk. The weakly positive results were found in control
group with no insulitis. Immunoelectron microscopy further
demonstrated that IP-10 was produced by pancreatic β
cells and stored in cytoplasm of the cells.
CONCLUSION: IP-10 can be largely produced in pancreatic
islets of NOD mice at the age of 2 wk when there is no
significant insulitis, and may play an important part in the
pathogenesis of type 1 diabetes by attracting immune cells
to infiltrate the pancreatic islets.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Type 1 diabetes has been recognized as an organ specific
autoimmune disease due to the immune destruction of
pancreatic islet β cells in genetically susceptible individuals[1].
In both human and rodent models of Type 1 diabetes, the
disease has a distinct stage characterized by infiltration of
immune cells in the pancreas (insulitis). The major populations
of infiltrating cells are macrophages and lymphocytes.
Therefore, immune cell infiltration in pancreatic islets may
be a crucial step in the pathogenesis of type 1 diabetes[2].
Experiments have shown that interferon induced protein10 (IP-10), an important member of CXC chemokine
subfamily, has chemoattractant effects on monocytes and
activated lymphocytes[3]. Thus, we hypothesize that IP-10
may recruit immune cells into the pancreas by binding to
the chemokine receptor, CXCR4 expressed on the target
cells, thus leading to type 1 diabetes. In this study, we
evaluated the expression of IP-10 in the pancreas of animal
model of type 1 diabetes and discussed its possible role in
the pathogenesis of type 1 diabetes.
MA
TERIALS AND METHODS
MATERIALS
Experimental animals and samples
Experimental NOD mice were obtained from Shanghai
Laboratory Animal Center, Chinese Academy of Sciences.
Pancreatic islet infiltration of immune cells appeared and
insulitis developed in the mice at the age of 4 wk. Insulitis
became most serious at the age of 9-10 wk. The remaining
pancreatic β cells decreased to 10% of normal levels and
diabetes developed. The incidence of diabetes in female NOD
mice was higher than that in males. BALB/c mice were
used as non-diabetes and non-autoimmune-prone control.
Blood glucose in all the mice was measured before death.
If the blood glucose concentrations exceeded 300 mg/L,
diabetes could be considered.
The mice were killed by decollation. Pancreases were
fixed in 40 g/L formaldehyde and embedded in paraffin.
Paraffin-embedded tissues were sectioned and stained with
hematoxylin-eosin and analyzed by light microscopy.
Expression of IP-10
Dewaxed sections were stained using streptavidin-biotinperoxidase complex (SABC) method (Wuhan Boster Biological
Technology Co., Ltd). Primary antibody was goat -antimouse polyclonal antibody (Santa Cruz Biotechnology, Inc.).
The color of the complex was developed using 3,3’-diaminobenzidine tetrahydrochloride (DAB) kit (AR1022). The
sections were counterstained with hematoxylin, dehydrated
and mounted, examined microscopically.

Li D et al. Interferon inducible protein-10 in insulitis

Immunoelectron microscopy
The samples were fixed with 1% osmic acid, after the color
reaction using DAB. Sections were dehydrated in graded ethanol
solutions and embedded in Epon 872. Ultra-thin (70 nm)
sections were made and stained with uranyl acetate, and then
examined under JEM-1200EX (JEOL) electron microscope.

RESUL
TS
RESULTS
Expression of IP-10 in NOD mice
Pancreatic islets were positively stained in all NOD mice.
Insulitis could be found at the age of 4 wk (Figures 1A-D)
Expression of IP-10 in BALB/C mice
Weakly positive results were found in the pancreatic islets
of BALB/c mice, which were stained light brown (Figure 2).
No insulitis could be found.
Immunoelectron microscopy in NOD mice
Immunoelectron microscopy demonstrated that IP-10 was
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produced by pancreatic β cells and stored in cytoplasm of
the cells (Figure 3).

DISCUSSION
Type 1 diabetes is a chronic disease, severely affecting the
health of children. Its incidence has been increasing
continuously from 1980s. In both human and rodent models
of Type 1 diabetes, the disease has a distinct stage characterized
by immune cell infiltration in pancreas (insulitis). The major
populations of infiltrating cells are macrophages and
lymphocytes. Therefore, the infiltration of macrophages
and lymphocytes may be a crucial step in the auto-immune
response of type 1 diabetes. IP-10 is a member of CXC
chemokine subfamily and has chemoattractant effects on
monocytes and activated lymphocytes. Thus, we suppose
that it may play an important part in the immune cell
infiltration of pancreatic islets.
We demonstrated in this study that the expression of
IP-10 was positive in the pancreas of both NOD mice and

A

B

C

D

Figure 1 Expression of IP-10 in pancreatic islets of NOD mice at the age of 2

wk (A), 4 wk (B), 8 wk (C), and 14 wk (D).

Figure 2 Expression of IP-10 in pancreatic islets of BALB/C mice at the age of 4 wk.

Figure 3 Various shapes of IP-10 crystal in pancreatic islet β cells.
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BALB/c mice, which agrees well with the findings of Arimilli
et al.[4], suggesting that IP-10 is constitutively produced by
the pancreatic islets in mice. But the production of IP-10 is
small because weak expression of IP-10 has been shown in
BALB/c mice, and IP-10 produced has no chemoattractant
effect as no infiltration of immune cells could be found in
the control group. It has long been known that chemokines
have many functions in addition to chemo-attractant effect.
IP-10 is involved in delayed-type allergy and the suppression
of angiogenesis. Therefore, IP-10 has other biological functions
in normal pancreatic tissues other than chemoattractant
effect. Few studies on expressions of IP-10 in pancreas are
available. The acute functions of the constitutive expressions
of IP-10 in pancreatic tissues need further study. But, the
pancreatic islets of diabetic mice produce high level of IP10 and accompanied insulitis, which supports our hypothesis
that abundant IP-10 can be produced in a pathological
environment and attract immune cells into pancreatic tissues.
Our study also proved that IP-10 could be found in the
pancreatic islets of NOD mice at the age of 2 wk when
there was no significant insulitis, suggesting that IP-10 is
produced at the onset of diabetes. Its concentration may
not be high enough to cause insulitis at first. As IP-10
accumulates, more immune cells can be recruited into the
pancreatic islets and finally result in insulitis.
Viral infections and inflammatory cytokines including
IL-1β and interferon-γ are important factors triggering type 1
diabetes. Double stranded RNA (dsRNA) produced by virus
cooperated with IL-1β and Interferon-γ or IL-1β could
induce high levels of IP-10 in human and NOD mice
pancreatic β cells in vitro[5,6]. Our study also showed that IP10 existed in the pancreatic β cells. These results indicate
that pancreatic β cells can produce IP-10, and that virus
and inflammatory cytokines can initiate expression of IP10 in vivo. Pancreatic β cells are possibly one of the main
sources of IP-10. It has been reported that pancreatic islet
specific Th1 cells can produce IP-10 and may be another
source[7].
We can speculate about the possible mechanism of viral
infections causing diabetes based on the present studies.
Viruses induce the expression of IP-10 in pancreatic β cells,
and IP-10 is secreted into the pancreatic islets. Then, peripheral
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immune cells migrate into the pancreatic islets along with
the IP-10 concentration gradient and result in insulitis.
Since few studies on the role of IP-10 in type 1 diabetes
are available, our data are necessary to be confirmed by
more studies. There is no study on the expression of IP-10
in the pancreas of patients with type 1 diabetes. Although
the serum IP-10 levels in newly diagnosed patients with type 1
diabetes are much higher than those in healthy subjects[8],
chemokines tend to form high concentration grade in local
secretion point that attract target cells. The serum chemokine
level cannot reflect the true conditions of expressions of
chemokine in human pancreas.
In conclusion, IP-10 may play an important part in the
pathogenesis of type 1 diabetes by attracting immune cells
to infiltrate the pancreatic islets.
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Abstract
AIM: To investigate the influence of HLA-DRB1 alleles and
HBV genotypes on interferon-α therapy for chronic hepatitis B.
METHODS: HLA-DRB1*03, *07, *09, *12, *15 alleles were
determined using polymerase chain reaction/sequence
specific primer (PCR/SSP) technique in 126 patients with
chronic hepatitis B and 76 normal control subjects in
Shandong Province, and HBV genotypes were determined
by nested-PCR analysis using type-specific primers in 126
patients.
RESULTS: The positivity of HLA-DRB1*07 allele in chronic
hepatitis B group was significantly higher than that in normal
control group (χ2 = 6.33, P<0.025, RR = 2.37). Among the
126 patients, genotype B was found in 38 (30.2%), genotype
C in 69 (54.8%), and mixed genotype (B+C) in 19 (15.0%),
genotypes D-F were not found. Among the 46 DRB1*07(+)
patients, 7 were responders and 39 were non-responders
among them (χ2 = 6.71, P<0.05). The positivity of HLADRB1*07 and prevalence of HBV genotype C were
significantly higher in non-responders than in responders.
CONCLUSION: High positivities of HLA-DRB1 *07 allele
and HBV genotype C are closely associated with the lower
response to interferon-α therapy for chronic hepatitis B.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) is a well-known agent of acute and

chronic hepatitis. Seventy-five percent of the estimated 400
million patients with chronic HBV infection in the world
are Asians[1]. Transient infections may cause fatal, fulminant
hepatitis and chronic infections may lead to liver cirrhosis
and even hepatocellular carcinoma.
Interferon-α (IFN-α) has anti-viral, immuno-modulatory,
anti-proliferative, and gene induction properties. Treatment
with interferon-α results in the clearance of HBeAg, and is
associated with improved clinical outcomes[2]. It is wellknown that several factors influence the response, including
viral factors (particularly serum HBV-DNA loads), host
factors, which may be genetic (sex, cytokine polymorphism),
other factors such as age, serum aminotransferase activities,
grade of inflammatory activity in liver, presence of cirrhosis,
and race. The aim of this study was to identify the influence
of HLA-DRB1 alleles and HBV genotypes on the response
to interferon-α therapy.

MA
TERIALS AND METHODS
MATERIALS
Subjects
A total of 126 patients (94 males, 32 females, mean age:
33.2±10.6 years) with chronic hepatitis B and 76 healthy
controls (54 males, 22 females, mean age: 33.8±9.8 years)
were enrolled in this study. These patients received treatment
in the Department of Infectious Diseases, Qilu Hospital of
Shandong University, China. The diagnoses of these patients
were made according to the criteria established in the
National Viral Hepatitis Conference of China (2000). All
the patients and controls were Chinese Han people from
Shandong Province. HCV infection, auto-immune hepatitis
and metabolic disorders were excluded by appropriate clinical
and laboratory evaluations. They had no histories of
malignancy or depression, immunodeficiency virus infection,
liver cirrhosis, decompensated liver diseases, use of IFN
and thyroid abnormality, chemotherapy, or other agents
that could influence treatment outcomes. HLA-DRB1*03,
*07, *09, *12, *15 alleles were determined in all patients
and healthy controls. HBV genotypes were detected only
in patients.
The 126 patients received IFN-α treatment subcutaneously
at a dose of 3 MU thrice weekly for 24 wk. The response to
IFN-α therapy was defined as loss of HBeAg, sero-conversion
to anti-HBe, normalization of serum ALT levels and HBVDNA (-). The patients with a response were described as
‘responders’ and those without response as ‘non-responders’
in this report.
Serological tests
Sera were tested for ALT, HBeAg, anti-HBeAg, and HBV-
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Genotyping of HLA alleles
Genomic DNA was extracted from frozen blood clots by
proteinase K digestion followed by phenol/chloroform
extraction and ethanol precipitation. DNA was typed for
HLA class II alleles DRB1*03, *07, *09, *12, *15 by polymerase
chain reaction (PCR), using published sequence-specific
primers[2]. A total amount of 50 µL PCR reaction solution
contained 1 µL of each sequence specific primer (10 µmol/L),
2 µL of genomic DNA (60-80 ng/µL), 5 µL of 10× buffer,
5 µL of MgCl2 (15 mmol/L), 5 µL of dNTP (2 mmol/L),
0.4 µL of Taq polymerase (5 U/µL) and 30.6 µL of
deionized H 2O. The PCR cycling parameters of HLAfor
DRB1 alleles were as follows: pre-denaturation at 94
for 30 s, annealing at 55
5 min, denaturation at 94
for 1 min, extension at 72
for 50 s, repetition for 30
for 5 min.
cycles and final extension at 72
Genotyping of HBV
Nucleic acid of HBV was extracted from 200 µL serum
for 10 min and the HBV
samples by heating at 100
genome was amplified by nested PCR using universal primers
for the outer primers, followed by two different mixtures
containing type-specific inner primers[3]. The first round of
PCR was carried out in a tube containing 40 µL of a reaction
buffer containing 4 µL of HBV-DNA, 4 µL of 10× buffer,
4 µL of MgCl2 (15 mmol/L), 4 µL of dNTPs (10 mmol/L),
0.2 µL of Taq polymerase (5 U/µL), 4 µL of each outer
primer (12.5 µg/mL), and 15.8 µL of deionized H2O. The
thermocycler was programmed to incubate the samples
for
for 2 min at 94 , followed by 35 cycles, each at 94
15 s, at 58 for 30 s, at 72 for 30 s, and final extension at
72 for 7 min. Two second rounds of PCR were performed
for each sample, with the common universal anti-sense
primers for mixA and mixB. Two microliters of the first
PCR product was added to two tubes containing the second
sets of each of the inner primer pairs, each of the deoxynucleotides, Taq polymerase and PCR buffer, as in the first
reaction, then amplified with the following parameters:
for 2 min, then followed by 35 cycles,
preheating at 94
for 15 s, at 60
for 30 s, at 72
for 30 s,
each at 94
for 7 min.
and final extension at 72
HLA-DRB1*03, *07, *09, *12, *15 alleles and genotypes
of HBV for each sample were determined by identifying
the genotype-specific DNA bands. All the primers were
synthesized by Shanghai Branch, Canadian Sangon Company.
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Taq DNA polyenzyme and dNTPs were also purchased
from Shanghai Branch, Canadian Sangon Company. pUC19
DNA/MspI (HpaII) marker 23 was purchased from MBI
Fermentas. Amplifications of all samples were performed
in a GeneAmp PCR system (GeneAmp PCR system 9600;
Perkin Elmer).
Detection of PCR products
PCR products were electrophoresed on 2% agarose gel,
stained with ethidium bromide, and evaluated under
ultraviolet light. The sizes of PCR products were estimated
according to the pUC19 DNA/MspI (HpaII) marker 23.
Statistical analysis
The positivity of HLA-DRB1 alleles was calculated by direct
count. The positive number (PN) of the study group was
compared with that of the control group using χ2-test.
Relative risk frequencies (RR) were calculated according to
Wolf formula. P<0.05 was considered statistically significant.

RESUL
TS
RESULTS
HLA-DRB1 alleles in patients with chronic hepatitis B and
healthy controls
The distribution of HLA-DRB1*03, *07, *09, *12, *15
alleles in patients with chronic hepatitis B and healthy
controls is shown in Table 1. The positivity of HLA-DRB1*07
allele in patients with chronic hepatitis B group was markedly
higher than that in normal controls, there was a significant
difference between them. The positivity of HLA-DRB1*03,
*09, *12, *15 alleles in patients with chronic hepatitis B
was not different from that in normal controls. The
electrophoresis of HLA-DRB1*03, *07, *09, *12, *15 alleles
is shown in Figure 1.

5 4 3 2 1 M

489
404
331
242
190
147
111

Figure 1 Electrophoresis of HLA-DRB1*03,*07,*09,*12,*15 alleles. M: pUC19
DNA/MspI (HpaII) marker 23; 1: DRB1*0701/0702, 232 bp; 2: DRB1*0901,
236 bp; 3: DRB1*1201/1202, 248 bp; 4: DRB1*1501/1502, 197 bp; 5: DRB1*0301/
0302, 151 bp.

Table 1 Distribution of HLA-DRB1*03,*07,*09,*12,*15 alleles in patients with chronic hepatitis B and healthy controls
DRB1*
Allele

Chronic hepatitis (n = 126)
PN

PR (%)

Normal control (n = 76)
PN

RR

χ2

P

PR (%)

0301/0302

10

7.9

5

6.6

1.24

0.13

>0.75

0701/0702
0901

46
31

36.5
24.6

15
22

19.7
28.9

2.37
0.80

6.33
0.46

<0.025
>0.50

1201/1202
1501/1502

17
16

13.5
12.7

12
9

15.8
11.8

0.85
1.08

0.20
0.03

>0.75
>0.90

Blank

19

15.0

8

10.5

1.51

0.85

>0.50

PN: positive number, PR: positive rate, RR: relative risk.
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Prevalence of HBV genotypes in patients with chronic hepatitis B
The prevalence of different HBV genotypes in patients
with chronic hepatitis B is shown in Table 2. Genotype B
was found in 38 patients (30.2%), genotype C in 69 (54.8%),
mixed genotype (B+C) in 19 (15.0%), genotypes D- F were
not found. Genotypes C and B were the major genotypes in
this area. The electrophoresis of HBV genotypes is shown
in Figure 2.

Table 2 Prevalence of different HBV genotypes in patients with
chronic hepatitis B
Genotype

Number

%

B
C

38
69

30.2
54.8

B+C
D

19
0

15.0
0

E
F

0
0

0
0
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genotype C(+), significant difference was found among them
(χ2 = 6.71, P<0.05, Table 5).

Table 4 Response to interferon-α therapy in patients with different
genotypes, n (%)
Responder

Non-responder

Total

B

19 (50)

19 (50)

38

C

9 (13)

60 (87)

69

B+C

5 (26.3)

14 (73.7)

19

Genotype

χ2

P

17.3

<0.005

Table 5 Response to interferon-α therapy in patients with HLADRB1*07 and genotype C, n (%)
Responder

Non-responder

Total

2 (7.7)

24 (92.3)

26

13 (65)

20

29 (67.4)

43

χ2

P

6.36

<0.05

HLA-DRB1*07+
genotype C
+

+

+

-

7 (35)

-

+

14 (32.6)

4 3 2 1 M

489
404
331
242
190
147
111

281
122

Figure 2 Electrophoresis of HBV genotypes. M: pUC19 DNA/MspI (HpaII)
marker 23; lane 1: genotype B (281 bp); lane 2: genotype C (122 bp); lane 3:
genotype B+C; lane 4: negative control.

No response of HLA-DRB1*07 to IFN-α therapy
Among the 46 DRB1*07(+) patients, 7 were responders
and 39 were non-responders. Compared with the DRB1*07
(-) patients, the positivity of DRB1*07 in responder group
was significantly lower than that in non-responder group
(χ 2 = 4.51, P<0.05), indicating that DRB1*07 had no
response to IFN-α therapy (Table 3).

Table 3 Correlation between DRB1*07 and IFN-α therapy, n (%)
Non-responder
(n = 93)

Total
(126)

χ2

P

7 (15.2)

39 (84.8)

46

4.51

<0.05

HLA-DRB1*07(-) 26 (32.5)

54 (67.5)

80

Responder
(n = 33)
HLA-DRB1*07(+)

Response of HBV genotypes C and B to interferon-α therapy
Patients with HBV genotype C had a significantly lower
response to IFN-α, only 13% vs 50% among patients with
genotype B and 26.3% with genotype B+C (χ 2 = 17.3,
P<0.005, Table 4).
Response to interferon-α therapy in patients with HLADRB1*07 (+) and genotype C (+)
The patients with both HLA-DRB1*07(+) and genotype C
(+) were compared with those with HLA-DRB1*07(+) or

DISCUSSION
Currently, two therapeutic agents, interferon and lamivudine,
are used in treatment of chronic hepatitis B in most countries,
and the only agent known to have a lasting beneficial effect
on chronic hepatitis B is interferon-α. It was reported that
IFN treatment can result in sustained clearance of HBeAg
in approximately 25-40% of patients, and a loss of HBsAg
in 10% of Western patients[4]. The response of chronic
hepatitis B to IFN-α is generally determined by a combination
of virological factors, host immunological factors and genetic
factors[5-10].
The present study aimed to investigate the role of HBV
genotypes and HLA-DRB1 alleles in response to IFN-α
in Chinese Han hepatitis B patients. Until now, HBV can
be classified into eight genotypes (A-H)[11-14]. HBV genotypes
have a characteristic geographic distribution[13-18]. Genotype
A is more common in North America and northwestern
Europe, genotypes B and C are the two most common
genotypes prevailing in Asia. Genotype D is predominant
in the Mediterranean area, the Middle East, and in India.
The distribution of genotype H is less studied. Studies
suggested that genotype A is associated with a higher
rate of IFN-α-induced HBeAg sero-conversion than genotype
D[19], and genotype B is associated with a higher rate of
IFN-α-induced HBeAg clearance than genotype C[20,21]. Our
study showed that HBV genotype C was associated with a
lower rate of anti-viral response to IFN-α treatment in
Chinese Han patients with HBeAg-positive chronic hepatitis
B than genotype B and genotype B+C (50% vs 13% vs
26.3%, P<0.005). Further studies are needed to determine
if HBV genotypes also play a role in response to IFN-α
treatment of chronic hepatitis B patients from other
geographic regions where other HBV genotypes prevail.
Great inconsistencies exist in studies about the association
between HLA-DRB1 alleles and chronic hepatitis B. Jiang
et al., suggested that the allele frequencies of HLA-DRB1*0301
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in chronic hepatitis B group (17.31%) are markedly higher
than those in normal control group (5.67%), and that HLADRB1*0301 is closely associated with susceptibility to
chronic hepatitis B. They also found that the allele frequencies
of HLA-DRB1*1101/1104 in chronic hepatitis B group
were markedly lower than those in acute hepatitis B group,
and that HLA-DRB1*1101/1104 is closely associated with
resistance to chronic hepatitis B. Shen et al.[9] suggested that
susceptibility to chronic hepatitis B is strongly associated
with HLA-DRB1*10 allele in northern Chinese patients.
Cotrina et al. [22], reported that HLA-DRB1*1301 and DRB1*1302 alleles are associated with the clearance of
HBV infection and protect people against chronic hepatitis
B. Diepolder et al.[10], found that a strong virus-specific
CD4 + and CD8 + T lymphocyte response to HBV is
associated with viral clearance, patients with acute
hepatitis B carrying HLA-DR13 have a more vigorous
CD4+ T cell response to HBV core than patients not carrying
HLA-DR13, suggesting that HLA-DR13 is associated with
a self-limited course of HBV infection. In the present
study, we did not examine HLA-DRB1*11 and HLADRB1*13, but there was no significant difference in HLADRB1*03 between the control group and the chronic
hepatitis B group, which is inconsistent with Jiang’s report.
On the contrary, we found that HLA-DRB1*07 was
significantly higher in chronic hepatitis B group than in
control group, the response to IFN-α therapy was significantly lower in HLA-DRB1*07(+) group than in HLADRB1*07(-) group (P<0.05), suggesting that susceptibility
to persistent infection and lower response to interferon-α
are significantly associated with the presence of HLADRB1*07 [23-25].
It is more important that the response to IFN-α therapy
in patients with both HLA-DRB1*07(+) and genotype C
(+) was even lower than that in patients with HLA-DRB1*07
(+) or genotype C (+, P<0.05), suggesting that HBV genotype
C and HLA-DRB1*07 are closely associated with lower
response of chronic hepatitis B to IFN-α therapy. Therefore,
early exclusion of their existence before anti-viral therapy is
very important for selection of patients and judgment of their
prognosis.
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Abstract
AIM: NONI juice (Morinda citrifolia) is an increasingly
popular wellness drink claimed to be beneficial for many
illnesses. No overt toxicity has been reported to date. We
present two cases of novel hepatotoxicity of NONI juice.
Causality of liver injury by NONI juice was asses-sed.
Routine laboratory tests and transjugular or percutaneous
liver biopsy were performed. The first patient underwent
successful liver transplantation while the second patient
recovered spontaneously after cessation of NONI juice.
A 29-year-old man with previous toxic hepatitis associated
with small doses of paracetamol developed sub-acute
hepatic failure following consumption of 1.5 L NONI juice
over 3 wk necessitating urgent liver transplantation. A
62-year-old woman without evidence of previous liver
disease developed an episode of self-limited acute
hepatitis following consumption of 2 L NONI juice for
over 3 mo. The most likely hepatotoxic components of
Morinda citrifolia were anthraquinones. Physicians should
be aware of potential hepatotoxicity of NONI juice.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Due to the known side effects of approved pharmaceuticals,
patients often turn to alternative medicine which is considered
“natural” and “healthy”. Herbal medicine is thus gaining
popularity, but lack of knowledge of the mechanisms and

side effects of these preparations as well of safety regulations
for their preparation may have serious consequences[1].
Reports of hepatotoxicity associated with the use of herbal
medicines are accumulating, ranging from mild elevations
of liver enzymes to fulminant liver failure requiring liver
transplantation[2]. Healthcare professionals should be made
aware of the potential dangers of herbal preparations. We
present two cases of acute drug-induced hepatitis associated
with the consumption of NONI juice.

CASE REPORT
Case 1
A 29-year-old male patient presented in March 2003 with
acute hepatitis following treatment of an upper respiratory
tract infection with paracetamol (4 g daily for 5 d followed
by lower doses over 4 wk, cumulative dose of 40 g) associated
with reduced food intake. Laboratory abnormalities
included a bilirubin concentration of 26.3 mg/dL (normal:
0.1-1.2 mg/dL), ASAT 2 926 U/L (normal: <35 U/L), ALAT
2 665 U/L (normal: <45 U/L), γ-glutamyl transpeptidase
75 U/L (normal: <55 U/L), and alkaline phosphatase
209 U/L (normal: 40-130 U/L). Besides, the patient had
allergic asthma treated with inhalative β2-agonists and
glucocorticoids and eosinophilia of up to 12% in his peripheral
blood smear. During military service at the age of 18, liver
function tests were normal except for bilirubin (1.8 mg/dL)
attributed to Gilbert’s syndrome. Viral hepatitis, autoimmune
hepatitis, hemochromatosis, α1-antitrypsin deficiency, Wilson’s
disease as well as other infections (leptospirosis, toxoplasmosis,
coxsackie, and brucellosis) were ruled out and his abnormal
liver tests were interpreted as low-dose paracetamol toxicity
facilitated by fasting. Three months later, aminotransferase
and bilirubin levels improved (ASAT 222, ALAT 300 U/L,
bilirubin 4.8 mg/dL) and the patient was lost to follow-up.
From April 2003 until June 2004, he treated himself with
various homeopathic preparations containing small amounts
of ethanol (<1 g/d). In June 2004 he was readmitted with
acute liver failure. During the 3 wk prior to readmission, he
ingested 1.5 L Tahitian NONI juice and for 9 d prior to
admission, approximately 7 g/d of a Chinese herbal mix
containing bupleuri, pinellia, scutellaria, codonopsis,
glycyrrhizae, schizonepeta, and paeonia. He denied any other
medication over the past year. Other etiologies for acute liver
failure such as fulminant hepatitis A or B, acute Wilson’s
disease, mushroom poisoning, and Budd-Chiari syndrome
were ruled out. On re-admission, he showed grade 1
hepatic encephalopathy, ASAT 1 557, ALAT 1 626 U/L,
bilirubin 45.3 mg/dL, INR 1.4 (normal: 0.85-1.15), albumin
3.3 g/dL (normal: 3.5-5.3 g/dL), and ammonia 90 µmol/L
(normal: 15-55 µmol/L). A transjugular liver biopsy was
performed and revealed acute hepatitis consistent with an
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idiosyncratic drug reaction (Figure 1A). Over the next 3 d,
liver failure progressed rapidly. On d 4, the patient fulfilled
King’s College criteria for emergency liver transplantation
and was listed for urgent liver transplantation. During the
waiting time, he underwent two consecutive sessions of
extra-corporeal liver support using fractionated plasma
separation, adsorption and dialysis (FPAD, PrometheusTM,
Fresenius Medical Care, Bad Homburg, Germany) which
resulted in temporary improvement of hepatic encephalopathy
from grade 3 to grade 2 and a decrease of arterial ammonia
levels from 144 to 97 µmol/L. On d 6, liver transplantation
was performed. On d 11, hepatic artery thrombosis necessitated
re-transplantation. Thereafter, the patient recovered completely
and was discharged on d 30.
Case 2
A 62-year-old woman was admitted in September 2003 with
vomiting and diarrhea. On admission, routine laboratory tests
revealed acute hepatitis (ASAT 1 415, ALAT 2 381 U/L,
γ-glutamyl transpeptidase 241, alkaline phosphatase
2 9 2 U/L, bilirubin 2.9 mg/dL). In 1999, she was
diagnosed with chronic B-cell leukemia which was treated
with fludarabine in 2002 resulting in remission. Throughout
that time, liver function tests were normal and the patient
did not take any other regular medication. From April
to July 2003, she ingested 2 L of Tahitian NONI juice.
Viral hepatitis, auto-immune hepatitis, hemochromatosis,
α 1-antitrypsin deficiency, and Wilson’s disease were

B

Figure 2 Time course of NONI intake and elevation of ALAT and bilirubin in

case 1 (A) and case 2 (B). LT: Liver transplantation.
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DISCUSSION
We present two cases of toxic hepatitis associated with NONI
juice (Morinda citrifolia) which represent the first reports of
hepatotoxicity of this herbal preparation. To our knowledge,
only one further case of NONI hepatotoxicity observed at
the Medical University Innsbruck, Austria, has been published
to date[3]. Case 1 developed fulminant liver failure requiring
emergency liver transplantation while liver function was
preserved in case 2 and the patient recovered spontaneously
after cessation of NONI juice. The temporal relationship between
NONI intake and liver dysfunction (Figures 2A and B) and
extensive exclusion of alternative causes of acute hepatitis
confirmed herbal hepatotoxicity in both cases. Causality of
liver injury by NONI juice was assessed using the Council
for International Organizations of Medical Sciences scale[4]

Jul-03

A

ruled out. There was no evidence of biliary obstruction
or Budd-Chiari syndrome on ultrasound. The patient
did not take any other potentially hepatotoxic drugs during
that period. A percutaneous liver biopsy revealed acute
hepatitis consistent with an idiosyncratic drug reaction
(Figure 1B). Laboratory values peaked at ASAT 2 022, ALAT
3 570 U/L, and bilirubin 4.9 mg/dL and gradually improved
over the next 30 d (ASAT 194, ALAT 645 U/L, and
bilirubin 3.9 mg/dL). Nine months later, aminotransferases
and bilirubin nor malized and the patient remained
asymptomatic.
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and yielded a score of +5 (“possible”) in case 1 and a score
of +7 (“probable”) in case 2. Histology revealed acute
hepatitis with centrolobular necrosis consistent with acute
drug-induced hepatotoxicity of idiosyncratic type in both
cases (Figures 1A and B). However, we could not exclude
concomitant pre-existing liver damage by paracetamol and/
or an additional hepatotoxic effect of components of the
Chinese herbal mix in case 1.
NONI juice is prepared from the fruit of Morinda
citrifolia, a Polynesian plant with a long history of medicinal
applications[5]. Since 1996, various preparations of NONI
juice have been sold as wellness drinks. Short-term safety
studies in rats have not yielded overt toxicity[5]. One case of
hyperkalemia due to self medication with NONI juice is
reported in a patient with renal failure[6]. So far, no detailed
pharmacological studies were reported on the putative active
ingredients of the NONI plant, which include scopoletin,
including scopoletin, potassium, ascorbic acid, terpenoids,
alkaloids, anthraquinones, β-sitosterol, carotene, vitamin
A, flavone glycosides, linoleic acid, alizarin, amino acids,
acubin, L-asperuloside, caproic acid, caprylic acid, ursolic acid,
rutin, and several volatile components such as acids (mainly
octanoic acid and hexanoic acid), alcohols, esters, ketones,
and lactones[5,7]. The most likely hepatotoxic components are
anthraquinones such as nordamnacanthal, moridone, and
rubiadin. Anthraquinones in other herbal remedies have been
reported to cause hepatotoxicity[8-12]. A possible mechanism
of hepatotoxicity of anthraquinones has been described
for rhein (4,5-dihydroxyanthraquinone-2-carboxylic acid)
which produces oxygen-derived free radicals by redox cycling
resulting in depletion of intracellular reduced glutathione,
decreased mitochondrial membrane potential, initiation of
lipid peroxidation, and cell death[13]. Further studies are required
to evaluate the exact mechanism of toxicity. Physicians should
be aware of potentially serious hepatotoxicity of NONI juice.

August 14, 2005 Volume 11 Number 30

REFERENCES
1
2
3

4

5

6

7

8

9

10

11
12

13

Boullata JI, Nace AM. Safety issues with herbal medicine.
Pharmacotherapy 2000; 20: 257-269
Stedman C. Herbal hepatotoxicity. Semin Liver Dis 2002; 22:
195-206
Millonig G, Stadlmann S, Vogel W. Herbal hepatotoxicity:
acute hepatitis caused by a Noni preparation (Morinda citrifolia).
Eur J Gastroenterol Hepatol 2005; 17: 445-447
Danan G, Benichou C. Causality assessment of adverse reactions to drugs. I. A novel method based on the conclusions of
international consensus meetings: application to drug-induced
liver injuries. J Clin Epidemiol 1993; 46: 1323-1330
Wang MY, West BJ, Jensen CJ, Nowicki D, Su C, Palu AK, Anderson G. Morinda citrifolia (Noni): a literature review and recent
advances in Noni research. Acta Pharmacol Sin 2002; 23: 1127-1141
Mueller BA, Scott MK, Sowinski KM, Prag KA. Noni juice
(Morinda citrifolia): hidden potential for hyperkalemia? Am J
Kidney Dis 2000; 35: 310-312
Farine JP, Legal L, Moreteau B, Le Quere JL. Volatile components of ripe fruits of morinda citrifolia and their effects on
drosophila. Phytochemistry 1996; 41: 433-438
Li FK, Lai CK, Poon WT, Chan AY, Chan KW, Tse KC, Chan
TM, Lai KN. Aggravation of non-steroidal anti-inflammatory
drug-induced hepatitis and acute renal failure by slimming
drug containing anthraquinones. Nephrol Dial Transplant 2004;
19: 1916-1917
Park GJ, Mann SP, Ngu MC. Acute hepatitis induced by
Shou-Wu-Pian, a herbal product derived from Polygonum
multiflorum. J Gastroenterol Hepatol 2001; 16: 115-117
Nadir A, Reddy D, Van Thiel DH. Cascara sagrada-induced
intrahepatic cholestasis causing portal hypertension: case report and review of herbal hepatotoxicity. Am J Gastroenterol
2000; 95: 3634-3637
Beuers U, Spengler U, Pape GR. Hepatitis after chronic abuse
of senna. Lancet 1991; 337: 372-373
Itoh S, Marutani K, Nishijima T, Matsuo S, Itabashi M. Liver
injuries induced by herbal medicine, syo-saiko-to (xiao-chaihu-tang). Dig Dis Sci 1995; 40: 1845-1848
Bironaite D, Ollinger K. The hepatotoxicity of rhein involves
impairment of mitochondrial functions. Chem Biol Interact 1997;
103: 35-50

Science Editor Wang XL and Guo SY Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(30):4761-4763
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• CASE REPORT •

Giant appendiceal mucocele: Report of a case and brief review
Bernardino Rampone, Franco Roviello, Daniele Marrelli, Enrico Pinto
Bernardino Rampone, Franco Roviello, Daniele Marrelli, Enrico
Pinto, Department of General Surgery and Surgical Oncology,
University of Siena, Italy
Correspondence to: Dr. Franco Roviello, Via De Gasperi, 5, Siena
53100, Italy. roviello@unisi.it
Telephone: +39-577585157 Fax: +39-577585157
Received: 2004-10-19 Accepted: 2005-01-05

Abstract
Mucocele of the appendix is a rare lesion, characterized
by distension of the lumen due to accumulation of mucoid
substance. This disease is often asymptomatic and
pre-operative diagnosis is rare. If untreated, one type of
mucocele may rupture producing a potentially fatal entity
known as pseudomyxoma peritonei. The type of surgical
treatment is related to the dimensions and to histology of
the mucocele. Appendectomy is used for simple mucocele
or for cystadenoma. Right hemi-colectomy is recommended
for cystadenocarcinoma. In this paper, we report a case
of a 51-year-old woman with a mobile, painless mass in
the right lower quadrant of abdomen caused by a giant
appendiceal mucocele. Imaging showed a large, tubular,
cystic structure extending below from the inferior wall of
the cecum. Surgery revealed a giant retro-cecal appendix
measuring 17 cm in length and 4 cm in diameter. The
final pathologic diagnosis was mucocele caused by
mucinous cystadenoma.

cells throughout the peritoneal cavity in the form of multiple
mucinous deposits[2,3]. A correct diagnosis may help to avoid
iatrogenic rupture during surgery. We describe a case of a
giant appendiceal mucocele and present the diagnostic
aspects, surgical options and prognosis of this disease.

CASE REPORT
A 51-year-old woman was admitted to our department on
April 21, 2004 due to the appearance of a mass in the right
lower quadrant of abdomen, with nausea and decreased
appetite. No urinary dysfunction or changes in her intestinal
transit was reported. Her blood pressure was 130/80 mmHg
with regular pulse of 80/min. She had a body temperature
of 36.8 . On admission, physical examination of chest
revealed no abnormalities and superficial lymph nodes were
not palpable. A mobile, painless mass was palpated at the
right lower abdomen. No liver or spleen enlargements were
noted.
Laboratory tests, including CEA, CA 19-9, CA 125, CA
15-3 and CA 72-4, were unremarkable.
Abdominal ultrasonography revealed the presence of a
non-homogeneous oval mass. Computed tomography scan
of the abdomen showed a large, hypodense, tubular, cystic
structure extending below the inferior wall of the cecum
(Figure 1). Coronal view of computed tomography disclosed
a mass, which measured about 13 cm in length (Figure 2).

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Mucocele is a rare pathology of the appendix, characterized
by a cystic dilation of the lumen with stasis of mucus. The
incidence ranges between 0.2% and 0.3% of all appendectomies,
with a higher frequency in females (4/1) and in people more
than 50 years[1]. It demonstrates an inflammatory or a tumoral
cause; most important for the surgeon, however, the mucoceles
are caused by mucinous cystadenomas and cystadenocarcinomas. In the latter case, a possible rupture of the mucocele,
either spontaneous or accidental, may result in the clinical
condition of pseudomyxoma peritonei, a spread of malignant

Figure 1 Large, hypodense, tubular, cystic structure extending below the
inferior wall of the cecum revealed in a computed tomography scan of the
abdomen.

On April 24 the patient had a laparotomy. At surgery, a
giant retro-cecal appendix was found (Figure 3). There was
no lymphadenopathy or hepatic metastases. No other tumors
were noted in the abdominal or pelvic cavities. The appendix
was bent behind the ascending colon. After adhesiotomy, a
standard appendectomy was performed.
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The mass, which measured 17 cm in length and 4 cm in
diameter, showed a thin fibrous wall and viscous hemorrhagic
mucoid content without any mucosal lesion. The final
pathologic diagnosis was mucocele caused by mucinous
cystadenoma. There was no evidence of malignancy. The
patient’s post-operative course was unremarkable and she
was discharged 5 d post-operatively.
At present, about 7 mo post-operatively, the patient is
asymptomatic, and abdominal ultrasonography did not reveal
any abdominal lesion.

127.9 mm (2D)

Figure 2 Mass of about 13 cm in length disclosed in a coronal view of
computed tomography scan.

Figure 3 Intraoperative finding of a giant appendix, which measured 17 cm in
length and 4 cm in diameter.

DISCUSSION
The term mucocele is often used as a general descriptive
term for dilatation of the appendiceal lumen by mucinous
secretions. Four subgroups of the disease can be identified,
according to the characteristics of the epithelium: (1) simple
or retention mucoceles resulting from obstruction of the
appendiceal outflow, usually by a fecalith, and characterized
by normal epithelium and mild luminal dilatation up to 1 cm.
(2) Mucoceles with hyperplastic epithelium where luminal
dilatation is also mild; these constitute 5-25% of mucoceles.
(3) Benign mucoceles, the most common form, accounting
for 63-84% of cases. These exhibit mostly epithelial villous
adenomatous changes with some degree of epithelial atypia,
and are characterized by marked distention of the lumen
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up to 6 cm. Our patient belongs to this group. (4) Malignant
mucinous cystadenocarcinomas, representing 11-20% of
cases. They are distinguished from the previous group by
their glandular stromal invasion and/or presence of epithelial
cells in the peritoneal implants. The luminal distention is
usually severe[1-4].
Mucinous cystadenomas and cystadenocarcinomas are
often referred to as neoplastic mucoceles. In cystadenomas,
which are the most common form, the luminal dilatation reaches
up to 6 cm and is associated with appendiceal perforation
in 20% of instances. This results in mucinous spillage into
the peri-appendicular area and peritoneal cavity. Histological
examination of the mucus does not reveal any neoplastic cells
and appendectomy is usually curative[5]. Mucinous cystadenocarcinomas, on the other hand, are less common than mucinous
cystadenomas and may present with spontaneous rupture
in 6% of cases. Macroscopically, they produce mucin-filled
cystic dilatation of the appendix indistinguishable from
cystadenomas. However, neoplastic cells may penetrate the
appendiceal wall and spread beyond the appendix in the
form of peritoneal implants. In its fully developed state,
the peritoneal cavity becomes distended with adhesive,
semi-solid mucin in which neoplastic adenocarcinomatous
cells can be found; this condition is termed as pseudomyxoma
peritonei. The intraperitoneal spread of this mucin-secreting
cancer is identical to that of intra-peritoneal ovarian mucinous
cystadenocarcinomas[2-5].
Symptomatology of appendiceal mucoceles is not specific:
very large lesions are asymptomatic in 25% of patients.
The most common presentation is right lower quadrant pain,
similar to an acute appendicitis; a palpable mass can be
found in 50% of cases, whereas urinary dysfunction or
hematuria is rarely related[6]. Increase of tumor markers
indicate a probable neoplastic origin[7,8]. The rare complications
include intestinal obstruction, frequently caused by intussusception, or intestinal bleeding. Pseudomyxoma is the worst
complication, characterized by peritoneal dissemination caused
by spontaneous or iatrogenic perforation of the appendix.
In benign mucocele, the pseudomyxoma is confined to the
peri-appendicular area. In malignant cases, this dissemination
is considered a real metastatic entity; retro-peritoneal or pleural
implants are occasionally reported[7-9].
Preoperative diagnosis is difficult, due to the nonspecific
nature of the disease. The lesion may be identified by
radiologic, sonographic, or endoscopic means. Elevated
carcino-embryonic antigen levels have been described in
neoplastic mucoceles[10,11].
Computed tomography scan of the abdomen is important
in the diagnosis and evaluation of the extent of the disease. A
typical computed tomography scan finding of an appendiceal
mucocele is a round, low-density, thin-walled, encapsulated
mass, communicating with the cecum. Ultrasonography
shows a cystic, encapsulated lesion, firmly attached to the
cecum, with liquid content and an internal variable echogenicity
related to mucus density. Colonoscopy may show a pathognomonic image, the ‘sign of the volcano’ , i.e., an erythematous,
soft mass with a central crater, from which mucus is
discharged[12-15].
Therapy is surgical, but laparoscopic approach is not
advised because of the risk of rupture[16].

Rampone B et al. Giant mucocele

The type of surgical treatment is related to the dimensions
and to histology of the mucocele. Appendectomy is used
for simple mucocele or for cystoadenoma, when the
appendiceal base is intact. Cecal resection is indicated for
cystoadenoma with a large base, and a right hemi-colectomy
is recommended for cystoadenocarcinoma. Intra-operative
histologic examination is not always definitive. An accurate
exploration of the abdomen during laparotomy is advised,
because of the association between the appendiceal
mucocele and other tumors, particularly carcinoma of the
colon (11-20 %) and tumors of the ovary[17].
If exploration reveals a ruptured appendiceal mucocele,
the primary resection should be accompanied by removal
of all gross implants [16,17].
Postoperatively, patients with simple or benign neoplastic
mucoceles have shown an excellent prognosis with 5-year
survival rates of 91-100%, even in cases with extension of
mucus into the extra-appendiceal spaces. In malignant
mucoceles, however, the 5-year survival rate is markedly
diminished (25%) due to complications of pseudomyxoma
peritonei[18].
In conclusion, patients with mucoceles can present with
various symptoms, but may also be asymptomatic. Preoperative diagnosis is rare, but it is possible using appropriate
tests. These uncommon and potentially lethal entities are
usually surgically curable, if diagnosed in an early phase.
Therefore, pre-operative recognition with a carefully planned
resection to remove the mass is required.
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Abstract
Biloma is an encapsulated bile collection outside the biliary
tree due to a bile leak. It is occasionally found following
traumatic liver injury or iatrogenic injury to the biliary
tract, induced either during an endoscopic or surgical
procedure. It is a rare complication of transcatheter arterial
embolization (TAE). Although biloma can be shrunk by
appropriate aspiration or drainage in majority of cases,
we report a case of intrahepatic biloma following repeated
TAE for hepatocellular carcinoma (HCC) and complicated
by infection and intrahepatic stones. This particular
constellation of problems has not been reported before
and the intrahepatic stones need to be removed by
percutaneous procedure.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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embolization (TAE) and percutaneous ethanol injection
(PEI). TAE was performed with 6 cm 3 of iodized oil
(lipiodol) injected through the catheter and embolization
with gelfoam sponge. Four weeks after TAE, enhanced CT
was used to access the effects. If the response was not
satisfactory, pure ethanol was injected under ultrasound
guidance. By May 2003, the patient received five courses
of combined TAE and PEI. Her cirrhosis was assessed as
Child-Pugh class A, and HCC was maintained at 7 cm in
diameter. No major complications were noted till that point.
Three weeks after the sixth TAE procedure, the patient
complained of nausea, epigastric pain, and poor appetite.
She denied fever or chills. A tender mass was palpable in
the epigastric area. Her bilirubin was elevated at 2.8 mg/dL.
An abdominal CT disclosed an encapsulated fluid collection
in the left lobe of the liver. Echo-guided aspiration of bile
from the lesion confirmed the diagnosis of biloma. Several
days later, the culture of the aspirated bile culture was
reported as growing K. pneumoniae. On the same day, the
patient developed fever and leukocytosis. She was treated
with intravenous antibiotics, and a 10 F pig-tail catheter
was placed percutaneously to drain the biloma. Two days
later, contrast media was injected through the catheter for
a fluoroscopic evaluation. A communication was found
between the biloma and the left biliary tree (Figure 1). Small
filling defects were seen in one dilated branch of the IHD,
consistent with stones. Some of these fell into the biloma.
The biloma drain continued to put out a large volume of bile
along with sandy stones for 5 d, without any shrinkage the
size of the cavity. However, the fever did subside. Concerned
that the stones were preventing collapse of the biloma, we
decided to remove the stones percutaneously. The fistula
track was gradually dilated to 16 F by changing the drainage
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by intrahepatic duct stones: A case report. World J
Gastroenterol 2005; 11(30): 4764-4765
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CASE REPORT
A 69-year-old woman was diagnosed with cryptogenic liver
cirrhosis 15 years ago, but had well-compensated liver function.
In October 2000, she was found to have a 8-cm tumor in
the left lobe of the liver. HCC was diagnosed on pathological
examination. Surgical resection was not attempted because
of the large size of the tumor and atrophy of the right lobe.
Therefore, she was treated with transcatheter arterial

Figure 1 Communication between the biloma and the left biliary tree (short
arrows) on injection contrast via the percutaneous pig-tail catheter and small filling
defects (long arrow) seen in one dilated branch of the IHD, consistent with stones.

Chen MJ et al. Biloma following TAE and IHD stones

catheter. The IHD stones were removed with a basket over
several sessions. Two months later, the biloma shrunk.

DISCUSSION
Biloma is occasionally found following traumatic liver injury
or iatrogenic injury to the biliary tract, induced either during
an endoscopic[1] or surgical procedure. Peripheral bile duct
necrosis caused by microvascular damage and ductal stenosis
after TAE might lead to a bile leak [2,3]. Our patient has
already undergone five courses of TAE and PEI before,
and the biloma developed 3 wk after the sixth TAE. We do
not think that the PEI could directly influence this biloma,
although there is one case report in the literature of a biloma
after PEI[4]. The incidence of biloma after TAE in several
series has been reported to be around 0.8-1.1%[5-7]. These
often occurred only after more than five courses of TAE[5,6].
Recent reports indicate the advantage of the usage of
embolization materials which have a suitable size only for
the feeding artery, but largely for occlusion of bile duct
microplexus. It is in terms of effective tumor embolization
as well as prevention of possible complications.
Biloma is usually a simple cyst without septum.
Percutaneous needle aspiration with chemical analysis could
confirm the diagnosis. It may be asymptomatic or present
with a variety of manifestations, such as gastric outlet
obstruction, jaundice, or fever. The presentation depends
on the size and location of the lesion and the presence or
absence of infection. Asymptomatic patients may be treated
conservatively. In a series reported by Kohno et al.[4], in 15
of 20 patients, the biloma shrank spontaneously during a
6-mo follow-up period. A biloma that fails to decrease in
size should be drained, as infection is a common complication
if the condition persists. If there is no communication with
the biliary tree, and the proximal biliary tree has neither
stricture nor stones, percutaneous drainage and intravenous
antibiotics may achieve resolution. Intra-hepatic duct strictures
may require insertion of a stent in order to relieve pressure
that might reopen a tract to the biloma. However, IHD
stones are often difficult to be removed. A biloma connected
to a biliary tree containing stones has not been previously
reported. It appeared in our patient that peripheral bile
outflow was blocked by the IHD stones, causing a high
pressure in biliary system and thus, led to a persistent bile
leak. Given the difficulty of reaching IHD stones
endoscopically, percutaneous removal of the stones
seemed advisable, and ultimately, the biloma did shrink.
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The proposed therapies for HCC, beyond TAE and PEI
are increasing and include hepatic artery infusion of
chemotherapy agents[8], microwave coagulation[9], and high
frequency radioablation. Any of these may cause peripheral
bile duct damage, so that it is conceivable that the incidence
of biloma will increase. Clinicians must be aware of this
possible complication. The prophylactic administration of
antibiotics may be employed in these procedures, since
biloma can be a result of focal infection. But the real
necessity of prophylactic antibiotics remains to be identified.
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Abstract
Acute pancreatitis as an initial symptom of systemic lupus
erythematosus (SLE) is rare. We present a report of a
46-year-old female patient who had fever, abdominal pain
and vomiting, elevated pancreatic enzyme levels, hypocalcemia,
hypoxemia, and various other laboratory abnormalities. She
was first diagnosed with acute severe pancreatitis and
then with SLE after further investigations. After a 2-mo
treatment with somatostatin, the patient recovered.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Systemic lupus erythematosus (SLE) is a multi-system,
autoimmune disorder characterized by a broad range of
manifestations, including presence of antibodies against cell
nuclei. The initial manifestations of SLE, however, can
involve many organ systems either singly or in combination,
which frequently makes diagnosis difficult. The American
Rheumatism Association recommends that the diagnosis of
SLE can be confirmed if it meets 4 of the following 11 revised
criteria: malar rash, discoid rash, photo-sensitivity, oral ulcers,
arthritis, serositis, renal disorder, neurologic disorder, hematologic
disorder, immunologic disorder, and antinuclear antibodies.
We report a 46-year-old female patient with fever,
abdominal pain and vomiting, elevated levels of pancreatic
enzyme, hypocalcemia, hypoxemia, and other laboratory

abnormalities. She was first diagnosed with acute severe
pancreatitis and then with SLE, after further investigations.

CASE REPORT
A 46-year-old woman came to the Sixth Hospital attached
to Shanghai Jiaotong University, complaining of a 6-d history
of persistent abdominal pain, loss of appetite, occasional
nausea and vomiting without obvious reasons. She also had
a 3-d history of fever and generalized weakness.
She reported bilateral thigh pain, finger pain and swelling
5 mo ago, which were abated after 7-d treatment with
hydroxy-chloroquine. Four months ago, she had elevated
alanine aminotransferase, and received no treatment. She
also reported some thinning of her hair and a weight loss
of 5 kg in the past 2 mo. Her family history was unremarkable
for auto-immune disorders.
Her body temperature was 38 , pulse rate 100 beats
per minute, blood pressure 120/80 mmHg. She had no
skin lesions, but had swollen and painless lymph nodes. She
had fine rales on bilateral lungs, and 3-degree systolic
murmur in the mitral valve area and a pericardial friction
sound. Her abdomen was soft with mild epigastric tenderness,
minimal guarding, and no rebound tenderness.
Her blood chemistry was as follows: 126 mmol/L sodium,
4.4 mmol/L potassium, 97 mmol/L chloride, 22.5 mmol/L
bicarbonate, 1.6 mmol/L blood urea nitrogen, 31 µmol/L
creatinine, 5.1 mmol/L glucose, 83 U/L aspartate aminotransferase, 16 U/L alanine aminotransferase, 66 g/L protein,
37 g/L albumin, 1.70 mmol/L calcium, and 18 µmol/L total
bilirubin. A complete blood count showed a white cell count
of 3.0×109/L with 78.9% neutrophils, 19.8% lymphocytes,
2.3% monocytes. Hemoglobin was 89 g/L, hematocrit 33.8%,
and platelets 112×109/L. Pancreatic enzyme determinations
disclosed a blood amylase level of 1 000 U/L (normal 20115 U/L) and urine amylase level of 830 U/L, and a lipase
level of 690 U/L. Urinalysis showed cloudy urine with a
protein level of 260 mg/dL, a white cell count of 3-4/µL,
granular casts 0. Nitrite and leukocyte esterase were negative.
Blood culture was negative.
Computed tomographic (CT) scan and ultrasonic scan
of the abdomen with contrast, showed swollen pancreas but
no gallbladder stones (Figure 1A). Another CT scan of the
bosom showed effusion both in right and in left pleurae
(Figure 1B).
Connective tissue showed an antinuclear antibody (ANA)
titer of 1:640, positive anti-double-stranded DNA (dsDNA)
antibody, negative anti-Smith antibody, anti-ribonucleoprotein,
anti-SSA, and anti-SSB. The erythrocyte sedimentation rate
was 92, complement 3 (C3) was 0.75 g/L (normal 1.0-1.8 g/L),
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anti-cardiolipin antibodies and lupus anti-coagulant were
negative.

A

B

Figure 1 Swollen pancreas (A) and pleural effusion (B) before treatment with
somatostatin.

After a 2-mo treatment with somatostatin, the pancreatic
enzyme was 29 U/L. Repeated CT scan revealed a less swollen
pancreas (Figure 2A) and still bilateral pleural effusion
(Figure 2B). But the patient still had fever and palpitation.
A diagnosis of SLE pancreatitis was made on the 66th d of
admission, and 40 mg methylprednisolone intravenous
injection qd was started. Once steroid therapy began, the
heart rate declined to 90 beats per minute. Two weeks after
continuous steroid therapy, the heart rate was 78 beats per
minute and the temperature was 36.6 . Pleural effusion
disappeared.

A

B
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pancreatitis is found in patients with long-standing SLE who
have multi-organ involvement and are already on steroid,
diuretic, or immunosuppressive therapy, all of which have
been implicated in the etiology of pancreatitis. Since the
initial description of SLE pancreatitis, whether steroid or
SLE is the primary cause has been controversial. Recent
studies support that SLE is the primary etiologic factor of
SLE pancreatitis, and drug toxicity may also play a role[5-9].
Pathological changes of SLE pancreatitis bear similarities
to those of pancreatitis due to other causes. SLE pancreatitis
can occur during a generalized flare-ups and disease
quiescence, though the latter seems more likely [3]. Its
manifestation can be acute, severe, or chronic, self-limiting
or fulminant. It is believed that subclinical pancreatitis which
has an elevation of pancreatic enzymes without clinical
symptoms is much more frequent than symptomatic
pancreatitis[10-14]. About 30.5% of asymptomatic SLE patients
have hyperamylasemia; therefore subclinical pancreatic
damage might occur very frequently in SLE[15].
Within the context of SLE, the diagnosis of SLE
pancreatitis is usually based on clinical findings as abdominal
pain, nausea, and vomiting as well as laboratory findings
like abnormal pancreatic enzymes and suggestive tomographic
findings. Etiology diagnosis is fairly important, which decides
whether steroid can be used. If drug toxicity is not considered
as the origin, SLE pancreatitis is treated with steroid. Of
course, steroid or other drugs should be stopped once they
are regarded as the cause[16,17].
In conclusions, it is important to determine whether
drug toxicity is the cause of SLE pancreatitis. If the
condition of patients with SLE pancreatitis can be improved
with somatostatin, steroid might not be necessary during
the acute episode.
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TO THE EDITOR
In a recent issue of World Journal of Gastroenterolog y,
Demeter et al. [1], reported that in patients having both
gastro-esophageal reflux disease (GERD) and obstructive
sleep apnea (OSA), there was a positive correlation between
endoscopic findings of GERD and the number of apneas
and hypopneas per hour, namely apnea hypopnea index. They
proposed that the severity of OSA and GERD are parallel
to each other. The study of Demeter and colleagues is very
important, not only for assessing reflux-induced esophageal
damage in OSA, but also for determining therapeutic
approaches for patients with OSA and GERD. Because both
conditions are very common in general population and are
associated with morbidity and deterioration of quality of life[2,3].
However, causative relationship underlying the association
may be complicated. One proposed mechanism is that
greater respiratory effort increases the pressure gradient
across the lower esophageal sphincter and eventually facilitates
the retrograde movement of gastric content[4]. The point is
that classification of OSA is traditionally based on the apneahypopnea index (AHI) and, severity of OSA, which is
defined by higher score of AHI, does not necessarily reflect
the magnitude of respiratory effort during obstruction.
Therefore, it is not easy to conclude that the occurrence of
gastro-esophageal reflux is related to the number of apneas

and hypopneas rather than respiratory effort during each
breathing cessation period. Besides the magnitude of respiratory
effort, repetitive stimulation of lower esophageal sphincter
via phreno-esophageal ligament may also be linked with a
threshold value of respiratory effort. Interestingly, there is
another sleep-disordered breathing called “Upper Airway
Resistance Syndrome”, which is described by excessive daytime
sleepiness, increased respiratory effort without oxyhemoglobin
desaturation during sleep and absence of apneas or hypopneas.
Inspiratory effort is an important characteristic and determinant
of sleepiness and other symptomatology in UARS patients[5].
Considering the same mechanism, patients with UARS
should also complain from reflux-related symptoms. We
are not aware of any study reporting GERD in UARS.
Another mechanism involves increased arousals in patients
with OSA, together with reduced sleep efficiency, which
may trigger transient lower esophageal sphincter relaxation
and thus, promote acid reflux[6]. We have recently reported
that there is no sufficient evidence to accept arousals and
obstructive respiratory events during sleep as primary causes
of gastroesophageal reflux and vice versa[7]. Indeed, we
failed to find any timely relation between reflux episodes
and respiratory events on the simultaneous recordings of
dual probe esophageal pH monitoring and polysomnography.
We think that controversy will remain until placebocontrolled studies focusing on the timely relation between
respiratory effort and reflux episodes will be performed.
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Abstract
Fecal incontinence is a disabling disease, often observed
in young subjects, that may have devastating psycho-social
consequences. In the last years, numerous evidences have
been reported on the efficacy of bio-feedback techniques
for the treatment of this disorder. Overall, the literature
data claim a success rate in more than 70% of cases in
the short term. However, recent controlled trials have
not confirmed this optimistic view, thus emphasizing the
role of standard care. Nonetheless, many authors believe
that this should be the first therapeutic approach for
fecal incontinence due to the efficacy, lack of side-effects,
and scarce invasiveness. Well-designed randomized,
controlled trial are eagerly awaited to solve this therapeutic
dilemma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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successful, and owing to the fact that bio-feedback procedures
have had a strong impact in gastro-enterology, behavioral
research in this area has greatly increased in recent years[2,3].
The term bio-feedback training refers to the use of various
devices (mechanical, electrical) that are supposedly able to
increase the awareness of a biological response, so that
patients can learn, through a process of “trial and error”,
to improve their voluntary control of this response[4]. Biofeedback training sessions are usually supplemented by home
practice training (Kegel exercises), with the purpose of
enforcing muscle strength through an increase of the number
of muscle fibers innervated by existing nerves. It is
commonly thought that bio-feedback is not able to repair
or generate new neural pathways.
The increase of patient’s awareness of somatic sensations,
and the improvement of motor skills, which represent
the basis of biologic self-regulation, are critical points for
bio-feedback training. For instance, a cause of fecal
incontinence is the loss of the ability to feel rectal fullness,
a major point for contracting the pelvic floor muscles to
avoid incontinence[5]. In these patients, the goal of biofeedback training is to improve the ability to detect rectal
filling through sensory re-training[6,7].
Types of bio-feedback training for fecal incontinence
Bio-feedback treatment of fecal incontinence was proposed
by Engel and coworkers, 30 years ago[8]. Patients were taught
to improve their ability to voluntarily contract the external
anal sphincter during rectal filling, either by improving
the strength of the sphincter (motor skills training) or by
increasing the ability to perceive weak rectal distention
(discrimination training) or by combining the previous two
mechanisms (training in the coordination of sphincter
contractions with rectal sensation). No side effects were
reported and the treatment was generally well accepted.
Further trials had shown that therapeutic goals can be
achieved through training, that employs measurements of
pressures (manometry) or electrical activity (electromyography,
EMG) in the anal canal[2,3].

http://www.wjgnet.com/1007-9327/11/4771.asp

INTRODUCTION
Fecal incontinence is a common health care problem, with
modest physical but important psychosocial consequences
that can be distressful and incapacitating, up to complete
social isolation[1]. Fecal incontinence is one of the fields in
which bio-feedback techniques are thought to be most

Manometric bio-feedback
Bio-feedback training aimed at increasing the strength of
the external anal sphincter has usually been carried out by
recording anal canal pressures, coupled to visual/auditory
signals proportional to the pressures themselves. Anal
pressure may be recorded by balloon probes or by perfused
catheters[4]. During manometric recording, the patient is
required to squeeze as to prevent defecation while being
given visual feedback and verbal guidance on how to reach
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this goal. The patients may also be taught to inhibit wrong
responses such as contraction of the abdominal muscles.
Asking the patient to squeeze may be obtained in response
to balloon distention of the rectum [9] or without rectal
distention[10]. Some authors have suggested that improving
squeeze duration is more important than maximizing anal
strength. Therefore, patients are taught to pursue this
therapeutic goal as a part of the bio-feedback protocol[10,11].
EMG bio-feedback
Strengthening the pelvic floor muscle may also be achieved
by showing the patient, a recording of the integrated
(average) EMG activity from the striated muscles which
surround the anal canal[12]. In EMG training, the patient is
asked to squeeze and relax without rectal distention, and
home exercises in which the patient is required to repeatedly
squeeze the pelvic floor muscles (Kegel exercises) are usually
added to the training to further strengthen these muscles.
Other methods of EMG recording of the pelvic floor
employ an anal plug with surface electrodes[13], very easy to
use and requiring no preparation.
Sensory discrimination training
This is aimed at increasing the patient’s ability to perceive
and respond to rectal distention[14]. After inserting within
the rectum a catheter-mounted balloon, the latter is inflated
with different air volumes; the patient is then asked to signal
when the feeling of distention is perceived, or to contract
the pelvic floor muscles in response to the distention. For
these purposes, easily perceived distention with large volumes
of air is firstly given, the volumes of distention are gradually
decreased until the patient is able to perceive them with
difficulty. Repeated distention slightly above and below the
sensory threshold of the patient, coupled to the investigator’s
feedback on the accuracy of detection, teach the patient to
recognize distention of even weaker intensity[3,4]. This type
of sensory training is often coupled to sphincter strength
training, asking the patient always to contract (as strongly as
possible) in response to rectal distention and providing
feedback on the strength of contraction and accuracy of
detection [3,4]. Several evidences sug gest that sensory
discrimination training (aimed at reducing the threshold for
perception of rectal distention) is very important for an
effective bio-feedback procedure [6-8,15]. We have recently
evaluated 24 patients with severe, solid-stool fecal
incontinence[16] by teaching them to squeeze in response to
rectal distention; the patients were evaluated 3 mo after
bio-feedback training, and were classified as responders
(>75% decrease of incontinence episodes) or non-responders.
Comparison of the two groups showed that responders
displayed significantly lower sensory thresholds after training
with respect to non-responders, but squeeze pressures
were not significantly different between groups. Sensory
thresholds measured before bio-feedback training were good
predictors of which patients would respond to it; in fact,
patients with more severe sensory impairment had poor
response to bio-feedback training[16]. Sphincter strength and
severity of fecal incontinence before bio-feedback training
were not useful as predictors of outcome.
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METHODS
An internet-based comprehensive search strategy of the
Medline and Science Citation Index was performed using
the keywords bio-feedback and fecal incontinence, in
various combinations with the Boolean operators AND,
OR, and NOT. Only articles related to human studies were
used, and manual cross-referencing was also performed.
Articles published in English between January 1965 and
September 2004 were selected; however, a search in nonEnglish languages and in journals was also older than 1965
performed in our library. Letters were excluded, and abstracts
were quoted only when the full papers were unavailable.
Usefulness of bio-feedback in fecal incontinence
Most of the available studies concerning the use of biofeedback to treat fecal incontinence have been carried out
by manometric means; however, a clear superiority of
pressure vs EMG feedback has not surfaced[17], and only
one study aimed at comparing pressure vs EMG feedback
training showed no significant differences between the two
techniques[18].
Looking at all the studies available in literature regardless
of etiology, it is found that about 2/3 of patients display at least
a 75% decrease of their episodes of fecal incontinence[19,20],
although only about 50% of them developed complete
continence. However, it must be stressed that (1) no uniform
criteria for defining improvement or assessing outcome have
been adopted; (2) inclusion criteria differed; (3) treatment
protocols varied and (4) only few prospective, randomized,
parallel-group studies have been published, not enough to
draw conclusions on the overall efficacy of bio-feedback
training. In addition, recent randomized studies have not
confirmed the optimistic outcome of previous open studies.
These trials will be examined in detail in the following
paragraph.
In a first randomized controlled study, bio-feedback plus
behavioral management was compared to behavioral
management alone in children with fecal incontinence due
to myelomeningocele[21]; both groups displayed significant
improvement, suggesting that bio-feedback has the same
effects as behavioral management for most children with
myelomeningocele. However, it must be stressed that
patients with spinal cord defects show commonly worst
responses to bio-feedback than patients with incontinence
due to other causes[22]. In a second controlled study, van
der Plas and coworkers studied 71 children with fecal
incontinence without constipation and randomized them to
standard care and laxatives or standard care and laxatives
plus bio-feedback. At 12-18 mo follow-up, approximately
50% of children in both groups showed significant symptoms
improvement. A trend toward better outcome was shown
in the bio-feedback group, but statistical significance was
not reached[23]. In the first randomized study of bio-feedback
in adults with fecal incontinence, a complex cross-over design
was employed making interpretation of results quite
difficult[24]. Twenty-five patients were initially randomized
to either three sessions, sensory discrimination training
without bio-feedback on sphincter strength or equivalent
distention without feedback on the accuracy of their
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detection of the strength of contractions. Patients in the
sensory training group had significant decrease of frequency
of episodes of incontinence with respect to controls, but
between-group differences did not reach statistical
significance (probably due to small sample size). Control
patients were then given sensory training, and displayed
improvement in continence. Thereafter, all patients were
randomized again to sphincter-strengthening exercises
without bio-feedback or to squeeze in response to rectal
distention with feedback. Overall, the patients had further
improvement of continence in this second step of the study,
but no significant differences were observed between groups,
suggesting that sensory training is important for the treatment
of incontinence, although the results are not definitive due
to the small size samples. Recently, the St. Mark group
reported a large, randomized, controlled study on 171
adults with fecal incontinence[25]. Patients were randomized
into four groups: (1) standard care with advice; (2) standard
care with advice plus anal sphincter exercises taught verbally
and via digital examinations; (3) same as group 2 plus biofeedback therapy run at the clinic; (4) same as group 3 plus
sphincter exercises guided by a home bio-feedback device.
Approximately half of patients in all groups reported
improvement of symptoms at one year follow-up. Interestingly,
quality of life measurements, bowel symptoms and anal
sphincter pressures were improved in similar percentage in
all groups. Bio-feedback therapy yielded no greater benefit
than did standard care with advice on an intention-to-treat
analysis.
This trial appears methodologically sound in most
instances with few, relevant limitations mostly related to
the lack of details of the bio-feedback protocol used. Type
and dosage of anti-diarrheal medications used in all the
groups were also not provided. The results of this trial are
at variance with a previous open study coming from the
same Center, where bio-feedback therapy was reported to
improve symptoms in the majority of patients with fecal
incontinence[26]. Moreover, another prospective, randomized,
controlled study comparing pelvic floor exercises plus anal
exercises taught via digital examination with either
manometry or anal ultrasound-guided bio-feedback in 120
adults with fecal incontinence had failed to show any
additional benefit of behavior therapy over Kegel exercises
in terms of clinical outcome, quality of life measurements,
and anal pressures[27]. In this trial, a clinical benefit was evident
in the short term in approximately 70% of all patients. The
same group then reported this clinical benefit as substantially
preserved in the long term follow-up[28]. Interestingly, quality
of life measurements and subjective perception of “catching
up” with incontinence improved even in patients whose
incontinence scores worsened. Therefore, intervention “per se”
seems to improve subjective symptoms perception in fecal
incontinence.
Do predictors of outcome exist
Although it is traditionally thought that subgroups of patients
(demented, mentally retarded, young children, severely
depressed, mobility impaired) are less prone to respond
to bio-feedback training, there are few data to support
these concepts as guidelines[29]. The available data may be
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summarized as follows: (1) severe mechanical damage
of the anal sphincters is generally associated with poor
bio-feedback responses[30,31]; (2) major sensory impairment
determines a poor response to bio-feedback training[16,26,32];
(3) although many studies have not found the response to
bio-feedback predictable on the basis of pretreatment
findings[33-35], there are reports showing that a low basal
pressure of the internal anal sphincter is associated with
poor outcomes [36]; (4) abnormally prolonged pudendal
nerve conduction times are employed to identify subjects
with pudendal nerve injuries as a cause of incontinence;
these measurements correlate poorly with the response to
bio-feedback [37]; (5) there is no significant association
between fecal incontinence and anxiety or depression[38,39],
the latter, however, may decrease the patient’s ability to
learn and to comply with home practice[40]; (6) the association
of constipation by outlet dysfunction may affect outcome
unfavorably[41].
Associate treatments
There are several reports of miscellaneous combinations
of bio-feedback with surgical procedures to treat fecal
incontinence. Results described as positive have been
reported for high imperforate anus repair[42], gracilis muscle
transposition[43], and anterior resection of the rectum and
total colectomy with ileo-anal anastomosis[44]; however, all
these were uncontrolled studies, and the patient sample’s
were small. Other studies associated electrical stimulation
with pelvic floor bio-feedback in a miscellaneous group of
patients (including subjects with fecal incontinence and
subjects with constipation due to pelvic floor dysfunction),
and claimed that this association was more effective that a
single approach[45]. Real-time ultrasonographic imaging of
the pelvic floor muscles has also been employed to teach
patients with fecal incontinence to squeeze the external anal
sphincter[46], but the trials with this technique are still ongoing.
Loening-Baucke implemented standard medical care with
a pressure bio-feedback protocol in a small group of adults
with fecal incontinence. No additional benefit could be
evidenced compared to standard medical care alone[47].
Conclusions
Although fecal incontinence is a socially devastating disorder,
many physicians are still unaware that it is often amenable
to treatment[48]. Recently, well-designed, randomized trials
have shown that standard medical care implemented with
simple pelvic floor exercises is effective in a large percentage
of patients with fecal incontinence. Attention to diet,
scheduled defecations and judicious use of anti-diarrheal
medications seem to preserve a relevant role in this
“untreatable” disease. Traditionally, bio-feedback techniques
have been rated to offer a suitable non-invasive method of
approaching the problem superior to conservative simpler
therapeutic measurements. This has not been confirmed
by randomized, controlled trials. Notwithstanding the
reported symptoms improvement in over 2/3 of fecally
incontinent patients shown in open trials, and the common
belief that behavior therapy is a safe and effective
therapeutic option for many patients with fecal incontinence,
experimental evidence is giving conflicting results. Properly
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designed and carefully analyzed bio-feedback trials are
actually needed to prove the effectiveness of this treatment
in fecal incontinence. Meanwhile, it is reassuring to know
that simple therapeutic measurements may effectively help
these individuals affected by such a disabling disorder.
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shorter than that in group B patients. Levels of C-reactive
protein (CRP) were significantly lower in group C and
there was a more prominent and prolonged response in
CRP level in patients undergoing IPC. The incidence of
post-operative complications was similar in the three
groups except for prolonged post-operative ileus. There
was no increased risk of anastomotic leakage in patients
receiving Met.
CONCLUSION: The results suggest that a combination
of intravenous Met and epidural pain control may be
required to achieve a considerable decrease in time to
resumption of oral soft diet in advanced gastric cancer
patients who underwent gastrectomy and IPC. Furthermore,
the administration of Met did not increase anastomotic
leakage. Met has a role in the prevention of prolonged
post-operative ileus.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: To assess the efficacy of metoclopramide (Met) for
prevention of prolonged post-operative ileus in advanced
gastric cancer patients undergoing D2 gastrectomy and
intra-peritoneal chemotherapy (IPC).
METHODS: Thirty-two advanced gastric cancer patients
undergoing D2 gastrectomy and IPC were allocated to
two groups. Sixteen patients received Met immediately
after operation (group A), and 16 did not (group B). Another
16 patients who underwent D2 gastrectomy without IPC
were enrolled as the control group (group C). All patients
had received epidural pain control. The primary endpoints
were time to first post-operative flatus and time until oral
feeding with a soft diet without discomfort. Secondary
endpoints were early complications during hospitalization.
RESULTS: Gender, the type of resection, operating time,
blood loss, tumor status and amount of narcotics were
comparable in the three groups. However, the group C patients
were older than those in groups A and B (67.5±17.7 vs
56.8±13.2, 57.5±11.7 years, P = 0.048). First bowel flatus
occurred after 4.35±0.93 d in group A, 4.94±1.37 d in group
B, and 4.71±1.22 d in group C (P>0.05). Oral feeding of a
soft diet was tolerated 7.21±1.92 d after operation in group
A, 10.15±2.17 d in group B, and 7.53±1.35 d in group C
(groups A and C vs group B, P<0.05). There was no significant
difference in respect to the first flatus among the three
groups. However, the time of tolerating oral intake with
soft food in groups A and C patients was significantly

Key words: Metoclopramide; C-reactive protein; Gastric
cancer; Intraperitoneal chemotherapy
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INTRODUCTION
The long-term results of treatment for resectable gastric
cancer have not shown any significant improvement in
recent decades[1]. Analyses of surgical treatment failure after
curative resection have indicated intra-peritoneal recurrence
is the major pattern of tumor recurrence[2]. Large randomized
trials of intravenous or radiotherapy have failed to demonstrate
any benefit for lowering intra-peritoneal recurrence[3,4].
Therefore, intra-peritoneal chemotherapy (IPC) as
an adjuvant to surgery, may be considered as a rational
therapeutic modality.
Although the role of IPC in treating peritoneal seeding
or preventing peritoneal recurrence for advanced gastric
cancer is still controversial, its use in prophylactic treatment
in potentially curative gastric cancer resection has shown
improved survival and lower peritoneal recurrence rates in
Japan and Korea[5,6]. There are some prospective randomized
trials that have shown a patient with surgery plus IPC was
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1.3 more times more likely to survive 5 years than a patient
with surgery alone[6]. However, prolonged post-operative ileus
(POI) is one of the most commonly reported complications
of IPC[7-9]. In the situation of an immunocompromised condition
induced by surgical trauma, cancer, and chemotherapy,
prolonged gastro-intestinal (GI) tract stasis can increase the
potential for bacterial overgrowth and translocation,
potentially leading to systemic sepsis and multiple organ
failure, both of which are the most prevalent post-operative
complications causing death[10,11].
To our knowledge, there are few reports concerning
aggressive treatment or prevention of POI in patients
undergoing IPC. Most treatments for this problem are largely
supportive, including naso-gastric (NG) decompression,
intravenous hydration and parenteral nutrition.
Metoclopramide (Met) antagonizes central and peripheral
dopamine receptors and sensitizes GI tract receptors to
acetylcholine[12-14]. These actions increase peristalsis in the
antrum, duodenum, and jejunum and increase the lower
esophageal pressure. In previous studies about the effect
of Met on intestinal motility, major surgical procedures have
not been combined with intensive regional chemotherapy.
The incidence of prolonged POI was reported as relatively
low and the prophylactic use of Met as seemingly unnecessary
or ineffective[15-19].
The present study was a prospective, controlled trial
in which only gastric cancer patients who underwent
sub-total or total gastrectomy were enrolled. The aim of
the study was to assess the effects of Met on the IPC-induced
ileus.

MA
TERIALS AND METHODS
MATERIALS
This study was approved by the institutional review board
of Tri-Service General Hospital and informed consent was
obtained from patients and family members. It was a
prospective, controlled study conducted in the above
hospital from March 2001 to October 2004, involving
patients lesser than 70 years who had undergone R0
curative gastrectomy with D2 lymph node, i.e., N1 and N2,
dissection[20] followed by IPC for advanced gastric cancer,
including T3 (serosal penetration) or T4 (invasion of adjacent
organs), according to the Japanese Classification of Gastric
Carcinoma[21]. The type of resection, total or sub-total gastrectomy, depended on the location and Bormann type of
primary tumor. After the potentially curative operation was
performed, the peritoneal cavity was extensively washed,
using seven liters of physiologic saline (1 L, seven times),
followed by IPC with mitomycin-C (MMC) 10 mg in 1 L
normal saline, for 60 min for all patients. The patients were
allocated into two groups of 16 patients each. Patients in group
A received intravenous Met 10 mg, every 8 h, commencing
immediately after completion of the operation and continued
until oral feeding with soft diet was resumed or abdominal
cramping pain developed. Patients in group B received an
equivalent volume of 5% dextrose in water, and did not
receive Met. A control group (group C) of further 16 patients
did not receive IPC and Met. All patients had received
epidural pain control for the first three post-operative days,
and then pain control was changed to intramuscular meperidine

4777

on post-operative day (POD) four in three groups.
Epidural pain control
Before surgery, a thoracic epidural catheter was inserted at
T8-T10 and advanced 5 cm into the epidural space. A test dose
of 3 mL of 2% lidocaine containing epinephrine (5 µg/mL)
was administered to rule out intra-thecal or intravascular
misplacement. After pre-operative assessment of the epidural
block, general anesthesia was induced with fentanyl (2 µg/kg),
cisatracurium (2 mg), thiamylal (3-5 mg/kg), and lidocaine
(1.5 mg/mg) by intravenous (IV) administration, and tracheal
intubation was facilitated with succinylcholine (1.5 mg/mg).
General anesthesia was maintained with desflurane in oxygen
(300 mL/min) in a totally closed circuit system where the endtidal desflurane concentration was maintained at 7.5±0.5%.
Cisatracurium was used for muscle relaxation. No additional
intravenous opioid was given during operation. Standard
monitors included pulse oximetry, electrocardiography,
central venous pressure measurement, and intra-arterial
pressure measurement via a radial artery catheter. At the end
of surgery, the residual neuromuscular block was antagonized
with edrophonium (4 mg) and atropine (0.6 mg); the
endotracheal tube was removed when the patient breathed
spontaneously. After surgery, all patients received a uniform
epidural pain control regimen consisting of morphine (1 mg)
in 10 mL of 0.095% bupivacaine every 8 h until 72 h. If pain
relief was insufficient, meperidine (50 mg every 6 h) was
given. Acetaminophen tablets or meperidine were administered
after termination of epidural pain control.
Postoperative care
Serum electrolytes were monitored and corrected in the
first seven post-operative days for all patients. Serum
C-reactive protein (CRP) levels and abdominal drainage fluid
amylase levels were determined post-operatively in all patients.
Pancreatic leakage was suspected if the amylase levels of
abdominal drainage fluid rose to more than 4 000 U/L[22].
NG tubes were removed immediately after operation in
patients receiving a total gastrectomy and maintained for
one day in patients receiving a sub-total gastrectomy.
Indication of NG tube reinsertion was biliary vomiting or
abdominal distension. Oral intake with 5% glucose solution
resumed immediately after the first bowel flatus, and then
progressed to a soft diet two days later, if no abdominal
discomfort developed. Patients who could not resume oral
intake of a soft diet beyond the seventh POD and have
generalized ileus shown in plain abdominal x-ray film (KUB)
(Figure 1), were defined as having prolonged POI. The
epidural catheter was removed routinely on the third POD
(approximately 72 h after surgery). The main aim of the
study was to compare the length of time of IPC-induced
ileus. Therefore, data collected included time to the first
post-operative bowel flatus, and number of days required
for patients to tolerate a soft oral diet. Narcotic use was
recorded for comparison among the three groups. Other
information analyzed included operation time, type of
resection, blood loss, and complications.
Student’s t-test, Fisher exact test or the Mann-Whitney
U-test were used in the statistical analysis. Probabilities of
less than 0.05 were accepted as significant.
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RESUL
TS
RESULTS
There were no major differences among the three groups
with regard to clinico-pathological characteristics (Table 1).
However, patients receiving IPC were younger than those not
receiving IPC (56.8±13.2, 57.5±11.7 years vs 67.5±17.7 years,
P = 0.048). All three groups had an increase of serum CRP
post-operatively (Figure 2). Group A and B patients, however,
had much higher levels of CRP, which were significantly
raised at the first day post IPC, compared with the group C
patients (P<0.05). There was a more prominent and prolonged
response in patients undergoing IPC.
The mean time of first flatus and resumption of glucose
solution was not different among the three groups (Table 2).
Regarding a soft oral diet, however, there was a significantly
shorter mean time in group A patients compared with group
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B patients (7.21±1.92 d vs 10.15±2.17 d, P<0.05) and no
difference between group A and group C (7.21±1.92 d
vs 7.53±1.35 d, P>0.05) . There was one death (6.25%)
secondary to aspiration pneumonia and sepsis in group B.
Several complications (prolonged POI, wound infection,
pneumonia, anastomotic leakage, pancreatic leakage) are
shown in Table 3. The patients in group B have a higher
incidence of prolonged POI. All complications were
successfully treated with medical therapy, except for one
case of aspiration pneumonia leading to the only death.

DISCUSSION
Prolonged POI is a significant problem after abdominal surgery,
especially when accompanied by IPC. This study indicates
that intravenous Met, combined with thoracic epidural pain

Table 1 Clinicopathological characteristics of patients in three groups
Group A
(n = 16)
Sex (M/F)
Age (yr)
Sub-total/total gastrectomy

Group B
(n = 16)

Group C
(n = 16)

P

11/5

12/4

10/6

NS

56.8±13.2

57.5±11.7

67.5±17.7

0.048

11/5

10/6

10/6

NS

Operation time (min)

272±60

312±69

259±43

NS

Blood loss (mL)

216±106

235±92

196±137

NS

Meperidine use (mg/d)

83.3±21.6

91.4±31.2

79.3±15.9

NS

pT3

14

13

14

pT4

2

3

2

4

4

3

Primary tumor1

NS

Stage2

NS

II
IIIa

4

3

4

IIIb

5

6

6

IV

3

3

3

Gender was assessed by χ2-test, others were assessed by t-test. Significant difference in age (P = 0.048) between group C and groups A and B. 1T classification according
to the Japanese Classification of Gastric Carcinoma (22). 2Staging classification according to the 1997 TNM staging system. NS: not significant. All patients had received
R0 gastrectomy with D2 lymph node dissection.

Table 2 Bowel motility recovery (mean days and standard deviation)
Group Aa
(n = 16)

Group Ba
(n = 16)

Group Ca
(n = 16)

P
NS

First bowel flatus

4.35±0.93

4.94±1.37

4.71±1.22

Time elapsed to glucose solution

5.43±1.15

6.67±2.71

5.81±1.35

NS

Time elapsed to soft diet

7.21±1.92

10.15±2.17

7.53±1.35

<0.05

1 (6.25)

9 (56.25)

1 (6.25)

<0.01

NG tube reinsertion (%)
a

Significant difference in days to soft diet ( P<0.05) between group B and groups A and C. NG tube: nasogastric tube. NS: not significant.

Table 3 Postoperative complications and mortality
Group Ab
(n = 16)

Group Bb
(n = 16)

Group Cb
(n = 16)

P

0

11

0

NS

Prolonged POI
Wound infection

1 (6.25)
2

9 (56.26)
1

1 (6.25)
2

<0.01
NS

Pneumonia
Anastomotic leak

2
0

3
0

2
1

NS
NS

Pancreatic leak

3

3

2

NS

Death

1

b

The patient died of aspiration pneumonia and sepsis. Significant difference in prolonged POI ( P<0.01) between group B and groups A and C. Prolonged POI was
defined as intolerance to oral soft diet more than 7 d and generalized ileus shown in KUB. Pancreatic leakage was defined as amylase level of abdominal fluid more
than 4 000 U/L POI: post-operative ileus. NS: not significant.
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Figure 1 One patient in group B developed biliary vomiting on the 7 th postoperative d. The supine abdominal plain x-ray film showed generalized ileus.
(Arrow: dilated colonic air; arrow head: water-soluble contrast media retention in
proximal jejunum).

CRP levels (mg/dL)

120
Group A

100

Group B

80

Group C

60
40
20
0
Before 0

1

2

3
4
Time (d)

5

6

7

Figure 2 Serial measurement of CRP levels in three groups of patients (group
A, with IPC and Met treatment; group B, with IPC but without Met treatment;
group C, without IPC and Met) at eight different time points. The change of serum
CRP were found to be prominent and prolonged in groups A and B. The data are
expressed as mean±SD.

control, could effectively prevent prolonged IPC-induced
ileus in gastric cancer patients. Further it is indicated that
the administration of intravenous Met in patients receiving
GI resection does not increase the risk of leakage of the
newly constructed GI anastomosis.
IPC, with or without hyperthermia, has been used
successfully for a variety of intra-abdominal malignancies,
especially ovarian and GI tract cancer[23,24]. Although it
has many advantages, such as a high cytotoxic level of
intra-peritoneal drug and less systemic toxicity, it is associated
with morbidity. Prolonged POI is one of the most consistent
and common side effect[7,8,25,26]. Prolonged POI was also
observed in our study in which intra-peritoneal infusion
of MMC was performed in 32 patients. Of these patients,
10 (31.2%) developed prolonged POI, especially in group
B (56.25%). This is a higher incidence compared with a
previous report that indicated an incidence of 42%. The
reason of the higher incidence might partly be due to us
giving a more clear definition of prolonged POI in our
study.
POI is a poorly understood complication in post-surgical
patients. The autonomic nervous system, inflammatory
mediators, neurotransmitters, and opioid receptors have all
been implicated in the pathophysiology of POI[27-32]. With
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respect to the inflammatory response to surgery, Cannon
and Murphy demonstrated in 1906 that opening the peritoneum
in dogs and surgical manipulation of the bowel resulted in
decreased peristalsis[33]. More recently Kalff et al.[31], showed
an association between bowel manipulation and impaired
contractile activity, noting increased neutrophil infiltration
of the muscularis. Surgical manipulation of the bowel and
subsequent ileus has been linked to the release of inflammatory
mediators from WBC. The inflammatory mediators released
as part of a stress response contributes to the development
of POI. In general, it is characterized as a temporary impairment
of intestinal motility after surgery. Usually different areas
of the GI tract resume function at different times. The
stomach can take 24-48 h to recover, whereas the colon
requires 72-120 h to resume normal motility patterns. Thus,
uncomplicated POI resolves spontaneously after approximately
3-5 d[34,35]. Moreover, some studies indicated that after 7 d
of fasting, the intestinal mass decreased by nearly 50%,
which might increase the risk of bacterial translocation and
septic complications[36-38]. Therefore, we made a definition
of prolonged POI as intolerance of soft diet exceeding 7 d
after operation and generalized ileus in KUB. Abdominal
surgical procedures may be responsible for the uncomplicated
POI. However, extensive surgical procedures, IPC, or a
combination of both, may be responsible for prolonged
ileus. Stimulation in the small intestine, such as mechanical
inflammation after surgical manipulation, may be enhanced
by chemical inflammation after IPC, and thus prolong
reasonably predictable uncomplicated POI. This was clearly
observed in our study which indicated that more patients
receiving IPC developed prolonged POI than patients not
receiving IPC. Indeed, the concentration of acute phase
protein (CRP) in the blood samples of the patients receiving
IPC exceeded the level in patients not receiving IPC, suggesting
IPC may worsen POI by increasing an inflammatory response.
Prolonged POI and GI tract stasis, in the situation of
an immuno-compromised condition induced by cancer,
surgical trauma and chemotherapy, will increase the potential
for bacterial overgrowth and translocation, which could lead
to systemic sepsis and multiple organ failure. Both these
post-operative complications are the most prevalent causes
of death[9,10]. Clearly, it is important to find a strategy for
preventing or treating these problems.
Met has been used as a prokinetic agent for many years
and may potentially influence motility throughout the GI
tract[11-13]. It has both a central and peripheral anti-dopamine
effect as well as a direct and indirect stimulatory effect on
cholinergic receptors. Dopaminergic receptors have been
identified throughout the GI tract. It has also been suggested
that the prokinetic effect of Met may be due to the stimulatory
effect on cholinergic receptors and the blockade of dopamine
receptors that inhibit the release of acetylcholine. This
inhibition of dopamine and augmentation of acetylcholine
release are thought to sensitize the muscarinic receptors of
the GI smooth muscle, allowing for coordinated intestinal
motor function. However, results of several studies on the
effect of Met on POI have been varied. Some studies have
supported the hypothesis that Met reduces the length of
POI[39,40], whereas others refute it[14-19]. In this study, the effect
of Met on preventing prolonged POI was obvious. There
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were some differences in our study compared to pervious
studies about the effect of Met on POI. Firstly, our study
focused on prolonged POI, not uncomplicated POI.
Moreover, we have a more clear definition of prolonged
POI. Met may not change the course of uncomplicated
POI, however, it could prevent IPC-induced prolonged POI.
Theoretically, prolonged POI has more important and
deleterious effect on clinical outcome than uncomplicated
POI. However, there was no obvious effect of Met on clinical
outcome. Small sample of this study might be the reason.
Secondly, all our patients received thoracic epidural pain
control. Thoracic epidural analgesia shortens POI via this
mechanism by not only blocking pain and lessening stress,
but also by inhibiting sympathetic efferent nerve transmission
to the gut while preserving motility-promoting parasympathetic
stimulation in the sacral region. Parasympathetic innervation
via both the vagus nerve and sacral nerve roots can be
spared, while sympathetic innervations to the gut (T5-L2)
can be selectively blocked when local anesthetics are delivered
through a mid-thoracic epidural catheter[41-43]. In our study,
however, most of the patients in group B who received
IPC without Met administration developed prolonged ileus,
even though they all had epidural pain control. This might
be due to epidural anesthesia could not completely abolish
IPC-induced inflammatory inhibition of intestinal motility.
In contrast, additional administration of Met in group A
patients can sensitize the muscarinic receptors of the GI
smooth muscle, allowing for coordinated intestinal motor
function even though these patients had underwent IPC
and vagotomy. Therefore, the time to resumption of soft
diet was significantly reduced by Met when compared
without Met (Table 3). It is believed that the combination
of Met and epidural pain control has a synergic effect on
the motility of the GI tract.
An important consideration is whether it is safe to promote
intestinal motility by epidural anesthesia or intravenous Met
immediately after operation. Some authors have questioned
whether Met or epidural anesthesia might be harmful to
healing of GI anastomoses because of the increased bowel
motility[44,45]. In the present study, however, no patient
developed anastomotic leakages after administration of Met
and epidural anesthesia. Our findings do not support the
common fear that disturbance to healing of GI anastomoses
and an increased risk of anastomotic leakages are linked
with early increase of GI motility. Similar results to ours
have been reported by some authors[46,47]. Moreover, early
removal or no use of an NG tube after operation is safe in
patients receiving Met, only one patient needed reinsertion
of the tube in our patients. The concept has been speculated
by some investigators[48,49].
Prolonged POI occurs frequently in patients undergoing
extended gastrectomy and IPC, increasing the time needed
to achieve nutritional goals, and limiting the benefit of early
enteral feedings. This study was the first to examine the
role of Met in a group of advanced gastric cancer patients
undergoing extended gastrectomy and IPC. Our results
demonstrated a clear improvement in the resumption of
oral soft diet in the Met-treatment group during the 1st wk
post-operatively compared with the no-treatment group
(7.21±1.92 d vs 10.15±2.17 d, P<0.05). There is a theoretical

August 21, 2005 Volume 11 Number 31

possibility that improvement in nutritional intake might
improve outcome. We found no significant differences among
three groups in infectious risk, or mortality. This study,
however, was not powered to detect small differences in
outcome. Further studies with more patients are needed to
determine whether patient outcomes can be improved by
the administration of Met in clinical outcome.
In conclusion, Met with epidural pain control prevents
prolonged POI at an early post-operative stage in advanced
gastric cancer patients undergoing gastrectomy and IPC.
We conclude that Met can be used as a safe prokinetic drug
for post-operative intestinal dysmotility worsened by IPC.
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Abstract
AIM: Human β-defensin (HBD)-1 and HBD-2 are endogenous
antimicrobial peptides. Unlike HBD-1, the HBD-2 expression
is augmented by Helicobacter pylori (H pylori). We sought
to determine HBD-1 and HBD-2 concentrations in gastric
juice during H pylori infection.
METHODS: HBD-1 and HBD-2 concentrations were
measured by radioimmunoassay in plasma and gastric
juice of 49 H pylori-infected and 33 uninfected subjects
and before and after anti-H pylori treatment in 13 patients
with H pylori-associated gastritis. Interleukin (IL)-1β and
IL-8 concentrations in gastric juice were measured by
enzyme-linked immunosorbent assay (ELISA). Histological
grades of gastritis were determined using two biopsy
specimens taken from the antrum and corpus. Reverse
phase high performance liquid chromatography (RP-HPLC)
was used to identify HBD-2.
RESULTS: HBD-2 concentrations in gastric juice, but not
in plasma, were significantly higher in H pylori-positive
than -negative subjects, albeit the post-treatment levels
were unchanged. Immunoreactivity for HBD-2 was
exclusively identified in H pylori-infected mucosa by RPHPLC. HBD-2 concentrations in gastric juice correlated with
histological degree of neutrophil and mononuclear cell
infiltration in the corpus. IL-1β levels correlated with those
of IL-8, but not HBD-2. Plasma and gastric juice HBD-1
concentrations were similar in H pylori-infected and
uninfected subjects.
CONCLUSION: Our results place the β-defensins, especially

HBD-2, in the front line of innate immune defence.
Moreover, HBD-2 may be involved in the pathogenesis of
H pylori-associated gastritis, possibly through its function
as immune and inflammatory mediator.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) infection is the major cause of
chronic gastritis and peptic ulcer disease and is a risk factor
for gastric cancer[1,2]. The non-invasive organism colonizes
the gastric epithelium and elicits specific antibodies against
various immunogenic proteins derived from the bacteria[3].
H pylori-associated gastritis is characterized by intense
infiltration of neutrophils and mononuclear cells into the
lamina propria[4,5]. However, despite these humoral and
cellular immune responses, the infection usually lasts a
lifetime in the absence of antibiotic treatment[5]. Moreover,
current anti-H pylori combination regimens are rather
complicated and do not always result in cure of the
infection because H pylori strains often develop resistance
to antibiotic drugs[3,6].
Recently, various endogenous anti-microbial peptides
have been identified as key elements of innate host defence
against infection[7,9]. Defensins, single chain cationic peptides
of molecular weight ranging from 3 000 to 4 500 Da, are
one of the most extensively studied classes of such naturally
occurring antibiotics [7,9]. They exhibit a wide variety of
microbicidal activities against Gram-positive and -negative
bacteria, mycobacteria, fungi and certain enveloped viruses[7,9].
Human defensins are divided into α- and β-defensins, based
on the arrangements of three intra-molecular disulfide
bridges[7,9]. At present, four members of β-defensins have
been isolated in humans[7-11]. They are essentially synthesized
in the epithelial compartment at various mucosal sites[7-11].
Recent in vitro studies showed the constitutive expression
of human β-defensin (HBD)-1 and induced expression of
HBD-2 in several gastric cancer cell lines in response to
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H pylori infection[12-14]. Exclusive enhancement of HBD-2
expression upon H pylori infection was also noted in patients
with chronic gastritis[15,16]. However, there is no information
on the secretion of HBD-2 into the gastric lumen in vivo or
its concentrations in gastric juice during H pylori infection.
We have developed a sensitive, specific radioimmunoassay
(RIA) for HBD[17]. Employing this assay system, we measured
HBD-2 concentrations in gastric juice of H pylori-infected
and uninfected individuals. This study paves the way for
further understanding of the mechanisms involved in host
immune response to this pathogen.

MA
TERIALS AND METHODS
MATERIALS
Patients and sampling
A total of 82 patients referred for diagnostic upper
gastro-intestinal endoscopy between September 2002 and
August 2003 were enrolled in the present study. The
following exclusion criteria were applied for enrollment in
the study. (1) The use of non-steroidal anti-inflammatory
drugs, proton pump inhibitors, histamine H 2-receptor
antagonists or antibiotics within 4 wk prior to the present
study; (2) History of severe concomitant diseases, upper
gastro-intestinal surgery, peptic ulcer diseases and gastric
cancer. On the day of endoscopy, blood samples were taken,
transferred into tubes containing EDTA-2Na and aprotinin,
until
centrifuged, plasma separated, and stored at -80
assay.
At the beginning of endoscopy (XQ 200; Olympus
Optical Co., Tokyo, Japan), a sample of the gastric juice
was aspirated into collection tube containing EDTA-2Na
and aprotinin using an aspiration instrument (PW-6P-1,
Olympus) under endoscopic guidance. Gastric juice samples
were immediately neutralized to pH 7.0 with 1 N NaOH
until measurement. Two biopsy
and frozen at -80
specimens were endoscopically obtained from both the
antrum within 2 cm of the pyloric ring and the middle
portion of the corpus along the greater curvature, fixed in
10% buffered formalin and embedded in paraffin. One
was used for rapid urease test (Helicocheck, Otsuka
Pharmaceutical Co., Tokushima, Japan) and another for
histopathological and immunohistochemical assessments.
Fourteen patients with H pylori-associated gastritis were
treated with eradication therapy consisting of lansoprazole
(30 mg twice daily), amoxicillin (750 mg twice daily) and
clarithromycin (400 mg twice daily) for 7 d[18]. Four weeks
after cessation of the treatment, patients were examined by
endoscopy again, and gastric juice and biopsy specimens were
taken in a similar fashion to that performed before treatment.
Eradication of H pylori was considered successful when
13
C-urea breath test was negative[18].
Histopathological examination
Paraffin-embedded biopsy specimens were cut into 4µm thick sections and stained with hematoxylin and eosin.
Each histological parameter of activity (neutrophils), chronic
inflammation (mononuclear cells), glandular atrophy and
intestinal metaplasia in the antrum and corpus of patients
with H pylori infection was scored as 0, 1, 2 or 3 corresponding
to none, mild, moderate or severe, respectively, based on
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the Sydney system[19,20]. Intestinal metaplasia was defined
by the presence of goblet cells in glandular mucosa with
Alcian blue (pH 2.50)/periodic acid-Schiff staining[21].
Furthermore, the density of H pylori colonization
assessed with Giemsa staining was also scored from 0 to 3,
based on the above classification system[19,20]. The biopsy
specimens were examined blindly without knowledge of the
results of β-defensins measurement.
Diagnosis of H pylori infection
H pylori status was assessed by serology (anti-H pylori
immunoglobulin G antibody, HEL-p TEST, AMRAD Co.,
Melbourne, Australia), rapid urease test and histology with
Giemsa staining. Patients were considered positive for H pylori
infection when at least two of these examinations yielded
positive results[20,22]. On the other hand, patients were defined
as H pylori-negative, if all test results were negative[23].
Measurement of interleukin (IL)-1β and -8 levels in gastric
juice
The concentrations of interleukin (IL)-1β and -8 in gastric
juice were measured as described previously[20,22,24]. The
samples were assayed for total protein by a modified Lowry
method, diluted to 0.5 mg/mL total protein concentration,
until assay. Measurement of the two
and frozen at -80
cytokines in the aliquots was performed using commercially
available assay kits (Research and Diagnostics, Minneapolis,
MN, USA), which employ the quantitative immunometric
sandwich enzyme immunoassay technique. These assays were
performed in duplicate according to the instructions provided
by the manufacturer. In our study, inter- and intra-assay
variabilities were <10%, respectively[20,22].
Measurement of HBD-1 and -2 levels in plasma and gastric
juice
The concentrations of HBD-2 in plasma and gastric juice samples
were measured by RIA established in our laboratory[17].
Briefly, full-length HBD-2 was synthesized using a peptide
synthesizer (model 430, Applied Biosystems, Foster City,
CA, USA) and purified by reverse phase high performance
liquid chromatography (RP-HPLC). Synthetic HBD-2
was used for immunizing New Zealand white rabbits by
multiple intracutaneous and subcutaneous injections. It was
radio-iodinated and the 125I-labelled peptide was purified by
RP-HPLC on a TSK ODS 120A column (Tosoh Co.,
Tokyo). The diluted sample or a standard peptide solution
(100 µL) was incubated for 24 h with 100 µL antiserum
diluent (final dilution 1:4 200 000). The 125I-labelled solution
(16 000 cpm in 100 µL) was added and the mixture was
incubated again for another 24 h. Normal rabbit serum
and anti-rabbit IgG goat serum were then added and stored
for 16 h. Bound and free ligands were separated by
and
centrifugation. All procedures were performed at 4
duplicate assays were carried out. Volumes of 0.5 mL plasma
and 1-2 mL gastric juice were used to determine the levels
of HBD-2. The concentrations of HBD-1 were also
measured in similar fashions. The intra-assay and inter-assay
coefficients of variation were <10%, respectively, in both
the RIA analyses[15,23].
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Chromatographic characterization of HBD-2
Chromatographic characterization of HBD-2 was performed
as described previously[26,27]. Each 10 mg wet weight of noncancerous mucosal tissue was sampled from surgically
resected stomach of three patients with gastric cancer and
H pylori infection. The samples were immediately homogenized
and aliquots of homogenate supernatants, obtained by
centrifugation (10 000 g for 10 min), were used for RPHPLC on a TSK ODS SIL 120A column (Tosoh Co.). A
linear gradient of acetonitrile (CH3CN) from 10% to 60%
in 0.1% trifluoroacetic acid (pH 2.0) was used at a flow
rate of 1.0 mL/min for 50 min. All fractions were analyzed
for HBD-2 employing RIA.
Statistical analysis and ethical considerations
Statistical analyses were performed using Fisher’s exact, χ2,
Student’s t, Mann-Whitney U, Kruskal-Wallis, Spearman
rank and Wilcoxon signed ranks tests, as appropriate. A P
value of less than 0.05 was accepted as statistically significant.
Data were expressed as mean±SD.
All examinations were conducted according to Good
Clinical Practice and the Declaration of Helsinki, and were
approved by the university ethics committees. All samples
were obtained with written informed consent of the patients
prior to their inclusion in the study. All experiments involving
animals were approved by the ethics review committees
for animal experimentation of participating universities.
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(correlation coefficient, r = 0.036 and -0.005 for each
HBD-1 and HBD-2). In addition, there were no significant
correlations between HBD-1 and HBD-2 levels in plasma
(r = -0.077) and gastric juice (r = -0.092).
Correlation between HBD-2 and cytokine levels in gastric juice
There were significant differences in IL-1β and IL-8
concentrations in gastric juice between H pylori-positive and
-negative subjects (P<0.05 and P<0.005, respectively,
Table 2). HBD-2 concentrations in gastric juice did not
correlate with IL-1β and IL-8 levels (r = -0.055 and r = 0.121,
respectively). There was a positive correlation between IL1β and IL-8 concentrations (r = 0.575, P<0.0001).
Table 2 Plasma and gastric juice HBD-1 and HBD-2 levels and
gastric juice IL-1β and -8 concentrations
H pylori-positive
(n = 49)

H pylori-negative
(n = 33)

P

Plasma
HBD1 -1 levels (ng/mL)

10.1±0.9

9.6±1.8

NS

HBD-2 levels (pg/mL)

276.2±61.0

257.2±56.0

NS

Gastric juice
HBD-1 levels (pg/mL)

384.2±101.5

357.9±79.6

NS

HBD-2 levels (pg/mL)

230.3±77.4

118.1±87.7

<0.0005

Interleukin 1β levels (mg/mL)

53.6±16.9

5.3±4.4

<0.05

Interleukin 8 levels (pg/mL)

17.9±3.1

8.6±1.7

<0.005

Human β-defensin, NS: not significant.

1

RESUL
TS
RESULTS
Patient demographics
The study population consisted of 49 H pylori-positive and
33 H pylori-negative subjects. They included 38 men and 44
women, with mean age of 50 years (range, 25-78 years).
There were no significant differences between the H pyloripositive and -negative groups in background data on age,
sex, body mass index, current tobacco use and alcohol intake
(Table 1).
Table 1 Baseline characteristics

Mean age, ys (range)
Male/female
Smoker
Alcohol drinker
Body mass index (range)

H pylori-positive
(n = 49)

H pylori-negative
(n = 33)

49.9 (25-72)

49.6 (28-78)

24/25
17 (34.7%)
16 (32.7%)
24.4 (17.1-29.0)

14/19
12 (36.4%)

Correlation between gastric juice HBD-2 concentrations and
histopathological parameters
As shown in Table 3, HBD-2 concentrations in gastric juice
correlated positively with the scores of activity and chronic
inflammation in the corpus (P<0.005 and P<0.05, respectively),
but not with glandular atrophy and intestinal metaplasia
scores in the corpus. On the other hand, there were no
significant correlations between HBD-2 concentrations and
each score of gastritis in the antrum. In addition, H pylori
density in the antrum and corpus did not correlate with
HBD-2 concentrations in gastric juice.
Table 3 Correlation coefficients between gastric human-β-defensin
2 levels and each histological parameter
Correlation coefficient

10 (30.3%)
23.7 (16.4-28.8)

Plasma and gastric juice β-defensins concentrations according
to H pylori status
HBD-2 levels in gastric juice of patients with H pylori
infection were significantly higher than those of H pylorinegative subjects (P<0.0005, Table 2), whereas infection
had no significant impact on plasma concentrations of
HBD-2 (Table 2). There were no significant differences in
HBD-1 concentrations both in plasma and gastric juice with
respect to H pylori status (Table 2). The levels of β-defensins
in gastric juice did not correlate with those in plasma

P

Antrum
Activity

0.048

NS

Chronic inflammation

0.258

NS

Glandular Atrophy

0.148

NS

Intestinal Metaplasia

-0.063

NS

H pylori density

0.011

NS

Corpus
Activity

0.499

<0.005

Chronic inflammation

0.341

<0.05

Glandular Atrophy

0.294

NS

Intestinal Metaplasia

0.081

NS

H pylori density

0.237

NS

NS: not significant.
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Table 4 Gastric juice HBD-2 and IL-1β and -8 levels before and after anti-H pylori therapy
Successful eradication of H pylori (n = 10)

Failed eradication (n = 4)

Before therapy

After therapy

P

Before therapy

After therapy

P

182.2±57.6
17.7±10.2

210.1±66.4
0.5±0.3

NS
<0.05

137.4±65.2
88.5±80.9

112.9±79.3
64.7±64.1

NS
NS

22.3±2.1

12.8±1.8

<0.005

18.1±6.1

18.6±4.5

NS

Gastric juice
HBD1-2 levels (pg/mL)
Interleukin 1β levels
(pg/mL)
Interleukin 8 levels
(pg/mL)
1

Human β-defensin, NS: not significant.

Effects of eradication treatment on gastric juice concentrations
of HBD-2, IL-1β and IL-8
Successful eradication of H pylori was achieved in 10 of 14
(71%) with the triple therapy. At 4 wk after completion of
the 7-d treatment, HBD-2 concentrations in gastric juice
of these patients were not significantly different from those
measured before eradication therapy (Table 4). However,
H pylori eradication was associated with a significant fall in
IL-1β, and IL-8 levels of gastric juice compared with pretreatment levels (P<0.05 and P<0.005, respectively, Table 4).
In patients who were still infected with H pylori after
antibiotic treatment, HBD-2, IL-1β and IL-8 levels in gastric
juice remain unchanged compared to the pre-treatment
concentrations (Table 4).
Chromatographic characterization of HBD-2
Immunoreactive HBD-2 was identified in the gastric mucosa
infected with H pylori on RP-HPLC coupled with RIA
(Figure 1). The peak was situated at a position identical to
that of synthetic HBD-2 peptide. Each sample prepared
yielded the same chromatographic pattern.

hBD-2

75

60

50

10
CH3CN (%)

ir-hBD-2 (pg/mg)

100

25
0
0

10

20
30
40
Fraction number

50

Figure 1 Representative RP-HPLC profiles of the HBD-2 molecules in H pyloriinfected gastric mucosa.

DISCUSSION
Recent studies have shown the inducible expression of HBD-2
messenger ribonucleic acid (mRNA) in response to H pylori
infection in cultured gastric epithelial cells[12-14]. In clinical
setting of gastritis, the HBD-2 mRNA and peptide expression
is evidently increased in gastric mucosa infected with the
organism[15,16]. There are a few in vitro observations of the
secretion of HBD-2 peptide upon H pylori infection. George
et al.[26], showed its enhanced release in supernatants from

infected gastric cancer cell lines by Western blotting.
However, the actual concentrations of such antimicrobial
peptides at the local site of human stomach during H pylori
infection remain unknown. Our sensitive RIA system
allowed us to determine the HBD-2 concentrations in gastric
juice, as well as in other body fluids and blood[17,25]. Thus,
we demonstrated, for the first time, that the HBD-2 levels
in gastric juice of H pylori-infected patients were significantly
higher than those of uninfected ones, suggesting its
physio-pathological significance in the bacterial infection.
In contrast, H pylori status did not have a significant impact
on plasma HBD-2 levels. Immunoreactivity for HBD-2
was identified in H pylori-infected gastric mucosa by RTHPLC combined with RIA. In agreement with the results
of previous studies[15,16], immunohistochemical staining against
anti-HBD-2 antibody within the infected mucosa was
confined to the superficial epithelial cells. Taken together,
we believe that H pylori infection stimulates the biosynthesis
of HBD-2 in gastric mucosa, primarily in epithelia
confronting this organism[15], and the product is mainly
released into the gastric lumen.
In the present study, however, there was no significant
difference in gastric juice, HBD-2 levels before and 4 wk
after cure of the infection, and in certain cases, posttreatment HBD-2 levels were rather increased compared
to the pre-treatment ones. In contrast, Hamanaka et al.[15],
reported that epithelial HBD-2 expression assessed by
immunohistochemistry was markedly decreased in gastric
specimens obtained 4 wk after eradication of H pylori,
concomitant with the pronounced reduction of its transcripts
to undetectable levels by reverse transcription-polymerase
chain reaction (RT-PCR). These results must be interpreted
within the context of studies’ limitations including their small
sample sizes, differences in samples assessed-gastric biopsy
tissues vs gastric juice- and diverse methodological
approaches to HBD-2. Nevertheless, one might postulate
the mingling of HBD-2 secreted by the other cells than
gastric epithelial cells, such as esophageal squamous cells, in
the gastric juice. In fact, more than 95% of biopsy specimens
from the esophagus were positive for the β-defensin mRNA
on RT-PCR analysis[16]. Several recent studies have shown
that elimination of H pylori infection would lead to the
development of gastro-esophageal reflux disease, probably
in some cases, in association with post-treatment increase
in acid secretion[27-29]. At present, however, there is no
information available as to whether the esophageal HBD-2
expression is altered during this condition or upon such
stimuli as refluxates with increased acidity.
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We found the association of HBD-2 concentrations in
gastric juice with histological degree of mucosal infiltration
of neutrophils and mononuclear cells in the corpus, but
not in the antrum. In line with this, Wehkamp et al. [16],
reported that H pylori colonization was significantly related
to higher percentage of positive biopsies taken from the
corpus with respect to HBD-2 transcripts. The sparse
distribution and confined localization to cells of the apical
foveolae of this peptide [15,16] may be attributable to the
topographical differences in HBD-2 expression. In addition
to the direct anti-microbial activity, evidence is accumulating
for the role of defensins as immune and inflammatory
mediators[7-9,30]. In fact, β-defensins display chemotactic
activities for dendritic cells and T lymphocytes through the
chemokine receptor CCR6[30]. It is possible that β-defensins,
especially HBD-2, may be involved in the pathogenesis of
H pylori-associated gastritis, in part, via their action as
chemoattractant. Again, the HBD-2 levels in gastric juice
can provide useful information on histological severity of
corporal mucosal inflammation.
Recent in vitro studies have demonstrated that HBD-2
mRNA expression is stimulated by pro-inflammatory
cytokines such as IL-1β and tumor necrosis factor α in
various cell lines including gastric epithelial cells[9,12,13]. We
have also reported a positive correlation between IL-1β
and HBD-2 concentrations in broncho-alveolar lavage fluid
of patients with pneumonia and diffuse panbronchiolitis[17,23].
In the present study, however, there was no significant
correlation between gastric juice HBD-2 and IL-1β
concentrations, whereas the IL-1β levels strongly correlated
with those of IL-8. IL-1β is known to activate nuclear factor
kappa B (NF-κB) [31], an important transcription factor
regulating a plethora of genes including those of IL-8 and
HBD-2[9,31,32]. In this regard, we demonstrated that mucosal
IL-8 levels of patients with H pylori-associated gastritis
correlated strongly with the grades of activated NF-κB
expression in gastric epithelial cells[20,22]. Considered together,
these data suggest that IL-8 expression is probably enhanced
by IL-1β-induced NF-κB activation within the H pyloriinfected mucosa. On the other hand, we suggest that the
increased expression of HBD-2 in the gastric epithelium
may result from the direct contact between this pathogen
and epithelial cells in vivo.
H pylori status had no impact on HBD-1 concentrations
in gastric juice, providing further evidence for its constitutive
nature[12-14,16]. Since ingestion of contaminated food or water
exposes the gastric mucosa to a wide variety of microbial
pathogens, the constitutive expression of HBD-1 could play
a ‘surveillance-like’ role during normal homeostasis of
human stomach[33].
The in vitro minimal inhibitory concentrations against a
panel of micro-organisms range from 0.1 to 100 µg/mL
for defensin peptides[9]. Hamanaka et al.[15], reported that
the growth rate of cultured H pylori was suppressed by 50%
on incubation with 0.3 µg/mL of HBD-2 and was
completely inhibited at 30 µg/mL of this peptide. It remains
to be determined whether β-defensins are microbicidal for
the organism in gastric milieu in vivo. However, it is tempting
to speculate that the H pylori strains that are able to establish
persistent infection may be rather insensitive to such innate
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mucosal defense machinery.
In conclusion, we demonstrated the presence of
significantly high levels of HBD-2 in gastric juice in patients
with H pylori infection. The enhanced production/release
of HBD-2 may contribute to the perpetuation of mucosal
inflammation of the corpus. Our results highlight the
importance of β-defensins, especially HBD-2, not only in
innate defense but also in adaptive immune response to the
organism.
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Abstract
AIM: To study the effect of IL-10 on the expression of
growth factors - transforming growth factor-β1 (TGF-β1),
epidermal growth factor (EGF), hepatocyte growth
factor (HGF)and platelet-derived growth factor (PDGF)
of hepatic stellate cells (HSCs) of hepatic fibrosis rat and
the anti-fibrogenic role of exogenous IL-10.
METHODS: Hepatic fibrosis was induced by CCl 4
administration intra-peritoneally. Sixty clean male SpragueDawley (SD) rats were randomly divided into three groups:
normal control group (GN, 8 rats), hepatic fibrosis model
group (GC, 28 rats) and IL-10 treated group (GI, 24 rats).
At the beginning of the 7th and 11th wk, rats in each group
were routinely perfused with pronase E and type IV collagenase through a portal vein catheter and the suspension
obtained from the liver was spun by centrifugation with
11% Nycodenz density gradient to isolate HSCs. Histological
examination was used to determine the degree of hepatic
fibrosis. RT-PCR was employed to analyze mRNA expression
from freshly isolated cells. Immunocytochemistry was
performed to detect protein expression in primary cultured
HSCs.
RESULTS: Rat hepatic fibrosis was developed with the
increase of injection frequency of CCl4, and HSCs were
successfully isolated. At the 7th and 11th wk, TGF-β1, EGF,
and HGF mRNA in GC increased obviously compared with
GN (P = 0.001/0.042, 0.001/0.001, 0.001/0.001) and GI
(P = 0.001/0.007, 0.002/0.001, 0.001/0.001). For TGF-β1,
no difference was observed between GI and GN. For EGF,
mRNA level in GI increased compared with GN during the
7th wk (P = 0.005) and 11th wk (P = 0.049). For HGF, mRNA
level in GI decreased compared with GN at the 7 th wk
(P = 0.001) and 11th wk (P = 0.021). Between these two
time points, TGF-β1 expression at the 7th wk was higher
than that of the 11th wk (P = 0.049), but for EGF, the
former was lower than the latter (P = 0.022). As for PDGF
mRNA, there was no significant difference between these

groups, but difference seemed to exist in protein levels.
Results by immunocytochemistry of TGF-β1 and EGF were
paralleled with the above findings.
CONCLUSION: The expression of TGF-β1, EGF and HGF
increased in HSC of hepatic fibrosis rat and decreased
after treatment with IL-10. IL-10 plays an anti-fibrogenic
role by suppressing growth factors expression.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatic fibrosis, which represents the wound healing
response of the liver is a common sequel to diverse liver
injuries, characterized by increased deposition and altered
composition of extracellular matrix (ECM). Hepatic stellate
cells (HSCs) are the major source of ECM, and believed to be
the crucial cell type in the development of hepatic fibrosis[1,2]
and growth factors were considered to exert their effects
through autocrine or paracrine on HSCs during the process[3].
It has been reported that interleukin-10 (IL-10) could relieve
the degree of rat hepatic fibrosis induced by carbon
tetrachloride (CCl4). In the present study, based on the
established hepatic fibrosis rat model and IL-10 treated
model, we isolated HSCs, detected the expression of TGFβ1,
EGF, HGF and PDGF of HSC, and tried to explore the
relationship between growth factors and hepatic fibrosis and
the possible mechanisms of the anti-fibrogenic activities of
exogenous IL-10 in vivo.
MA
TERIALS AND METHODS
MATERIALS
Establishment of animal models
Sixty clean male SD rats, weighing 200-300 g, were divided
randomly into three groups: normal control group (GN,
8 rats), hepatic fibrosis model group (GC, 28 rats) and
IL-10 treated group (GI, 24 rats). All rats were bred under
routine conditions (room temperature, 22±2 ; humidity,
55±5%; light, 12 h per day; drinking tap water and food
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ad libitum. Animal food was provided by BK Company in
Shanghai, China. Rats in GN were injected intra-peritoneally
with saline at a dose of 2 mL/kg twice a wk; rats in the
other two groups received intra-peritoneal injection of
500 ml/L CCl4 dissolved in castor oil 2 mL/kg twice a week
as described previously[4]. From the 3rd wk, rats in the treated
group were given intra-peritoneally IL-10 dissolved in saline
4 ug/kg, 20 min before CCl4 administration, as proposed
by Nelson et al,[5]. The intervention stated above lasted to
the end of the experiment.
Histological examination
At the beginning of the 7th and 11th wk, two rats of each
group were selected randomly for histological examination.
The liver tissues were fixed in 40 g/L formaldehyde and
embedded with paraffin. Sections were stained with hematoxylin
and eosin (HE) and examined under a light microscope.
Isolation, culture and identification of HSCs
Isolation, culture and identification of HSCs have been
described thoroughly in our previous experiments[6]. Briefly,
at the beginning of the 7th and 11th wk, five rats of each
group were selected randomly to perfuse successively with
0.13% pronase E and 0.025% type-IV collagenase through
a portal vein catheter. The liver tissue suspension was incubated
with 0.02% pronase E and 0.025% type-IV collagenase with
agitation. Then the suspension obtained from the digested
liver was spun by centrifugation with 11% Nycodenz density
gradient to purify HSCs. Thereafter, HSCs were seeded at
approximately 1×106 cells/mL of Dulbecco’s modified eagle
medium (DMEM) with 20% fetal calf serum in 96-well plates.
Then HSCs were kept in culture at 37
in a 50 mL/L
CO2 atmosphere for 72 h. They were identified by their
typical phase-contrast microscopic appearance and by
immunocytochemistry using antibody directed against
desmin. Cell vitality was checked by trypan blue exclusion.
RNA extraction and RT-PCR
Total RNA was extracted from freshly isolated HSCs,
according to the RNA isolation kit instructions (Jingmei
Biotechnology Company of Shenzhen). Its quantity and
purity were assessed by measuring the optical density at
260 and 280 nm. After measurement of RNA amount,
samples were either used immediately for reverse transcription
(RT) or stored at -70 .
For RT, 1 µg total RNA was reversely transcribed following
the instructions of first strand cDNA synthesis kit (Jingmei
Biotechnology Company of Shenzhen). Reaction mixtures of
20 µL were transcribed using the following program: at 42
for 60 min, 99
for 5 min, and stored at -20 .
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For PCR, primers coding for the house-keeping gene
β-actin was added to the reaction mixture spontaneously to
standardize the results. Reactive systems contained cDNA
2 µL, 10×buffer 5 µL, 25 mmol/L MgCl2 5 µL, 10 mmol/L
d NTP 1 µL, 20 mmol/L target gene sense and anti-sense
primers 1 µL, 20 mmol/L β-actin primer pairs 1 µL, Taq
DNA polymerase 3 U, with a total volume of 50 µL by
adding aqua. Then PCR was performed with cycle parameters
(TGF-β1) or 58
(EGF)
of 45 s at 94 , 30 s at 55
(HGF) or 62
(PDGF) and 60 s at 72
after
or 66
pre-denaturation for 5 min at 94 °C; final elongation time
was 7 min at 72 . The number of corresponding cycles
for TGF-β1, EGF, HGF and PDGF were 30, 32, 34 and
34, respectively. Primers were designed with reference to
GenBank (Table 1). PCR products were immediately
analyzed by 2% agarose gel electrophoresis and the density
of resultant bands was semi-quantified by scanning
densitometry with the ratio of TGF-β1/β-actin2, EGF/βactin1, HGF/β-actin1 and PDGF/β-actin2.
Immunocytochemistry
Most of HSCs were attached to the dishes after 72 h of
primary culture. Then the 96-well plates were washed twice
with 0.1 mol/L PBS and fixed with poly-formaldehyde at
overnight. The following procedures were performed
4
according to the instructions of streptavidin-peroxidase (S-P)
kit (Beijing Zhongshan Company). Briefly, cells were washed
with PBS, incubated with bovine serum albumin in PBS,
reacted with primary antibody dissolved in PBS, washed,
incubated with peroxidase-conjugated second antibody,
washed, and reacted for 20 min with S-P. Color reaction was
developed by incubation with DAB. For negative controls, the
primary antibody was replaced by PBS. Table 2 summarizes
the characteristics of the antibodies used in this study.
Statistical analysis
All data were expressed as mean±SE. The significance for
the difference between the groups was analyzed with
SPSS10. 0 by one-way ANOVA.

RESUL
TS
RESULTS
Histological examination
Hepatic fibrosis, as shown histologically, became remarkable
with the treatment of CCl4. During the 7th wk, specimens
from GC showed steatosis and ballooning degeneration, the
collagen fibers increased and began to extend to the
parenchyma, a great number of mononuclear cells and
unusual neutrophils surrounded the centrilobular veins and
fibrotic septa (Figure 1A), while only a few inflammatory

Table 1 Primer sequences used in this study
mRNA

Sense primers

Antisense primers

TGF-β1
EGF
GAG
HGF
PDGF
β-actin1
β-actin2

CTC TGC AGG CGC AGC TCT G
GAC AAC TCC CCT AAG GCT TA

GGA CTC TCC ACC TGC AAG AC
CATGCA CAC GCC ACC ATT
GCA GTA CCC ATC GTA CGA
GTG ATT CAG CCC CAT CCG G
GTC TCA CAC TTG CAT GCC AG
GAG CTA TGA GCT GCC TGA
CAG GAG GAG CAA TGA TCT TG

TCT TGA CCC TGA CAC CCC
GAT CCG CTC CTT TGA TGA TC
AGC ACT TGC GGT CCA CGA
CCA ACC GTG AAA AGA TGA CC

Product length (bp)
392
567
269
435
410
660
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Figure 1 Effect of IL-10 on liver histology of hepatic fibrosis rats. A: Rat liver in
group C at the 7th wk (HE×100); B: Rat liver in group I at the 7th wk (HE×100); C:

Rat liver in group C at the 11th wk (HE×100); D: Rat liver in group I at the 11th wk
(HE×100); E: Rat liver in group N (HE×100).

Table 2 Antibodies used for immunocytochemistry
Antibody

Type

Source

Working solution

Desmin

Polyclonal, mouse

Beijing Zhongshan Co.

1:100

TGF-β1
EGF

Polyclonal, rabbit
Polyclonal, rabbit

BOSTER Co.
BOSTER Co.

1:20
1:50

PDGF
Antibody to rabbit IgG

Polyclonal, rabbit
Goat

Beijing Zhongshan Co.
Beijing Zhongshan Co.

1:20
Ready to use

Antibody to mouse IgG

Goat

Beijing Zhongshan Co.

Ready to use

cells infiltrated around centrilobular veins without evident
changes of lobular structure in GI (Figure 1B). At the 11th
wk, the reticular fibers extended into hepatic plate and full
delimitation was developed in GC (Figure 1C), while less
fibrous and inflammatory infiltrates were seen in GI
(Figure 1D). Specimens from GN showed normal lobular
structure (Figure 1E). Due to the limit of samples, no
statistical data could be obtained to present disparity between
the two groups, but it still illustrated the trend that fibrogenesis
of GI was much less severe than that of GC.
Isolation and identification of HSCs
Totally 2-4.5×107 cells per rat were harvested by the present

method. HSCs were identified by immunoreaction for
desmin (Figure 2), the mean purity of freshly isolated HSCs
was (95±5)%. Cell vitality checked by trypan blue exclusion
was higher than 95%.
Expression of mRNA
RNA purity was determined by the ratio of A260-A280, which
ranged from 1.8 to 2.0. At the 7th and 11th wk, TGF-β1,
EGF, and HGF mRNA in GC increased obviously
compared with GN and GI (P<0.01). For TGF-β1, no
difference was seen between GI and GN. For EGF, mRNA
level in GI increased compared with GN at the 7th wk (P
<0.01) and 11th wk (P<0.05). For HGF, mRNA level in GI
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Figure 2 Desmin expression of HSCs from primary culture for 5 d by
immunochemistry (SP×100).

decreased compared with GN at the 7 th wk (P<0.01)
and 11 th wk (P<0.05). Between these two time points, TGFβ1 expression at the 7th wk was higher than that of the 11th
wk; but for EGF, the former was lower than the latter. As
for PDGF mRNA, there was no significant difference
between these groups (Tables 3-5, Figure 3 A-C).

Table 3 Expression of TGF-β1 mRNA in HSCs (mean±SE)
Wk

n

th

7 wk
11th wk

Group N

5
5

0.143±0.009
0.141±0.004

Group C

Group I
b

0.140±0.008d
0.123±0.009d

0.267±0.025
0.207±0.029a, b

a

P<0.05 vs 7th wk; bP<0.01 vs group N; dP<0.01 vs group C.

Table 4 Expression of EGF mRNA in HSCs (mean±SE)
Wk

n

Group N

Group C

Group I

7th wk
11th wk

5
5

0.181±0.012
0.179±0.004

0.425±0.013b
0.514±0.008a,b

0.293±0.024b,d
0.258±0.021c,d

a

P<0.05 vs 7th wk; bP<0.01 vs group N; cP<0.05 vs group N; dP<0.01 vs group C.

Table 5 Expression of HGF mRNA in HSCs (mean±SE)
Wk

n

th

7
11 th

Group N

5
5

0.364±0.015
0.383±0.004

Group C

Group I
b

0.636±0.009
0.622±0.022b

0.210±0.010b,d
0.265±0.028a,d

a

P<0.05 vs group N; bP<0.01 vs group N; dP<0.01 vs group C.

A

1

B

2 3 4 5 6 M

Protein expression and immunophenotyping of cells
TGF-β1, EGF and PDGF positive expressions were
localized in cytoplasm and nuclei of HSCs in all groups by
immunocytochemistry after primary culture for 72 h. By
then, most of the cells were attached and spread over the
plastic sub-stratum. At the 7th wk, the size of HSCs in GC
and GI was slightly larger than GN, as well as the number
and length of pseudopodium. At the 11th wk, cell phenotype
in GI was in the form of a circle or an ellipse and slightly
smaller than the 7th wk, no obvious change of phenotype
was seen in GC compared to the 7th wk. Despite the small
number of samples and lack of statistical data, we could
still find the tendency that the expression of TGF-β1, EGF
and PDGF in GC was higher than that of GN and decreased
after treatment with IL-10 (Figure 4A-F).

DISCUSSION
Although significant progress has been made in understanding
the pathogenesis of hepatic fibrosis, a rational therapy that
prevents the progression or even reverses established fibrosis
remains elusive[7-9]. IL-10 is produced mainly by TH2 cells
and inhibits functions of TH1 cells. It downregulates procytokine synthesis and is associated with amelioration of
the inflammatory response[10-12] and fibrosis. The present
study also found the trend of IL-10 relieving the degree of
inflammation. Then, except for anti-inflammation, is there
any other mechanism to fulfill its anti-fibrotic role? In this
experiment, we detected the mRNA level of TGF-β1, EGF,
HGF and PDGF of HSCs of rat in hepatic fibrosis group
and IL-10 treated group at the 7th and 11th wk.
TGF-β1 is the most important growth factor involved
in the fibrotic and cirrhotic liver. It is known to promote
the development of liver fibrosis by inducing synthesis of
ECM proteins and downregulating the expression of matrix
degrading enzymes and stimulating the synthesis of their
respective inhibitors[13-16]. The present study showed that
with the development of hepatic fibrosis, TGF-β1 mRNA
increased in GC compared to GN, and decreased after
treatment with IL-10. Specifically, TGF-β1 mRNA level
did not parallel with the progression of hepatic fibrosis.
These illustrated further that TGF-β1 correlated closely with
hepatic fibrosis, and it could not be regarded as a predictable
factor of the degree of hepatic fibrosis and HSCs’ capacity
of producing TGF-β1 declined when fibrosis developed to

C

1 2 3 M4 5 6

1 2 3 M 4 5 6
bp

bp
bp

410
567

660

269

410
392

Figure 3 RT-PCR analysis of growth factor gene expression of HSC before
and after intervention. A: Electrophoretogram of PCR for TGF-β1 gene of
HSCs. 1-3: groups N, C, I of 11th wk; 4-6: groups N, C, I of 7 th wk; M: DNA
ladder of 100 bp; B: Electrophoretogram of PCR for EGF gene of HSCs. 1-3:

groups N, C, I of 11th wk; 4-6: groups N, C, I of 7th wk; M: DNA ladder of 100 bp;
C: Electrophoretogram of PCR for HGF gene of HSCs. 1-3 groups N, C, I of 11th
wk; 4-6: groups N, C, I of 7th wk; M: DNA ladder of 100 bp.
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Figure 4 Expression of growth factor protein of HSCs in different groups.
A: Expression of PDGF protein of HSCs in group C at the 7 th wk (SP×100);
B: Expression of PDGF protein of HSCs in group I at the 7 th wk (SP×100);
C: Expression of TGF-β1 protein of HSCs in group C at the 7th wk (SP×100);

D: Expression of TGF-β1 protein of HSCs in group I at the 7 th wk (SP×100);
E: Expression of EGF protein of HSCs in group C at the 11 th wk (SP×100);
F: Expression of EGF protein of HSCs in group I at the 11th wk (SP×100).

a certain extent and that IL-10 exerted its anti-fibrotic
activities by attenuating the expression of TGF-β1 of HSCs.
EGF is a potent mitogen for many cells. EGF upregulation is a characteristic feature of fibrotic liver disease[17].
Apart from stimulating hepatocyte and bile duct epithelial
proliferation, EGF also has a chemotactic mitogen effect on
HSCs[18]. A recent study demonstrated that direct stimulation
with TGF-β1 and EGF results in an increased migratory
response of activated HSCs[19]. In the present study, EGF
level increased with the presence of hepatic fibrosis or
cirrhosis and dropped after intervention with IL-10. It showed
that IL-10 inhibited HSCs from proliferating and migrating
by reducing autocrine secretion of EGF, thus it limited the
spread of disease, and retarded the progression of hepatic
fibrosis.
HGF is secreted as a precursor polypeptide that requires
proteolytic cleavage to a disulfide-linked heterodimer and
binds to a specific receptor known as c-Met[20] for biological
activity. Physiologically, HGF has potent hepatotrophic and
cytoprotective functions[21]. Reports have shown treatment
with HGF suppressed the increase of TGF-beta1, reduced

mRNA levels of procollagen, inhibited fibrogenesis and cell
apoptosis, and produced complete resolution of fibrosis in
the cirrhotic liver, thereby improving the survival rate of
rats with this severe illness[22-26]. In the present experiment,
HGF mRNA level of HSCs increased in hepatic fibrosis
rats which might reflect intra-hepatic inflammation or the
compensation of steatosis of hepatocytes. After intervention
with IL-10, HGF mRNA level dropped. So we postulated
that IL-10 probably suppressed some cytokines that
positively regulated HGF expression by anti-inflammation
or immunoreaction or that it indicated normal liver function,
or a manifestation of decreased degree of steatosis and
degeneration.
PDGF has been identified as the most potent-polypeptide growth factor able to stimulate the proliferation of
HSCs[27-29], which play a critical role in the development of
hepatic fibrosis. Although no statistical data were obtained
to prove any difference of PDGF mRNA in these groups,
which probably resulted from the difference in experimental
animals, drugs, reagents and methods, PDGF protein level
seemed to show the disparity that it increased in GC and
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decreased in GI compared to GN.
Our experiment showed IL-10 exerted anti-fibrotic effect
not only by anti-inflammatory reaction but by suppressing
the expression of growth factors. Whether IL-10 plays an
adverse role in liver regeneration by downregulating the
expression of HGFmRNA awaits further studies. Based
on the biological effect model of HGF, it is necessary to
elucidate its activities at protein and receptor levels, which
should provide a promising prospect for the therapy of
hepatic fibrosis.
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Abstract
AIM: Recent laboratory and epidemiological studies
suggest that vitamin D is a potential agent for colorectal
cancer prevention. Its function is partially mediated by
the vitamin D receptor (VDR). The aim of this study was
to investigate whether a novel G (allele ‘U’)>A (allele ‘u’)
polymorphism (Tru9I) in the VDR intron 8 region is associated
with risk for colorectal adenoma in a colonoscopy-based
case-control study.
METHODS: Genotyping for a total of 391 subjects was
carried out through PCR and restriction fragment length
polymorphism.
RESULTS: The frequencies of ‘U’ and ‘u’ alleles were
89.3% and 10.7%, respectively. The ‘Uu’ and ‘uu’ genotypes
were associated with decreased risk for adenoma (OR,
0.71; 95%CI, 0.40-1.25). The inverse association was
more pronounced for multiple adenomas and adenomas
that were larger had moderate or greater dysplasia, or
were sessile: the odds ratios (ORs) were, 0.51 (95%CI,
0.21-1.24), 0.37 (95%CI, 0.11-1.28), 0.68 (95%CI, 0.331.41), and 0.36 (95%CI, 0.13-0.97) respectively. In joint/
combined analyses, inverse associations were more obvious
among those who had at least one ‘u’ allele and also
were younger (OR, 0.60; 95%CI, 0.26-1.37), women (OR,
0.38; 95%CI, 0.17-0.88), did not smoke (OR, 0.39; 95%CI,
0.13-1.23), or took NSAID (OR, 0.38; 95%CI, 0.12-1.25),
but no evidence existed for interactions with calcium or
vitamin D intake.

CONCLUSION: Our findings suggest that the VDR Tru9I
polymorphism may be associated with lower risk for
colorectal adenoma, particularly in interaction with various
risk factors, but not with calcium or vitamin D.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common cancers
in the USA, with an annual incidence of 146 940 cases and
56 730 deaths[1]. It has been reported that in USA, CRC
morbidity is greater in northern latitudes, which may in part
be due to lower sun exposure[2]. Several epidemiological
studies support the hypothesis that dermal vitamin D
synthesis mediated by sunlight may protect against colorectal
cancer; several found decreased risk for this disease with
higher serum levels of vitamin D or with increasing dietary
vitamin D intake [3-5]. The vitamin D receptor (VDR), a
member of the steroid/thyroid receptor family, mediates
genomic actions of the active metabolite of vitamin D [1,
25(OH)2D3], and thus regulates cellular proliferation and
differentiation[6-8] and induces apoptosis[9]. Recent studies
show that VDR functions as a sensor of the colorectal
carcinogen, lithocholic acid (LCA), inducing in vivo expression
of the CYP3A family that detoxifies LCA in the liver and
intestine[10]. Based on such findings, there has been increased
interest in an interaction between vitamin D and the VDR
gene and risk for colorectal cancer. Although contradictory
results have been reported[11-13], evidence suggests that at
least some VDR gene polymorphisms are related to the
risk of CRC or adenoma[14-17].
Recently, a novel G>A polymorphism in the 3’-UTR
region of the VDR gene was identified and designated as
VDR Tru9I[18]. It is thought that the polymorphisms in this
region of the VDR gene may affect its mRNA stability,
possibly through linkage to other variants[19]. So far, no
previous study has been reported on investigating the
function of this polymorphism. In a epidemiological
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study, Gyorffy et al. [20], found that the presence of the
variant ‘u’ allele, combined with VDR ApaI ‘a’ and BsmI ‘b’
alleles, is associated with increased risk for type I diabetes
mellitus in girls. To our knowledge, there has been no
previously published study on a potential association
between the VDR Tru9I polymorphism and colorectal
adenoma risk. Previously, we found that different genetic
polymorphisms might affect risk for colorectal adenoma:
the cyclinD1 A/G polymorphism was associated with
increased risk [21], and the p53-inducible ribonucleotide
reductase small subunit 2 (p53R2) ‘AA’ genotype was
strongly associated with increased risk in those with lower
dietary nutrients including vitamins and calcium intakes
(paper submitted). Herein, we report data from this same
North Carolina case-control study on the association of
the VDR Tru9I polymorphism and colorectal adenoma
risk, alone and in interaction with various environmental
risk factors for colorectal neoplasms.

MA
TERIALS AND METHODS
MATERIALS
Study design
From 1994 to 1997, the markers of adenomatous polyps
(MAP) case-control study were conducted to assess the
validity of colonic epithelial cell proliferation as a biomarker
of risk for incident sporadic colorectal adenomatous polyps.
Prior to beginning the study, MAP was approved by the
Institutional Review Board of Wake Forest University,
Bowman Gray School of Medicine in accordance with an
assurance filed with and approved by the Department of
Health and Human Services. Informed consent was obtained
from each participant. Eligibility criteria for study subjects
consisted of English speaking adults from 30 to 74 years
of age, either sex or any race who were scheduled for elective
outpatient colonoscopy by four large gastro-enterology
practices in Winston-Salem and Charlotte, North Carolina.
Patients were recruited for over 24 mo. Cases were identified
as eligible colonoscopy patients who were determined to
have study index pathologist-confirmed incident adenomatous
polyps according to criteria adapted from the National Polyp
Study[22]. Controls consisted of all eligible colonoscopy
patients with no previous history of adenomatous polyps
and who were found to be free of adenomatous polyps.
Persons with familial polyposis, Gardner’s syndrome,
ulcerative colitis, Crohn’s Disease, bowel resection, newly
diagnosed recurrent adenomatous polyps, and incident colon
cancer were excluded, as they were patients with past or
prevalent cancer other than non-melanoma skin cancer.
Patients completed mailed questionnaires prior to their
colonoscopies (to avoid bias) regarding family history of
polyps or colon cancer, medical history, dietary information
(via a semi-quantitative Willett 153-item Food Frequency
Questionnaire), physical activity (via a modified Paffenbarger
questionnaire), reproductive variables, body fat distribution,
and their reasons for and the sequence of events leading to
for
colonoscopy. Blood was drawn and stored at -70
possible later measurement of various genotypes.
Preparation for colonoscopy included a 12 h fast and
bowel cleansing with polyethylene glycol (GoLYTELY).
Subjects willing to undergo biopsies had four quadrant
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biopsies taken from normal appearing mucosa in the rectum
(10 cm above the anus), sigmoid colon, and cecum for a
total of 16 biopsies. Information recorded included number
of polyps, polyp size, polyp type (adenoma, hyperplastic, or
mixed), adenoma subtype (tubular, villous, tubulo-villous),
and the degree of dysplasia.
Subjects
Among all four clinical sites, 2 246 colonoscopy patients
were identified. Of these, 669 were eligible on initial
screening (eligibility rate 29.8%), and of these 633 were
willing to discuss the study, 617 of these were contacted,
and 417 of these signed consent and had study colonoscopies
(consent rate 63.1%). Of the 417 participants, 259 had
some type of polyp, and of these 179 had adenomatous
polyps. Nine of the 417 patients were subsequently
determined ineligible for the study, and an additional eight
patients had incident colon cancer and were not eligible for
the primary case-control analyses; thus, 400 possible patients
were available for genotypic analysis. Of these 400 patients,
viable DNA was isolated from 391 (171 cases and 220
controls) for genotyping.
Genotyping
Genomic DNA was obtained from stored WBCs digested
in 500 µL of lysis buffer (50 mmol/L Tris-HCl, pH 8.5,
1 mmol/L EDTA, 0.2% SDS, 200 g/mL proteinase K)
with shaking. The digestion was
over night at 55
precipitated directly with isopropanol and the pellets were
washed with 70% ethanol. The genomic DNA pellets
(50-100 µg) were dissolved in 300-800 µL of TE buffer, of
which about 1 µL was used for each PCR reaction. DNA
was amplified following the primers designed for the exon
8 region of the VDR gene following the published DNA
sequence (GenBank number: AY342401). An isoschizomer
of Tru9I, MseI, was used in this study. The PCR (50 µL
volume) was carried out in 20 mmol/L Tris-HCl, pH 8.4,
50 mmol/L KCl, 1.5 mmol/L MgCl2, 0.2 mmol/L dNTP,
0.5 mmol/L of each primer (5’-GCA GGG TAC AAA
ACT TTG GAG -3’ as forward and a 5’-CCT CAT CAC
CGA CAT CAT GTC -3’ as reverse), 80-120 ng of DNA
template, and 2.5 units Taq polymerase (Gibco-Invitrogen).
The solution was heated to 94 for 2 min, followed by 35
cycles of 30 s at 94 , 30 s at 69 , and 30 s at 72 .
The final reaction was extended 7 min at 72 . The PCR
products (5 µL) were loaded onto a 3% 2:1 NuSieve-SeaKem
gel for confirmation. The PCR products (10 µL) were then
overnight.
subjected to MseI restriction enzyme at 37
Bands for the wild-type (‘UU’) allele were not cut (177 bp);
the ‘uu’ genotype was showed at 91 and 86 bp; and the
heterozygote (‘Uu’) allele was cut into 177-, 91-, and 86-bp
fragments.
Statistical analysis
Allelic frequencies for polymorphic VDR Tru9I G>A alleles
were compared to those in previous study populations. VDR
Tru9I G>A genotype (UU, Uu, uu) distributions for cases
and controls were tested for adherence to the HardyWeinberg equilibrium.
All statistical inquiries were conducted using R language
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version 1.9.0 from http://www.R-project.org. Descriptive
comparisons (i.e., mean±SD, frequencies as percents) of
cases and controls were conducted utilizing χ2 tests for
categorical variables, and t test for continuous variables.
Multiple logistic regressions were utilized to calculate
odds ratios (ORs) and corresponding 95%CI, adjusted for
potential concluding factors, to estimate the strength of an
association between VDR Tru9I genotype and risk for
incident sporadic colorectal adenomas. The effect of VDR
Tru9I genotype was analyzed utilizing a priori hypothesized
low risk, common ‘UU’ genotype as the referent group. A
‘P’ test for trend was calculated across genotypes to detect
a pattern of association.
Several risk factors were scrutinized as possible confounders or effect modifiers of the VDR Tru9I genotypecolorectal adenoma association. Among these were age, sex,
race, body mass index, family history of colon cancer
(FHCC), smoking, alcohol consumption, non-steroidal
anti-inflammatory drug (NSAID) use, and total dietary
intake of calcium and vitamin D. Criteria for inclusion of
any covariate in the final model included: (1) biological
plausibility; (2) whether it fits the model at P 0.1; and (3)
whether it altered the OR for the primary exposure variable
by 10% or more. Final models for genotype main effects
included age, sex, smoking status, drinking status, and FHCC.
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Models involving in the assessment of possible interactions
between genotypes and various anti- and pro-proliferative
and other key risk factors included age, sex, FHCC, NSAIDs,
smoking status, and total intake of calcium and alcohol.
To examine potential gene-environment interactions of
VDR Tru9I genotype and certain risk factors, stratified
analyses were conducted. Continuous variables were
dichotomized on median values for controls; furthermore,
continuous dietary variables were categorized as sex-specific.
Criteria for assessing effect modifiers were based on
previous literature, biological plausibility, and whether or
not risk estimates differed substantially across strata.

RESUL
TS
RESULTS
Adenoma cases were similar to the controls in respect to
race, education status, and most dietary intakes (Table 1).
However, cases were more likely to be a little older, male,
and current drinkers or smokers. Controls were more likely
to have histories of colon cancer in first-degree relatives.
There were significant differences in NSAID use and
dietary calcium intake between cases and controls. The
polymorphism distribution in present population was in
Hardy-Weinberg equilibrium (χ2 = 3.41, P = 0.07).
Table 2 presents the associations between VDR Tru9I

Table 1 Selected characteristics of cases and controls, MAP study, 1994-19971

Demographic factors
Age (yr)2
Male (%)
White (%)
College education (%)
Major risk factors
Family history of colon cancer (%)
Currently smoke cigarettes (%)
Currently drink alcohol (%)
NSAID3 use (%)
Dietary intakes
Total energy (kcal/d)
Total fat (g/d)
Total meat (serve/wk)
Total fruits and vegetables (serve/wk)
Total calcium (mg/d)
Total vitamin D (IU/d)
Total folate (mg/d)
Total alcohol (g/d)

P1

Cases (n = 171)

Controls (n = 220)

58.4 (8.4)
60
89
19

55.8 (10.2)
36
89
23

0.006
<0.001
0.98
0.38

14
30
75
19

31
20
55
30

<0.001
0.02
<0.001
0.007

2 010 (30)
71.3 (39.9)
4.4 (1.4)
6.1 (3.6)
736 (406.6)
315 (258.2)
416.7 (241.6)
7.4 (15.1)

2 169 (1 999)
72.6 (65.9)
4.5 (1.4)
7.4 (10.2)
871 (757)
359 (374)
467 (402)
4.8 (20.8)

0.27
0.80
0.57
0.09
0.02
0.16
0.12
0.14

1

Adjusted for age, sex, total energy intake, history of colon cancer in a first degree relative, nonsteroidal anti-inflammatory drug use, current smoking status, and total
calcium and alcohol intakes; 2mean±SD presented unless otherwise indicated, except for age, all other means are age adjusted; 3non-steroidal anti-inflammatory drug.

Table 2 Frequencies of VDR Tru9I genotypes and associations with incident sporadic colorectal adenomas (MAP study), 1994-1997
Cases (n = 171)

Controls (n = 220)

VDR Tru9I genotype
UU
Uu
uu
Uu+uu
P-trend

n

%

n

%

144
23
4
27

84.2
13.5
2.3
15.8

171
45
4
49

77.8
20.4
1.8
22.2

Adjusted OR1

95%CI2

1.00
0.88
0.69
0.71

(0.17-4.55)3
(0.38-1.25)
(0.40-1.25)

0.24

1
Odds ratio; 295% confidence interval; 3adjusted for age, sex, total energy intake, history of colon cancer in a first degree relative, nonsteroidal anti-inflammatory drug
use, current smoking status, and total calcium and alcohol intake.
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genotypes and colorectal adenoma risk. The frequencies
of VDR Tru9I ‘UU’, ‘Uu’, and ‘uu’ genotypes were 84.2%,
13.5%, and 2.3% in cases, and 77.8%, 20.3%, and 1.9% in
controls, respectively. There were equivalent allele
distributions for cases (‘U’ = 90.9%, ‘u’ = 9.1%) and controls
(‘U’ = 88%, ‘u’ = 12%). A 29% decreased multivariableadjusted OR (0.71; 95%CI, 0.40-1.25) was observed in ‘Uu’
and ‘uu’ carriers, compared to ‘UU’ carriers.
We investigated the association of the polymorphism
with colorectal adenoma risk according to characteristics
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of adenomatous polyps (Table 3). The inverse association
of having at least one ‘u’ allele with risk for colorectal
adenoma was more pronounced for adenoma that were
multiple (OR, 0.51; 95%CI, 0.21-1.24), larger (OR, 0.37;
95%CI, 0.11-1.28), sessile (OR, 0.36; 95%CI, 0.13-0.97),
and perhaps for adenomas with higher levels of dysplasia
(OR, 0.68; 95%CI, 0.33-1.41).
Potential interactions of VDR Tru9I polymorphism and
other risk factors for colorectal neoplasms and risk for
adenomas are shown in Table 4. Compared to the ‘UU’

Table 3 Age-, sex-adjusted associations of VDR Tru9I genotypes and risk for incident sporadic colorectal adenomas according to adenoma
characteristics, MAP Study, 1994-1997
Tru9I genotypes
UU

Uu+uu

Adenoma characteristics
Multiplicity
1
>1
Shape
Sessile
Pedunculated
Size (cm)3
<1.0
1.0
Dysplasia4
Mild
Moderate
Morphology5
Tubular
Any villous

1

2

Cases/controls (n)

OR /95%CI

Cases/controls (n)

OR/95%CI

85/171
59/171

1.00
1.00

20/49
7/49

0.88 (0.48-1.60)
0.51 (0.21-1.24)

51/171
97/171

1.00
1.00

5/49
22/49

0.36 (0.13-0.97)
0.93 (0.51-1.68)

111/171
33/171

1.00
1.00

24/49
3/49

0.84 (0.47-1.49)
0.37 (0.11-1.28)

73/171
71/171

1.00
1.00

15/49
12/49

0.79 (0.41-1.53)
0.68 (0.33-1.41)

131/171
13/171

1.00
1.00

27/49
0/49

0.80 (0.46-1.38)
NA6

1

Odds ratio; 295% confidence interval; 3greatest diameter of largest adenoma; 4dysplasia in adenoma with greatest degree of dysplasia; 5if multiple adenomas, classified
as “Any villous” if any adenoma villous or tubulovillous; 6not available.

Table 4 Multivariate-adjusted1 joint and combined associations of VDR Tru9I genotypes and various risk factors for colorectal neoplasms and
risk for incident sporadic colorectal adenomas, MAP study, 1994-1997
UU
Cases (n)
Age (yr)
57
>57
Sex
Male
Female
Current smoker
No
Yes
Current drinker
No
Yes
NSAID4 use
No
Yes
Total calcium intake5
Lower
Higher
Total vitamin D intake6
Lower
Higher
1

Controls (n)

Uu+uu
OR2/95%CI3

Cases (n)

Controls (n)

OR/95%CI

58

83

1.00

12

31

0.60 (0.26-1.37)

86

89

1.41 (0.86-2.31)

15

18

1.09 (0.46-2.56)

85
59

60
112

1.00
0.51 (0.30-0.85)

15
12

16
33

0.65 (0.28-1.53)
0.38 (0.17-0.88)

35

77

1.00

6

25

0.39 (0.13-1.23)

105

94

1.84 (1.07-3.17)

20

24

1.56 (0.69-3.53)

63
77

99
71

1.00
1.65 (1.01-2.69)

13
12

26
22

0.96 (0.44-2.08)
0.90 (0.39-2.06)

118

117

1.00

21

38

0.64 (0.34-1.23)

23

54

0.48 (0.26-0.86)

5

11

0.38 (0.12-1.25)

92
49

84
86

1.00
0.53 (0.32-0.87)

13
14

23
26

0.53 (0.23-1.20)
0.52 (0.23-1.14)

76

83

1.00

14

25

0.59 (0.26-1.33)

65

87

0.78 (0.48-1.27)

13

24

0.60 (0.27-1.38)

Adjusted for age, sex, total energy intake, history of colon cancer in a first degree relative, nonsteroidal anti-inflammatory drug use, current smoking status, and total
calcium and alcohol intakes; 2odds ratio; 395% confidence interval; 4nonsteroidal anti-inflammatory drug; 5sex-specific median calcium intakes for males 701.3 mg/d,
for females 754.1 mg/d; 6sex-specific median vitamin D intakes for males 257.2 IU/d, for females 229.7 IU/d.
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genotype carriers, having a ‘u’ allele was inversely associated
with risk for colorectal adenoma among those who were
younger (OR, 0.60; 95%CI, 0.26-1.37), women (OR, 0.38;
95%CI, 0.17-0.88), did not smoke (OR, 0.39; 95%CI,
0.13-1.23), or took NSAID (OR, 0.38; 95%CI, 0.12-1.25).
Dietary calcium and vitamin D intake were observed to be
related to decreased risk for adenoma; however, there was
no evidence suggesting an interaction with the VDR Tru9I
polymorphism.

DISCUSSION
VDR polymorphisms have been evaluated as risk factors
for CRC or adenoma; however, their impact remains unclear.
In the present study, we assessed, for the first time, VDR
Tru9I variants as risk factor for colorectal adenoma. Our
data suggest that the Tru9I mutant ‘u’ allele was associated
with decreased risk for colorectal adenoma, particularly for
adenomas that were larger, multiple, had moderate or greater
dysplasia, or were sessile. Also, the ‘u’ allele was related to
decreased risk for adenoma, particularly among persons
who were younger, female, NSAID users or did not smoke.
Vitamin D is obtained from the diet or sunlight-induced
synthesis, and hydroxylated first in the liver [forming 25(OH)D], then subsequently in the kidney [forming 1,25(OH) 2D]. The hypothesis that vitamin D may provide
reduced colorectal adenoma risk was first proposed in the
early 1980s in light of an inverse ecologic association between
CRC morbidity and solar exposure[23]. In vivo and in vitro
studies found that vitamin D3 promotes differentiation of
colon carcinoma cells by inducing E-cadherin and inhibiting
β-catenin signaling[7]. Experimental data also suggest that
the active metabolite of vitamin D and its analogs can induce
apoptosis in a colorectal adenoma cell line[9]. Vitamin D
interacts with the VDR, which upregulates CYP3A expression,
which in turn increases detoxification of secondary bile acids,
including LCA [10]. Recent epidemiological studies have
suggested inverse associations among calcium, vitamin D
and CRC or adenoma risk; but results are mixed. In the
present study, higher calcium and vitamin D intake were
associated with lower risk for colorectal adenomas; however,
there was no support for the hypothesis that the VDR Tru9I
polymorphism may interact with these dietary micronutrients.
VDR is thought to mediate most vitamin D effects, and
six common polymorphisms of the VDR gene have been
identified. It has been reported that the polymorphisms in
the 3’UTR-region (BsmI, TaqI, ApaI, Tru9I and Poly-A) might
alter transcriptional activity and mRNA degradation[19]; and
FokI, located at the VDR start codon, affects the length of
the N-terminal VDR transactivation domain, resulting in a
three-amino acid longer protein[24]. Several epidemiological
studies have addressed associations between VDR polymorphisms and different cancer types including colorectal
cancers[11-15,25-31]. The FokI polymorphism, which is a potential
functional variant, has been extensively studied. Under
various exposures, inconsistent results were obtained from
different investigators: Wong et al.[14], reported, that the mutant
‘f’ allele was associated with increased risk of colorectal
cancer; while another study by Ingles et al., found that the
‘f’ allele was related to decreased risk[13]; but null associations
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also have been observed[12,17]. The association of VDR BsmI
polymorphism with cancer risk has also been investigated.
Two previous studies found that the VDR BsmI ‘BB’
genotype may reduce risk for colorectal adenoma; in one,
the association was modified by NSAID use, and in the
other, the association was associated with reduced risk
among those who had lower calcium intake and used
NSAIDs[11,16]. Also, we previously reported that the VDR
BsmI variant ‘b’ allele was associated with colorectal adenoma
risk in the same study population as the current study[32].
The VDR Poly-A polymorphism has been associated with
decreased risk for colorectal adenoma, modified by NSAID
use [11]. So far, there have been no previous reports of
investigations of an association of the Tru9I polymorphism
with any cancer.
Many studies have reported that the VDR polymorphisms
are associated with susceptibility for and prognosis of different
cancers[13,33,34]. Hutchinson et al.[33], found that the VDR
‘ttff ’ genotype (according to TaqI and FokI polymorphisms)
was significantly associated with thicker malignant melanoma
tumors. It has also been reported that the FokI polymorphism
was more strongly related to large adenoma risk among
subjects with lower dietary calcium intake[13].
Some limitations in this study should be considered in
interpreting our results. First, the small sample size and
consequent low power preclude drawing strong conclusions.
Second, this study is colonoscopy-based, and the population
may not be representative of the general population. People
who worried about their positive family history were more
likely to seek colonoscopy examination, leading to a family
history bias that may have attenuated associations. Another
potential limitation is that ultraviolet radiation exposure was
not assessed in the present study; therefore, the dietary
vitamin D intake may not reflect the true exposure to vitamin
D. In light of the relationship between vitamin D and
calcium, this may also impact the estimated calcium-adenoma
association.
In conclusion, this is the first study to investigate an
association between the VDR Tru9I polymorphism and risk
for incident sporadic colorectal adenoma. Our data suggest
that the VDR Tru9I polymorphism may be more related to
progression than initiation of colorectal adenoma. Our study
also focused on the interaction between the VDR gene
polymorphism, Tru9I, and dietary calcium and vitamin D
intakes; however, no such interaction was found. On the
other hand, our data suggest possible interactions of VDR
Tru9I genotypes with age, sex, smoking, drinking, and
NSAID use. Further, larger studies are needed to verify
the present data, to understand the biological mechanisms
of VDR gene/calcium/vitamin D interactions.
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CONCLUSION: The model made with DNCB and acetic
acid was successful, and FRIP had better curative effect
and WMW was the best curative effect, BTW, SLBSS and
TXYF were similar to SASP, and we discovered that
apoptosis was possibly related to UC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To observe different histomorphologic changes of
ulcerative colitis (UC) rats that were treated with four
regulating-intestine prescriptions (FRIP), to investigate the
curative effects of FRIP and to analyze their treatment
mechanism.
METHODS: The UC rat model was made by the method
of 2,4-dinitro chloro benzene (DNCB) immunity and acetic
acid local enema. Ninety-eight SD rats were randomly
divided into seven groups, namely, the normal control
group, model group, salicylazosulfapyridine (SASP) group,
Wumeiwan (WMW) group, Baitouwengtang (BTWT) group,
Senglingbaishusan (SLBSS) group, and Tongxieyaofang
(TXYF) group. Each group had 14 rats (with equal ratio
of male and female). The six animal model groups of UC
-SASP, TXYF, WMW, BTWT, SLBSS, TXYF-were treated
by distilled water except the normal control group. Changes
of the rat’s general conditions after treatment were
respectively observed, the colon tissue damage scores
were given out, the pathology of colonic mucosa and changes
of ultrastructure were analyzed.
RESULTS: Different pathological changes on histology
were shown after treatment by FRIP. The colon tissue
damage score in model group was higher than that of FRIP
groups and SASP group (q = 4.59, 4.77, P<0.05 or q = 5.48,
6.25, 5.97, P<0.01). The scores of WMW group, BTWT
group and SLBSS group were lower than that of SASP
(q = 4.13, P<0.05 or q = 5.31, 5.12, P<0.01). There was no
remarkable difference between the damage score of TXYF
group and SASP group (q = 3.75, P>0.05). In addition, some
apoptosis cells were found in the pathologic control group.

INTRODUCTION
Ulcerative colitis (UC) is a non-specific inflammatory intestinal
disease. The pathogenesis of UC is affected by a variety of
factors, but its pathogenesis is still unknown at present[1]. A
rat model of UC was established by the methods of DNCB
immunity and acetic acid local enema. This subject is about
the treatment effect of four regulating-intestine prescriptions
(FRIP) by making rat model of UC, especially they were
observed by scoring the gross morphologic damage and
the change on the pathological section of colon tissue under
light and electron microscope by treating with traditional
Chinese medicine (TCM), and compared the different
curative effect of Wumeiwan (WMW) group, Baitouwengtang
(BTWT) group, Senglingbaishusan (SLBSS) group and
Tongxieyaofang (TXYF) group.
MA
TERIALS AND METHODS
MATERIALS
Materials
Herbs in FRIP (WMW, BTWT, SLBSS, TXYF) and their
quantity are as follows: WMW: 16 g dark plum, 6 g asarum
herb, 10 g dried ginger, 16 g Chinese goldthread, 4 g Chinese
angelica root, 6 g aconite root, 4 g pricklyash peel, 6 g cassia
twig, 6 g sun-dried ginseng, 6 g bark of cork tree; BTWT:
30 g Chinese pulsatilla root, 24 g bark of amur corktree,
10 g Chinese goldthread, 24 g ash bark; SLBSS: 10 g pulp
of lotus seed, 10 g coix seed, 10 g dried amomum fruit, 10 g
balloon flower root, 15 g bean of white hyacinth, 20 g white
Tuckahoe, 20 g sun-dried ginseng, 20 g licorice root, 20 g
big head atractylodes rhizome, 20 g Chinese yam; TXYF:
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30 g parched white atractylodes rhizome, 20 g white peony
root, 15 g dried old orange peel, 20 g ledebouriella root.
Salicylazosulfapyridine (SASP) with batch no. 200111002
is produced by Shanghai Sanwei Pharmaceutical Company
(250 mg/tablet).
TNF-α ISH detection kit, ISH special cover glass, DBA
chromogenic kit, poly-L-lysine, DEPC and 20% glycerin
were supplied by Wuhan Boster Biological Technology Co.,
Ltd.
Transmission electron microscope (Hitachi H-600),
photomicroscope (Japan), ultramicrotome (LKB-V),
magnifier and microscope, etc., were used.
Ninety-eight SD rats (male rats and female rats separately
account for 50% and a rat weighed 300±50 g) were supplied
by Test Animal Center of Tongji Medical School, Huazhong
University of Science and Technology. They were raised in
the SPF environment (constant temperature, humidity and
sterilized water, food and padding) and acclimatized to the
surrounding for 7 d before the experiments.
Methods
Animal groups Ninety-eight SD rats (male rats and female
rats separately account for 50%) were randomly divided
into seven groups as males and females, and each group
contained 14 rats (male rats and female rats separately
account for 50%), of which group 7 was normal group.
Groups 1-6 were modeled, which were respectively WMW
group, BTWT group, SLBSS group, TXYF group, SASP
group, and model group. Body weight of rats in each group
showed no significant difference on statistics (P>0.05).
Preparation of the animal model Model of UC rat was
established with 2,4-dinitro chloro benzene (DNCB)
immunity and acetic acid local enema[1-5]. After hair on the
rats’ nape was removed with Na2S of 100 g/L, 0.25 mL
acetone solution with DNCB content of 20 g/L (five drops)
was dripped on the rats’ back once a day and continuously
dripped for 14 d. On the 15th d, a φ 3-mm urinary catheter
was put into at 8 mm of a rat’s colon via its anus to fill
0.25 mL ethanol containing 0.1% DNCB. On the 16th d,
2 mL 8% acetate solution was filled in the same position.
After accurately timing for 10 s, this position was flushed
with 5 mL physiological saline. After that, they were fed for
2 wk, to continue observing the rats’ stool characters,
dietetics, hair and activity conditions, etc., every day. It could
be seen from observation that the rats gradually produced
typical symptom of UC active period. After 30 d, the
modeling was finished. After modeling was finished (after
the 30th d), two rats were randomly taken in each group and
their colons were examined after they were killed to
pathologically confirm a series of changes occurring in their
colons such as hyperemia, hydrops, inflamed cellular
infiltration, crypt abscess, fewer goblet cells, body of gland
destroyed and aphthous formed.
Means for drugs For each rat in WMW group, BTWT
group, SLBSS group, TXYF group, gastric lavage was
conducted respectively with 3 mL prepared WMW liquid
(0.515 g/mL), BTWT liquid (0.562 g/mL), SLBSS liquid
(0.987 g/mL) and TXYF liquid (0.216 g/mL) once a day.
For each rat in SASP group, gastric lavage was conducted
with 3 mL SASP suspension (0.026 g/mL) liquid once a

4801

week. For each rat in model control group and normal group,
gastric lavage was conducted with 3 mL distilled water. The
drug feeding period was 15 d.
Collection and treatment of specimens After the feeding
of drugs in all groups of rats ended, they were weighed and
killed by the mode of cutting off their heads. After that,
they were immediately dissected to take 6-8 mm colons
upward at 2 mm of the anus. The intestine cavities were
opened along the longitudinal axis of the intestinal mucosa
and cleaned thoroughly with 0.9% saline and pure water,
and assigned a code number. Then they were spread on the
wax plate with the intestinal mucosa pointing upward. After
they were fastened with the pins, occurring conditions of
inflammation and ulcer were observed with a dissecting
microscope. The colon was immediately examined under a
stereomicroscope and any visible damage was scored on a
0-5 scale (Table 1).

Table 1 Criteria for scoring the gross morphologic damage of colon
tissue[6-9]
Score

Gross morphology

0

No damage

1
2

Localized hyperemia with no ulcers
Linear ulcers with no significant inflammation

3
4

Linear ulcers with inflammation at one site
More site of ulcers and inflammation, the size of ulcers <1 cm

5

Multiple inflammation and ulcers, the size of ulcers 1 cm

After modeling was finished (30 d), two rats were
randomly selected from each group and killed by the mode
of cutting off their heads to take part of the intestine tissues,
which were immobilized with 40 g/L formaldehyde,
embedded with paraffin, pathological section was taken and
HE staining was performed. And then, colon conditions
after modeling were observed and investigated.
After ending of the above tests (45 d), a small piece of
colon tissue (3 mm) was taken from the colon of each rat.
They were immobilized with 40 g/L formaldehyde (grouped
and numbered with the penicillin bottles), embedded with
paraffin, pathological section was taken and HE staining
was performed. And then, pathological changes in each group
of colons were observed (the above work was finished with
the help of Pathology Department of Hubei Hospital of
Traditional Chinese Medicine).
A rat was randomly selected in each group and the above
procedures were executed until cleaning procedure. The
colonic mucosa with ulcer was taken immediately and cut into
1-mm bits, which was immobilized with 2.5% glutaraldehyde,
washed with 1% paraformaldehyde and immobilized after
it was put in 1% osmic acid. Then, they were dehydrated in
steps with ethanol and acetone, embedded with vegetable
wax, cut into super-thin sections and doubly stained with
uranium acetate and lead nitrate. After that, they were
observed with a transmission electron microscope (finished
with the help of Electron Microscope Department of
Medical School of Wuhan University).
Statistical analysis
The weights of rats and tissue damage scores were expressed

4802

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

as mean±SD, and analyzed with the Student’s t-test or F
test (q test).

RESUL
TS
RESULTS
Changes of symptoms and signs
The study of the rats in the model had symptoms of mucous
thin stool after about 2 wk and worsened gradually. After
about 4 wk, the symptoms were more serious and some
symptoms such as pus and blood stool, thinner, less weight,
hair having no gloss, significantly less appetite, intolerance
of cold and action and less movement occurred. After
gastric lavage was conducted with FRIP and SASP, their
symptoms were improved differently (no statistical analysis
except for weights). Weight changes are shown in Table 2.

Table 2 Effect on weights in rats of FRIP (mean±SD)
Group

Case (n)

Weights (g)

Normal control group

12

352.5±20.7b

Model group
SASP group

10
9

307.8±15.3d
321.5±18.7a,d

WMW group
BTWT group

11
10

340.3±16.8b,c
331.4±13.8b,d

SLBSS group
TXYF group

9
10

325.6±18.4a,d
328.7±10.5a,d

a

P<0.05, bP<0.01 vs model group; cP<0.05, dP<0.01 vs normal control group.

Visual observing results of colonic mucosal damage
The degree of colonic mucosal damage in rats of FRIP
was scored according to the criteria in Table 1. The colon
tissue damage score in model group was higher than that
of FRIP groups and SASP group (P<0.05 or P<0.01). The
scores of WMW group, BTWT group, and SLBSS group
was lower than that of SASP (P<0.05 or P<0.01). There
was no remarkable difference between the damage score
of TXYF group and SASP group (P>0.05). The scores
were roughly given out according to the inflammation and
injury level, observation results of which are shown in Table 3.

Table 3 Scoring the gross morphologic damage of colon tissue in
rats of FRIP (mean±SD)
Group

Case (n)

Scoring the gross
morphologic damage

Normal control group
Model group

12
10

0b
5.5±0.45

SASP group
WMW group

9
11

3.8±0.39a
1.8±0.34b,d

BTWT group
SLBSS group

10
9

2.5±0.38b,d
1.9±0.35b,c

TXYF group

10

3.7±0.47a

a

P<0.05, bP<0.01 vs model group; cP<0.05, dP<0.01 vs SASP group.

Observation results of pathological sections (HE dye)
Normal control group: The colonic mucosa of rats was in
good condition without inflammatory cell infiltration or
ulceration of mucosa; the epithelial mucosae was intact and
continuous; the bodies of gland arranged regularly with clear
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structure and active secreting function; the epithelial
mucosae, the blood vessel in the membrana propria and
fibers were normal; muscularis had no abnormal conditions.
Model group: The colonic mucosa of the rats showed
erosion and ulcers; the most of mucosa produced coloboma
and some produced deep and large erosions, mucous gland
bodies were destroyed; remaining mucosa was hyperemic
and dropsical and formed polyp-like appearance (false polyp)
due to hyperplasia; a lot of inflammatory cells (lymphocytes,
plasma cells, and macrophages) infiltrated; some cells were
scattered and were in multiplication conditions (more plasma,
large nucleus, and sparse chromatin); mucous layer became
thinner and the lamina propria beneath the mucosa showed
local hyperemia, dropsy, and fiber hyperplasia. SASP group:
The epithelial mucosae of the rat colon produced the local
defects; the bodies of gland arranged less regularly with
slight hyperemia beneath the mucosa and more inflammatory
cells infiltrated. WMW group: The epithelial mucosae of
the rat was basically sound; the bodies of gland arranged
more regularly without significant hyperemia beneath the
mucosa; a few inflammatory cells infiltrated. BTWT group:
The epithelial mucosae of the rat was basically sound; the
bodies of gland arranged more regularly without significant
hyperemia beneath the mucosa; and inflammatory cell
infiltration could be seen. SLBSS group: The epithelial
mucosae of the rat was basically sound; the bodies of gland
arranged more regularly without significant hyperemia
beneath the mucosa; and a few inflammatory cell infiltration
could be seen. TXYF group: The epithelial mucosae of the
rat was less sound; the bodies of gland arranged less regularly
with significant hyperemia beneath the mucosa; and
inflammatory cell infiltration could be seen (Figures 1A-H).
Observation results of ultrastructure
Normal control group: The microvilli on the surface of
the mucosal epithelium of the rat colon was integral with
neat arrangement, identical sizes, and regular mitochondrion
shape and showed approximate roundness and ellipse, inner
matrixes of which were of medium density; endoplasmic
reticulum and nucleus were all up to snuff; epithelia linked
tightly; space between cells was found to be wider (normal
linking); the intestine gland was composed of the goblet
cells. Model group: The microvilli on the surface of the
mucosal epithelium of the rat colon were sparse, became
shorter and irregularly curled with visible vacuoles, even
epithelium cell membrane produced defects; organelles
became fewer; cytoplasm liquefied and dissolved; inner
matrixes in the mitochondria were clear with fewer inner
cristae and significant swelling; endoplasmic reticulum
expanded; chromatic agglutination and pyknosis could be
seen; nucleoplasm proportion became less, some congregated
beneath karyolemma and showed gobbet with clear
boundaries, even apoptosis corpusculum, karyo-pyknosis,
and lymphocyte infiltration could be seen. SASP group: The
microvilli on the surface of the mucosal epithelium of the
rat colon partly dropped off and became less regular;
mitochondria shape became less regular and some were
with slight swelling with destroyed cytoarchitecture; fat
particles and endoplasmic reticulum expanding could be seen.
WMW group: The microvilli on the surface of the mucosal
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Figure 1 Pathology of colon tissue in rats. A: normal control group; B and C:
model group; D: SASP group; E: WMW group; F: BTWT group; G: SLBSS

group; H: TXYF group (HE ×200).

epithelium of the rat colon were basically intact with normal
cytoarchitecture; after observing under the electron microscope
(×12 000), it could be found that their endoplasmic reticulum
and mitochondria were clearer, and the organelles such as
mitochondria and elder with cytoryctes could be seen with
clear cytoarchitecture as well as dropping-off of the microvilli
could be seen. BTWT group: The microvilli on the surface
of the mucosal epithelium of the rat colon was basically
regular and intact; mitochondria in the cytoplasm was
abundant with regular mitochondria and showed approximate
roundness or ellipse; the matrixes were basically even. SLBSS
group: The microvilli on the surface of the mucosal epithelium

of the rat colon were less irregular and a few microvilli
dropped off; mitochondria were swelling with normal
cytoarchitecture. TXYF group: More microvilli on the
surface of the mucosal epithelium of the rat colon dropped
off or they were sparse and expanding; staining of nucleus
was a little dark; destroyed cytoarchitecture and wider
chromatin margin could be seen; cellular nucleus became
smaller (Figures 2A-G).
The results of pathological sections under electron
microscope showed that UC was related to apoptosis and
the curative effect of WMW was better than that of the
other groups and SASP groups.
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Figure 2 Ultrastructure of colon tissue in rats. A: Normal control group, A1
(×1 0000), A2 (×17 000); B: model group, B1 (×8 000), B2 (×12 000), B3
(×10 000), B4 (×10 000); C: SASP group, C1 (×5 000), C2 (×17 000); D:

WMW group, D1 (×12 000), D2 (×17 000); E: BTWT group, E1 (×17 000), E2
(×5 000); F: SLBSS group, F1 (×10 000), F2 (×200 000); G: TXYF group, G1
(×17 000), G2 (×17 000).

DISCUSSION
Normal colonic tissue consists of mucous membrane layer
(including epidermis layer, lamina propria, muscular layer
of mucous membrane), mucous membrane substrate layer,
muscular layer (inner ring and outer race), chorion layer
and so on. Pathological changes of UC affects mucous
membrane and substrate layer. The best characteristic
changes of histology included diffuse and severe inflammatory
cell infiltration in all layers of inhesion membrane, serious
and comprehensive mucous configuration abnormity, crypt
lymph in recess (namely crypt abscess), inhesion membrane
with a great number of plasma cells, lymphocyte, mononuclear
cells, neutrophils and eosinophils infiltration. Because of
inflammatory irritation, there were epithelial hyperplasia of
gland, which were shown as goblet cells and mucilage in the
body of the gland reduced but nucleus expanded and nuclear
fusion increased in various extents. Cytoplast had a liking
for alkalescence; epithelial hyperplasia of gland sometime

became false compound. Further observation showed that
the capillary vessel dilatation caused congestion and blood
vessel swelling further. In a serious case, the inflammation
could develop into the mucous membrane substrate layer,
even perforation, which broke to form the pilosity granular
light ulcer or merged into various sizes and shapes to become
irregular ulcer. Serious cases had large range of mucous
membrane peeling. More normal mucous membrane
between the ulcer turn into prowling form (there are
boundary between sick mucous membrane and normal
mucous membrane), taking on hydronics and polyp (false
polyp), so the mucous membrane took the form of particle
coarsely, the blood vessels were so fuzzy and fragile that
they were apt to bleed with purulence secretion when touched.
But there was seldom involvement of the deep layer of
intestine wall, so the incrassation and fibrosis intestine wall
were not remarkable, but few breaking out types and
poisoning type colon cases come out of a hole because of
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piercing through intestine wall.
In recent years, many studies to the change of colonic
mucus were carried out. It was suggested that it might be
the prodromal change of carcinoma of large intestine. As
we all know, UC is a pre-cancerous lesion of colon carcinoma.
The mucosa in this region also showed certain histologic
characteristics: the goblet cells in the glandular body decreased
remarkably or disappeared with appearance of simple
columnar cells, which lack mucin secretion. The lumen of
some mucosal glands became dilated, branched or irregularly
arranged. We found that the important characteristic of
UC was inflammation in this experiment and cell apoptosis
under electron microscope. We also found that the presentation
was hyperemia and edema with a great number of plasma
cells, lymphocytes, mononuclear cells, neutrophils, and
eosinophils infiltration[10-12], the characteristic that pathology
changes and ultrastructure was different in all groups was
associated with the treatment.
This model made with DNCB and acetic acid was
successful by the changes of symptoms and signs, damage
scores of the colonic mucosa and the pathology sections
and ultrastructure of colon tissue. At the same time, their
symptoms and signs and pathology differently improved
after treatment (not statistically significant, P>0.05). In this
study, we discovered that FRIP had better curative effect
on UC and WMWs was the best, BTWs and SLBSSs were
the second of best. TXYFs were worst (they were as same
as SASPs). At the same time, this implies, that we must
have BianzhengLunzhi in the treatment of UC[13]. According
to TCM, UC belongs to the category of “Xiouxili”
(diarrhea), the mucosal inflammatory lesions result from
not only deficiency and hypofunction of spleen and stomach,
but also accumulation of damp heat, the pathogenesis of
UC is similar with the prescription characteristic of WMW.
Therefore, in this study, the best curative effect was achieved
by the treatment of the WMW. The results showed that
this WMW had the function of strengthening the spleen
and reinforcing Qi and eliminating damp-heat pathogen,
promoting flow of Qi and blood, improving luminal blood
circulation, and was helpful for hemostasis and the absorption
of inflammatory products, eventually attained the goal of
the neogenesis of granulated tissue in the region of
ulceration, and the repair of mucosal epithelium. But BTW
concentrated on eliminating damp-heat pathogen, SLBSS
was good at strengthening the spleen and reinforcing Qi,
the former had the function of reducing the excess, the
latter had the function of reinforcing the deficiency, so two
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formulae of BTW and SLBSS had some therapeutic effects,
and they were the second curative effect; the prescription
characteristic of TXYF, which had the function of smoothing
the liver-Qi to normalize the stomach, was different with
the pathogenesis of UC and it had the worst curative effect.
In addition, we discovered that apoptosis was possibly
related to UC[13] and FRIP could decrease apoptosis, block
inflammation and induce remission.
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Abstract
AIM: To identify the proteins interacting with nucleostemin
(NS), thereby gaining an insight into the function of NS.
METHODS: Yeast two-hybrid assay was performed to
screen a human placenta cDNA library with the full length
of NS as a bait. X-Gal assay and β-galactosidase filter
assay were subsequently conducted to check the positive
clones and the gene was identified by DNA sequencing.
To further confirm the interaction of two proteins, the
DNA fragment coding NS and the DNA fragment isolated
from the positive clone were inserted into the mammalian
expression vector pcDNA3 and pcDNA3-myc, respectively.
Then, two plasmids were cotransfected into the COS-7 cells
by DEAE-dextron. The total protein from the cotransfected
cells was extracted and coimmunoprecipitation and Western
blot were performed with suitable antibodies sequentially.
RESULTS: Two positive clones that interacted with NS were
obtained from human placenta cDNA library. One was an
alpha isoform of human protein phosphatase 2 regulatory
subunit B (B56) (PPP2R5A) and the other was a novel
gene being highly homologous to the gene associated
with spondylo paralysis. The co-immunoprecipitation also
showed that NS specifically interacted with PPP2R5A.
CONCLUSION: NS and PPP2R5A interact in yeast and
mammalian cells, respectively, which is helpful for addressing
the function of NS in cancer development and progression.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
There is evidence that cancer originates from cancerous stem
cells[1-7]. Nucleostemin (NS) is a novel protein found in the
nucleoli of CNS stem cells, embryonic stem cells, and several
cancer cell lines, and plays a critical role in controlling the
proliferation of stem cells and some cancer cells[7]. NS contains
a N-terminal basic domain and two GTP-binding motifs.
Mutation analysis indicates that excessive NS, particularly
mutant NS that lacks the GTP-regulatory domain, prevents
cells from mitosis and causes apoptosis in a p53-dependent
manner. The N-terminal basic domain specifies nucleolus
localization, p53 interaction, and is required for cell death
caused by NS overexpression. To investigate the function of
NS in cancer development and progression, yeast two-hybrid
assay was used to screen the proteins associated with NS
from a human placenta cDNA library, and the interaction
between the alpha isoform of human protein phosphatase
2 regulatory subunit B (B56) known as PPP2R5A and NS
was identified in yeast and COS-7 cells, thus providing new
clues to the functional study of NS as well as related proteins.
MA
TERIALS AND METHODS
MATERIALS
Cell culture and reagents
Monkey Cercopithecus Aethiops COS-7 cells provided by
American Type Culture Collection (Manassas, VA, USA)
were cultured in Dulbecco’s modified Eagle’s medium
(Invitrogen Corporation, Carlsbad, CA, USA) supplemented
with 10% fetal bovine serum (Sigma Chemical Co., St. Louis,
MO, USA), and maintained in a humidified chamber with
50 mL/L CO2 at 37 .
Plasmid pGBKT7, matchmaker 3 pretransformed
human placenta cDNA library, X-Gal and all other yeast
two-hybrid components were purchased from Clontech.
Various restriction endonucleases were products of New
England Biolabs. T4 DNA ligase was purchased from
Promega. The kits for PCR and purification reagents of PCR
products were obtained from Qiagen. Antibody against NS
or c-myc tag and other regents were all kept in our laboratory.
Plasmid construction
The full length of NS cDNA was cut by BamHI and XhoI
restriction endonucleases from pCDNA3-NS, then inserted
into the downstream of the Gal4 DNA-binding domain of
the bait vector pGBKT7 (Clontech Laboratories) with T4
DNA ligase. The recombinant vector pGBKT7-NS was
sequenced and NS protein was in the reading frame.
The expression of NS fusion protein with yeast Gal4
DNA-binding domain was checked by Western blot with
antibody against NS.
To construct the eukaryotic vector expressing the protein
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of the positive clone, DNA of the positive clone was digested
by restriction endonucleases BamHI and XhoI, and the DNA
fragment was inserted into the pCDNA-myc vector.
Screening of clones interacted with NS
The experiments were carried out according to the protocols
described in the MATCHMAKER Libraries User Manual
(PT3042-1) [8-11]. Briefly, the pGBKT7-NS plasmid was
initially introduced into the AH109 yeast strains using a
modified lithium acetate protocol and the transformed clones
were selected on SD/-Trp plates. The mating between the
selected AH109 and human placenta cDNA library was
performed and co-transformed clones were selected on
SD/-Leu-Trp-His plates and SD/-Leu-Trp-His-Ade pulsing
3AT (DO) plates with X-Gal to detect the transcription of
reporter genes (HIS, LEU, TRP, and ADE). Colonies
and having turned into blue in 8 h were
growing at 30
selected as positive clones. Plasmid DNA from the single
positive clones was extracted and sequenced with the primer
provided with the kit. The clone was identified by DNA
sequence and compared with GenBank. To further exclude
the false positives, plasmid was transformed into yeast strain
AH109 to rule out its self-activation.
In order to further confirm the positive clones in yeast
system, experiments were performed in AH109 yeast strain
to detect the transcription of LacZ reporter gene according
to the protocols. Colony-lift filter assay was used to check
the activity of β-galactosidase. Briefly, fresh colonies
growing to about 1-3 mm in diameter were transferred
completely to a sterile filter and submerged in liquid
nitrogen for 10 s and thawed at room temperature, then
put on a pre-soaked filter with Z buffer (Na2HPO4·7H2O
16.1 g/L, NaH 2PO4·H2O 5.50 g/L, KCl 0.75 g/L, and
MgSO 4·H 2O 0.246 g/L, pH 7.0) containing 0.27 mL
β-mercaptoethanol and 1.67 mL X-Gal stock solution
(20 mg/mL) in 100 mL volume. The filters were incubated
at 30 and the colors of colonies were checked periodically.
Co-immunoprecipitation
When COS-7 cells reached 50-70% confluence on the dish,
the plasmids expressing NS and interacted protein of NS
were cotransfected into COS-7 cells with DEAE-dextron as
described[12], and total plasmid DNA was 8 µg/100 mm/dish.
After 48 h, the cells were washed with PBS, then scraped
and collected by spinning down. The cell pellet was lysed
in 0.5 mL HEDL buffer (50 mmol/L HEPES pH 8.0,
150 mmol/L NaCl, 2 mmol/L EDTA, 1% Triton X-100,
10 mmol/L MgCl2, 1 mmol/L Na3VO4, 25 mmol/L NaF,
1 mmol/L PMSF) and shaked for 2 h at 4 , centrifuged
at 12 000 g for 15 min at 4 . The resulting supernatants
were immunoprecipitated with various antibodies (mouse
anti-c-myc, mouse anti-nucleostemin and mouse non-specific
antibodies) respectively as described[12]. SDS-PAGE and
Western blot were performed with suitable antibodies and
the signal was detected with ECL (Pulilai Co.).

RESUL
TS
RESULTS
Plasmids construction
The constructed plasmid pGBKT7-NS was identified by
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restriction endonucleases BamHI/XhoI and DNA sequence
analysis. As shown in Figure 1A, there was an expected
DNA band about 1.7 kb released from the digested plasmid
pGBKT7-NS and the DNA sequence was completely
identical with NS in GenBank. Western blot showed that
the NS protein fused with yeast Gal4 DNA-binding domain
was expressed in yeast (Figure 1B). The recombinant
plasmids PPP2R5A/pCDNA3-myc and pCDNA3-NS were
identified by restriction endonucleases BamHI/XhoI and
DNA sequencing, respectively (Figure 2). As shown in
Figure 3, there was an expected band about 2.3 or 1.7 kb
released from the digested plasmid and the DNA sequence
was completely identical with PPP2R5A or NS in GenBank.
A
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2

1 680 bp

1 000
500
Figure 1 Identification of the recombinant clone of NS and its expression in
yeast cell. A: Analysis of pGBKT7-NS with restriction enzyme digestion. M:
DNA markers; lane 1: undigested pGBKT7-NS; lane 2: digestion of pGBKT7NS with BamHI/XhoI and 1 680-bp fragment was released; B: Western blotting
analysis of NS expression by pGBKT7-NS in yeast. Total protein from yeast
AH109 transferred with pGBKT7-NS was subjected to Western blot and the NS
mAb was used to detect the NS protein. Lane 1: total proteins from pGBKT7NS transferred AH109; lane 2: total proteins from pGBKT7 transferred AH109.
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Figure 2 Restriction enzyme analysis of recombinant pcDNA3-NS and pcDNA3myc-PPP2R5A. M: DNA markers; lane 1: undigested pCDNA 3 -NS; lane 2:
digestion of pCDNA3-NS by BamHI/XhoI and 1 680-bp fragment was released;
lane 3: undigested pcDNA3-myc-PPP2R5A; lane 4: digestion of pcDNA3-mycPPP2R5A with BamHI/XhoI and 2 300 bp fragment was released.
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Figure 3 Co-immunoprecipitation of protein NS and PPP2R5A. Total proteins
from cells co-transferred with plasmids pCDNA3-NS and pcDNA3-myc-PPP2R5A
were used for immunoprecipitation with antibody against NS or c-myc and
antibody against c-myc or NS was used in Western blot. Mouse IgG was used
in immunoprecipitation as negative control.
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Screening of clones interacted with NS
To rule out the transcription activity of NS, the bait plasmid
pGBKT7-NS was transformed into yeast AH109 and the
transcription initiation of HIS and MEL1 reporter genes
was tested. The results showed that the self-activation of
NS was negative.
Amplification of human placenta cDNA library was
pre-performed and transformed into the AH109 yeast strain
containing pGBKT7-NS plasmids using modified lithium
acetate. The transformants of pGBKT7 and pCL1 were used
as negative and positive control respectively in the experiment.
There were two positive clones, which were subjected to
DNA sequence analysis. The results showed that one clone
was identical to gene PPP2R5A (GenBank, GI: 30795205),
the other was a novel gene being highly homologous to the
gene associated with spondylo paralysis. To identify the
specificity of the protein interaction, PPP2R5A/pACT2 was
co-transformed into yeast cells with plasmids pGBKT7-NS
or pGBKT7. The results showed that PPP2R5A/pACT2
interacted with pGBKT7-NS, but not with pGBKT7.
Co-immunoprecipitation
To further testify the two protein interaction in mammalian
cells, eukaryotic plasmids expressing NS or PPP2R5A were
cotransfected into COS-7 cells and the total protein was
extracted and used for immunoprecipitation and Western
blot sequentially. The proteins precipitated with NS antibody
could be recognized by c-myc tag antibody, and vice versa,
indicating the interaction between NS and PPP2R5A in
mammalian cell.

DISCUSSION
Yeast two-hybrid assay is an effective method to isolate
interacted proteins[8], and can screen all protein-protein
interactions in vivo. The proteins obtained by yeast two-hybrid
assay are more likely in their native conformations [12] .
However, the yeast two-hybrid assay also has its limitations,
and false positive clones may occur. In this study, more
sensitive and credible yeast strain AH109 was used, which
has three reporter genes regulated by different promoters,
such as GAL1-HIS3, GAL2-ADE2, and MEL1-LacZ. By
using this system, a novel binding protein PPP2R5A of NS
was obtained from human placenta cDNA library and its
interaction with NS and PPP2R5A was further characterized
in mammalian cells using co-immunoprecipitation.
P53 plays an important role in the physiological or
pathological processes, including cell growth regulation
and cell cycle progress. It was reported that the p53
protein can bind to NS protein by GST pull-down and
co-immunoprecipitation, respectively[7]. In our study, a novel
NS binding protein was identified as an alpha isoform of
human protein phosphatase 2 regulatory subunit B (B56)
(PPP2R5A). PPP2R5A belongs to the phosphatase 2A
regulatory subunit B family. Phosphatase 2A is one of the
four major Ser/Thr phosphatases, and plays an important
role in negative control of cell growth and division as well
as cell cycle progress [13]. According to Gene Database,
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PPP2R5A is located in cytoplasm[14-18]. It was found in our
study that NS was expressed in cytoplasm and nucleoli (data
not shown). NS expression in gastric cancer tissue is higher
than that in other gastric tissues (data not shown), suggesting
that NS may play a role in the carcinogenesis of gastric
cancer. In conclusion, the results of our study help to
investigate the functions of NS.
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Abstract
AIM: To investigate whether continuous veno-venous
hemofiltration (CVVH) in different filtration rate to eliminate
cytokines would result in different efficiency in acute
pancreatitis, whether the saturation time of filter membrane
was related to different filtration rate, and whether the
onset time of CVVH could influence the survival of acute
pancreatitis.
METHODS: Thirty-seven patients were classified into four
groups randomly. Group 1 underwent low-volume CVVH
within 48 h of the onset of abdominal pain (early CVVH,
n = 9). Group 2 received low-volume CVVH after 96 h of
the onset of abdominal pain (late CVVH, n = 10). Group 3
underwent high-volume CVVH within 48 h of the onset of
abdominal pain (early CVVH, n = 9). Group 4 received
high-volume CVVH after 96 h of the onset of abdominal
pain (late CVVH, n = 9). CVVH was sustained for at
least 72 h. Blood was taken before hemofiltration, and
ultrafiltrate was collected at the start of CVVH and every
12 h during CVVH period for the purpose of measuring the
concentrations of TNF-α, IL-1β and IL-6. The concentrations
of TNF-α, IL-1β and IL-6 were measured by swine-specific
ELISA. The Solartron 1 255 B frequency response analyzer
(British) was used to observe the resistance of filter
membrane.
RESULTS: The survival rate had a significant difference
(94.44% vs 68.42%, P<0.01) high-volume and low-volume
CVVH patients. The survival rate had also a significant
difference (88.89% vs 73.68%, P<0.05) between early
and late CVVH patients. The hemodynamic deterioration
(MAP, HR, CVP) was less severe in groups 4 and 1 than that
in group 2, and in group 3 than in group 4. The adsorptive
saturation time of filters membranes was 120-180 min
if the filtration rate was 1 000-4 000 mL/h. After the
first, second and third new hemofilters were changed,
serum TNF-α concentrations had a negative correlation

with resistance (r: -0.91, -0.89, and -0.86, respectively in
group 1; -0.89, -0.85, and -0.76, respectively in group 2;
-0.88, -0.92, and -0.82, respectively in group 3; -0.84,
-0.87, and -0.79, respectively in group 4). The decreasing
extent of TNF-α, IL-1β and IL-6 was significantly different
between group 3 and group 1 (TNF-α P<0.05, IL-1β P<0.05,
IL-6 P<0.01), between group 4 and group 2 (TNF-α P<0.05,
IL-1β P<0.05, IL-6 P<0.01), between group 1 and group 2
(TNF-α P<0.05, IL-1β P<0.05, IL-6 P<0.05), and between
group 3 and group 4 (TNF-α P<0.01, IL-1β P<0.01, IL-6
P<0.05), respectively during CVVH period. The decreasing
extent of TNF-α and IL-1β was also significantly different
between survival patients and dead patients (TNF-α
P<0. 05, IL-1β P<0.05). In survival patients, serum
concentration of TNF-α and IL-1β decreased more
significantly than that in dead patients.
CONCLUSION: High-volume and early CVVH improve
hemodynamic deterioration and survival in acute pancreatitis
patients. High-volume CVVH can eliminate cytokines more
efficiently than low-volume CVVH. The survival rate is related
to the decrease extent of TNF-α and IL-1β. The adsorptive
saturation time of filter membranes are different under
different filtration rate condition. The filter should be changed
timely once filter membrane adsorption is saturated.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Excessive activation of inflammatory mediator cascade
during severe acute pancreatitis is a major cause of multiple
organ dysfunction associated with a high mortality[1]. Non-selective
elimination of pancreatitis-related mediators is a preventive
measure against the systemic complications of the disease.
Continuous veno-venous hemofiltration (CVVH) has been
shown to have considerable benefit for the treatment of multiple
organ dysfunction secondary to sepsis[2,3]. Clinical and
experimental studies indicate that CVVH is able to eliminate
small and medium-sized inflammatory mediators such as
cytokines[4-6]. These data suggest that the mechanisms of
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mediator elimination are convective filtration through the
filters and adsorption of mediators to the filter membrane.
Whether different filtration rate can induce different efficiency
in removing inflammatory mediators is controversial[7,8]. If
filter membrane adsorption reaches saturation, the filter
should be changed timely. However, little is known about
the saturation time of filter membrane. Whether the filtrate
rate can change membrane saturation time is unclear. The
present study therefore investigated whether low-volume and
high-volume CVVH could eliminate cytokines in acute
pancreatitis, and whether the onset time of CVVH could affect
the survival of acute pancreatitis patients. By measuring electrical
resistance of filter membranes with the impedance method,
we studied the adsorptive saturation time of filter membranes.
Furthermore, we investigated whether the saturation time of
filter membrane was related to different filtration rates.

MA
TERIALS AND METHODS
MATERIALS
Patients
Thirty-seven patients (21 males, 16 females, averaging
51.4±11.6 years in age with a range of 36-70 years) with
acute pancreatitis were studied. Prior to the study, all patients
or their relatives were informed in detail, and consent was
obtained. The diagnosis was based on typical abdominal
pain associated with an increase in serum amylase and lipase
concentration. All the patients studied also had morphologic
abnormalities compatible with acute pancreatitis demonstrated
by contrast-enhanced computed tomography and/or
ultrasonography. Pancreatitis was biliary origin in 31 patients,
alcoholic origin in 4 patients, and unknown origin in 2 patients.
Diagnostic criteria for severe acute pancreatitis (SAP)
standardized by the British Society of Gastroenterology
Working Party on the management of acute pancreatitis in
1995[9] and diagnostic criteria for multiple organ dysfunction
syndrome (MODS) standardized by American College
of Chest Physicians (ACCP) and Society of Critical Care
Medicine (SCCM) were applied[10]. The frequencies of various
complications observed in patients with severe pancreatitis
are reported in Table 1. All patients initially received standard
conservative treatment. Two patients with severe pancreatitis
underwent surgery for infection of pancreatic necrosis.
Mean arterial blood pressure (MAP), central venous pressure
(CVP), and heart rate (HR) were monitored continuously.
The primary end point was mortality on d 14.
Table 1 Complications in 37 patients with acute pancreatitis
Complication
Pancreatic necrosis
Pulmonary involvement (pleural effusion, atelectasis)
Pancreatic fluid collection
Renal failure
Pseudocysis
Infection
Multi-organ failure

August 21, 2005 Volume 11 Number 31

Group 2: Ten cases underwent low-volume CVVH after
96 h of the onset of abdominal pain (late CVVH);
Group 3: Nine cases received high-volume CVVH within
48 h of the onset of abdominal pain (early CVVH);
Group 4: Nine cases received high-volume CVVH after
96 h of the onset of abdominal pain (late CVVH).
Procedures of CVVH
A double lumen catheter was inserted into the internal jugular
vein of 23 patients and into the femoral vein of 14 patients
to establish vascular access. The blood flow rate ranged
250-300 mL/min. CVVH was sustained for at least 72 h.
The substitution fluid was infused at a rate of 1 000 mL/h in
low-CVVH group and at a rate of 4 000 mL/h in high-CVVH
group[11] in a pre-diluted manner (before hemofiltration).
The substitution fluid rate was equal to the ultrafiltrate rate.
An AN69 hemofilter ( HOSPAL. Industrie-69 330 Meyzieu,
France, 1.2 m2) was used and changed every 24 h. To prevent
clotting, low molecular weight heparin (Fraxi, 0.4 mL) was
given at the start of CVVH. Then Fraxi was infused into
the blood circuit before filtration every four hours, and
ceased when the patient displayed hemorrhagic tendencies,
such as hematemesis, hemafecia and emorrhagia nasalis.
Application of frequency response analyzer
The Solartron 1 255 B frequency response analyzer (UK)
was used to observe the resistance of filter membrane.
Filters were holed near the inlet and outlet of dialysate.
Two ends of pyrogen-free electrode (alloy of nickel chromium
thread coated with pvc. diameter: 0.5 mm) of the Solartron
1 255 B frequency response analyzer were fixed to the
periphery of filter membranes through the holes. Then the
holes were sealed up by pyrogen-free gel bar gun. The resistance
of filter membrane was constantly observed and recorded
every 10 min.
Cytokine measurement
Blood was taken before hemofiltration, the ultrafiltrate was
collected at the start of CVVH and every 12 h during CVVH
for the purpose of measuring the concentration of TNF-α,
IL-1β, and IL-6. To analyze the correlation of serum
inflammatory mediators with resistance of filter membrane,
blood samples for measuring TNF-α were collected every
10-min when a new filter was used until the resistance of
filter membrane reached the plateau. The concentrations
of TNF-α, IL-1β, and IL-6 were measured by swine-specific
ELISA (Sigma, USA).

Patients (n)
20
16
12
6
5
4
4

Patients were classified into four groups randomly by
the onset of acute pancreatitis and the intensity of CVVH.
Group 1: Nine cases underwent low-volume CVVH
within 48 h of the onset of abdominal pain (early CVVH);

Statistical analysis
Student’ s t-test was used to compare the data between
groups. The data were expressed as mean±SD. The survival
time was calculated by the Kaplan-Meier analysis and
compared by the log-rank test. Hemodynamic parameters
were evaluated by one-way analysis of variance (ANOVA).
The change of hemodynamic parameters, cytokines, and
electrical resistance of filter membrane was evaluated and
by ANOVA. The correlation between serum TNF-α and
the resistance of filter membrane was determined by Pearson
correlation analysis. P<0.05 was considered statistically
significant.
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RESUL
TS
RESULTS
Survival
Among the 19 patients in groups 1 and 2 who underwent
low-volume CVVH, 13 patients were still alive at the end
of the observation period. In groups 3 and 4, among the 18
patients who underwent high-volume CVVH, 17 patients were
still alive at the end of the observation period (Figure 1A).
The survival rate was significantly different between the patients
undergone high-volume and low-volume CVVH (94.44%
vs 68.42%, P<0.01). The data showed that the survival could
be improved significantly by high-volume CVVH.
In groups 1 and 3, among the 18 patients who underwent
early CVVH, 16 patients were still alive at the end of the
observation period. In groups 2 and 4, among the 19 patients
who received late CVVH, 14 patients were still alive at the
end of the observation period (Figure 1B). The survival
rate was significantly different between the patients who had
undergone early and late CVVH (88.89% vs 73.68%, P<0.05).
The results suggested that early CVVH could improve
survival of acute pancreatitis patients.
Hemodynamic parameters
Seventy-two hours after CVVH, MAP and CVP had no
significant difference between group 1 and group 3 (P>0.05).
MAP and CVP significantly decreased in group 2 compared
to group 4 (P<0.05, Table 2). The hemodynamic diversity
(MAP, HR, CVP) was different between group 2 and group
4 (P<0.05). The hemodynamic deterioration (MAP, HR,
CVP) was less severe in group 4 than in group 2 (P<0.05).
The data demonstrated that high-volume CVVH significantly
improved hemodynamic deterioration compared to lowvolume CVVH.
MAP and CVP had a significant difference in groups
2 and 4 compared to groups 1 and 3 (P<0.01), 72 h after

CVVH (Table 2). The hemodynamic diversity (MAP, HR,
CVP) was different between groups 1 and 2 (P<0.05) and
between groups 3 and 4 (P<0.01). The hemodynamic
deterioration (MAP, HR, CVP) was less severe in groups
1 and 3 than in groups 2 and 4 (P<0.05). These data showed
that CVVH could improve hemodynamic parameters in
pancreatitis, and that early CVVH significantly improved
hemodynamic deterioration than compared to late CVVH.
Resistance of filter membrane in different filtration flow rate
The filter membrane is an insulator before it contacts with
blood or substitution fluid. In our study, when pyrogenfree saline passed through the blood compartment of filter,
the resistance of filter membranes did not change at different
time points. Electrical resistance tended to change in all
treatment groups (P<0.05, Table 3). The highest resistance
of filter membrane demonstrated at 120 min in groups
1 and 2, and at 180 min in groups 3 and 4. It also showed
that the adsorptive saturation time of filter membranes was
at 120 and 180 min in 1 000 mL/h filtration rate and in
4 000 mL/h filtration rate, respectively. The resistance at
the same time point was significantly different (P<0.01)
between groups 4 and 2, and groups 3 and 1. The data
demonstrated that the adsorptive saturation time of filter
membranes was different under different filtration rate
conditions. The adsorptive saturation time of filter membranes
was 120-180 min if the filtration rate was 1 000-4 000 mL/h.
Serum TNF-α levels and relationship between TNF-α and
resistance
Serum TNF-α levels decreased significantly (P< 0.01) until
the resistance reached the plateau (120 min in group 2 and
180 min in group 4) after a new filter was exchanged (Table 4).
Then, TNF-α concentrations decreased slowly in groups 1

Table 2 Clinical outcome parameters of acute pancreatitis (mean±SD)
Parameter

Group

Pre-CVVH

12 h

24 h

36 h

48 h

60 h

72 h

MAP (kPa)

1

14.00±1.60

14.13±1.87

14.13±2.00

13.33±1.87

13.07±2.00

13.07±1.60

13.20±2.13

2
3

12.13±1.87
14.13±2.00

12.10±1.65
14.17±1.60

12.10±1.87
13.87±1.87

11.20±2.13
13.85±1.85

11.14±1.60
13.87±2.13

10.27±1.58
13.60±1.62

9.33±2.13a,b
13.87±2.00

4
1

12.13±1.60
105±20

12.15±1.86
106±18

12.00±1.88
102±24

12.13±1.47
93±21

11.73±2.00
90±22

11.47±1.87
91±25

10.80±1.89a,c
88±19

2
3

120±24
106±22

116±20
104±21

110±22
96±24

112±18
88±19

114±19
84±21

120±20
84±18

118±25
86±20

4
1

119±18
0.77±0.15

110±24
0.77±0.14

102±22
0.79±0.13

104±25
0.81±0.11

101±20
0.84±0.16

96±20
0.80±0.17

90±18
0.81±0.15

2
3

0.67±0.17
0.77±0.14

0.68±0.13
0.80±0.14

0.71±0.12
0.81±0.13

0.73±0.14
0.81±0.14

0.69±0.13
0.80±0.12

0.64±0.14
0.83±0.13

0.55±0.14 a,b
0.81±0.14

4

0.69±0.12

0.64±0.11

0.67±0.14

0.67±0.14

0.69±0.13

0.64±0.10

0.60±0.14a,c

HR (beats/min)

CVP (kPa)

P<0.05 vs Pre-CVVH; bP<0.01 vs group 1; cP<0.05 vs group 2.

a

Table 3 Resistance level of different groups of acute pancreatitis patients (mean±SD)
Group

0 min

30 min

60 min

90 min

120 min

150 min

180 min

210 min

1
2
3
4
Saline

0.37±0.07
0.37±0.09
0.37±0.05
0.37±0.07
0.37±0.05

0.93±0.08
0.94±0.07
1.67±0.11
1.66±0.09
0.38±0.09

1.32±0.15
1.35±0.08
2.68±0.14
2.70±0.11
0.35±0.08

1.59±0.10
1.60±0.07
3.58±0.15
3.57±0.15
0.36±0.12

1.72±0.11
1.72±0.10
4.11±0.12
4.09±0.14
0.37±0.11

1.72±0.10
1.72±0.13
4.27±0.11
4.28±0.15
0.36±0.13

1.70±0.09
1.71±0.14
4.29±0.15
4.29±0.16
0.36±0.15

1.72±0.13
1.72±0.10
4.27±0.11
4.28±0.15
0.36±0.13
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Table 4 TNFα concentration after changing filter of acute pancreatitis (mean±SD, ng/L)
Group
2

4

b

Flter

0 min

30 min

60 min

90 min

120 min

150 min

180 min

210 min

st

1
2nd

1 932±248
1 449±237

1 825±292
1 362±215

1 711±254
1 295±239

1 603±268
1 221±281

1 562±247
1 208±272

1 543±224
1 201±268

1 532±248
1 197±274

1 520±228
1 191±272

3rd
1st

1 173±253
1 893±248

1 107±213
1 786±292

1 035±246
1 676±254

1 018±274
1 592±268

982±237
1 501±247b

978±226
1 468±224

962±225
1 440±248

954±225
1 431±247

2nd
3rd

1 365±237
985±253

1 280±215
903±213

1 205±239
846±346

1 136±281
784±274

1 093±272
751±237

1 082±268
730±226

1 067±274
718±345

1 060±238
711±235

P<0.01 vs group 2 1st.

and 3 compared to groups 2 and 4 (P< 0.05). When the first
filter was used, TNF-α concentration decreased significantly
in groups 4 and 3 compared to groups 2 and 1 (P<0.05). The
data suggested that there was a correlation between resistance
and serum TNF-α concentration. When the resistance
increased, serum TNF-α concentration decreased significantly
in the same group after a new filter was installed. After the
first, second, and third new hemofilters were exchanged, serum
TNF-α concentration was negatively correlated with the
resistance (r: -0.91, -0.89, and -0.86 in group 1; -0.89, -0.85,
and -0.76 in group 2; -0.88, -0.92, and -0.82 in group 3; -0.84,
-0.87, and -0.79 in group 4). The data showed that the time
point at which the resistance reached plateau was the membrane
adsorptive saturation time, and the resistance could reflect
the mass of inflammatory mediators for membrane adsorption.
Cytokine levels in different groups
Before CVVH, serum concentrations of TNF-α, IL-1β,

A

B

0.9
0.8
Group 1+Group 2

0.7

1.0
Survival rate (%)

1.0
Survival rate (%)

and IL-6 had no significant difference between groups 3
and 1, and between groups 4 and 2 (P>0.05). Serum
concentrations of TNF-α, IL-1β and IL-6 tended to
decrease in all treatment groups during CVVH. The decreasing
extent of TNF-α, IL-1β and IL-6 was different between
groups 3 and 1 (TNF-α P<0.05, IL-1β P<0.05, IL-6 P<0.01),
between groups 4 and 2 (TNF-α P<0.05, IL-1β P<0.05,
IL-6 P<0.01), (Figure 2A-C).The data demonstrated that
the diversity of TNF-α, IL-1β and IL-6 levels increased
72 h after CVVH. The results showed that high-volume
CVVH could eliminate cytokines more effectively than lowvolume CVVH.
The decreasing extent of TNF-α, IL-1β and IL-6
was different between groups 1 and 2 (TNF-α P<0.05,
IL-1β P<0.05, IL-6 P<0.05), between groups 3 and 4
(TNF-α P<0.01, IL-1β P<0.01, IL-6 P<0.05) during CVVH
(Figure 2A-C). Serum concentrations of TNF-α, IL-1β,
and IL-6 decreased more significantly in groups 1 and 3

0.9

0.8
Group 1+Group 3

Group 3+Group 4

Group 2+Group 4
0.7

0.6
4

6

8
10
Time (d)

12

14

2

Figure 1 Survival rate of different intensifying CVVH (A) and different start time
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Cytokines levels (ng/L)

than in groups 2 and 4 (TNF-α P<0.05, IL-1β P<0.05, IL-6
P<0.01). Early CVVH decreased serum concentrations of
TNF-α, IL-1β and IL-6 more efficiently than late CVVH.
The data showed that early CVVH could decrease the
excessive activation of inflammatory mediator cascade by
reducing TNF-α, IL-1β and IL-6.
The decreased extent of TNF-α and IL-1β had no
significant difference (P>0.05) , but was significantly
different between IL-6 and TNF-α, and between IL-6 and
IL-1β (P<0.01, Figure 3) in group 4. The data showed that
IL-6 decreased more significantly during high-volume
CVVH. TNF-α, IL-1β and IL-6 were detectable in the
ultrafiltrate.

2 000

TNF-α

1 600

IL-1 β

1 200

IL-6

800
400
0

Pre 12

24 36 48 60
Time (h)

72

Figure 3 Different cytokine levels in group 4 of acute pancreatitis patients.

Relationship between survival rate and cytokine levels
Before CVVH, serum concentrations of TNF-α and IL-1β
had a difference between survival and dead patients (TNF-α
P<0.05, IL-1β P<0.05, Figure 4). TNF-α and IL-1β levels
were higher in dead patients. Serum concentrations of TNF-α
and IL-1β decreased in both survival and dead patients
during CVVH. The decreasing extent of TNF-α and IL-1β
was different between survival and dead patients (TNF-α
P<0.05, IL-1β P<0.05). In survival patients, serum concentrations of TNF-α and IL-1β decreased more significantly
than that in dead patients (Figure 4). The data demonstrated
that survival patients had lower serum levels of TNF-α
and IL-1β. Survival rate might be related to the decreasing
extent of TNF-α and IL-1β.

Survival TNF-α

Cytokines levels (ng/L)

2 000

Death TNF-α

1 600

Survival IL-1 β

1 200

Death IL-1 β

800
400
0

Pre 12

24 36 48
Time (h)

60 72

Figure 4 Cytokine levels in survival and dead patients of acute pancreatitis.
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DISCUSSION
There is evidence that secondary multiple organ failure
resulting from septic complications, is the main cause of
mortality in severe pancreatitis. The final pathway of
pancreatitis-induced sepsis shares many characteristics with
other septic diseases, including systemic histopathological
abnormalities, excessive release of pro-and anti- inflammatory
cytokines. It has been suggested that patients with severe
pancreatitis at the risk to develop septic complications might
benefit from early application of CVVH irrespective of
the presence of acute renal failure (ARF)[12,13].
Clinical studies have shown that cumulative ultrafiltrate
volume is directly correlated with survival rate in patients
with sepsis-associated acute renal failure and acute
pancreatitis[13,14]. In our study, high-volume CVVH could
significantly improve the survival compared to low-volume
CVVH. Joannes-Boyau et al. [15], evaluated the effect of
high volume CVVH on hemodynamic and outcome in
patients with septic shock, and found that the mortality
in the hemofiltration group decreases significantly. Yekebas
et al.[16], examined the impact of CVVH on the course of
experimental pancreatitis in pigs, and found that the
survival time is significantly prolonged by high-volume
CVVH. Most likely, this is due to a more effective removal
of sepsis mediators. Furthermore, our data show that early
CVVH improves survival significantly compared to late
CVVH. In a non-randomized trial, it has been hypothesized
that early CVVH prior to overt ARF might result in
considerable reduction of morbidity in patients with
necrotizing pancreatitis[12]. Xie et al. [17], studied whether
initial time of CVVH could influence survival in acute
pancreatitis, and found that the average interval is
significantly longer in the mortality group than in the
survival group from the onset of acute pancreatitis to
CVVH. Yekebas et al.[18], reported that animals receiving
prophylactic CVVH have a longer survival period, than
those receiving CVVH after clinical impairment, suggesting
that the improved survival is also due to the fact that early
CVVH improves hemodynamic deterioration better than
late CVVH. Improved hemodynamic parameters may be
due to the application of high-volume CVVH as it was
shown in our study. The results are similar to those reported
by other studies[15,19]. As Ronco et al.[20], argued that it is the
time to move from the simple goal of achieving adequate
renal support, the proper goal of CVVH in ICU should be
multi-organ support therapy.
The resistance of filter membrane was constantly
measured by means of the electrical impedance technique
during CVVH in the present study. The resistance level
reached the plateau at 120 min in 1 000 mL/h filtration
rate and at 180 min in 4 000 mL/h filtration rate, respectively.
The results demonstrate that the adsorptive saturation time
of filter membranes is different in different filtration rate.
The adsorptive saturation time of filter membranes is
120 -180 min, if the filtration rate is 1 000-4 000 mL/h. De
Vriese et al.[21], calculated the cytokine mass balance during
hemofiltration in septic patients with acute renal failure,
and demonstrated that the adsorption is most prominant
immediately after the installation of a new hemofilter (at
t = 1 and t = 13) with a steady decrease thereafter. The
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adsorption and the convective elimination increased in a
higher blood flow rate and filtration rate. Kellum et al.[22],
performed CVVH in patients with severe systemic inflammatory
response syndrome, and deduced that the adsorptive saturation
time of filter membranes is at 6 h after exchanging a new
hemofilter by measuring the decreasing extent of serum
cytokines. By delivering a large amount of blood per a unit
of time or higher transmembrane pressure to push the
molecules deeper into the membrane, the adsorptive surface
area increases. The higher convection driving force may
increase the surface area accessible to adsorption, by pushing
the molecules deeper into the hydrogel. In this respect, only
minimal adsorption occurs when the ultrafiltrate line is
clamped[23]. Therefore, increasing filtration rate can increase
the adsorption mass and prolong adsorptive saturation time
of filter membranes. Our results showed that serum TNFα
concentration decreased significantly in the same group after
new filters were installed. After the first, second and third
new hemofilters were exchanged, serum TNF-α concentration
was negatively correlated with the resistance, demonstrating
that the time point at which the resistance reached plateau
was the membrane adsorptive saturation time. The resistance
could reflect the mass of membrane adsorption of inflammatory
mediators. To eliminate more inflammatory mediators, the
filter should be changed timely when the filter membrane
adsorption is saturated. Compared to that reported by De
Vriese et al.[21], the method we used to measure the adsorptive
saturation time of filter membranes by electrical impedance
technique is convenient. The impedance technique has also
been used by Rapoza et al.[25], to evaluate the permeability of
dentin. Several studies have shown that proteins are
denatured and desorbed with increasing treatment time[21,24].
Clark et al.[26], demonstrated that the desorption of denatured
proteins into the blood may be deleterious, indicating that it
is very important to change filter timely once filter membrane
adsorption is saturated.
In our study, we particularly focused on whether the
removal of cytokines, such as TNF-α, IL-1β and, IL-6
was related to different filtration rate and the onset of
CVVH. The impact of CVVH on serum cytokine levels is
controversial[18,19]. Some investigators have not detected
significant decreases of inflammatory mediators in the
bloodstream, although relevant concentrations are measured
in ultrafiltrate[27,28]. This may be due to the fact that CVVH
was performed with low filtration rates. In contrast, De
Vriese et al.[21], reported that in septic patients with ARF, plasma
cytokine levels decrease significantly after hemofiltration
and found that there is a close relationship between the
filtration rate and the efficiency of CVVH in removing
cytokines. Other studies have confirmed the benefits of
increasing the filtration rate in terms of improved survival
or accelerated recovery from ARF[14,29]. In our study, the
filtration rate was 4 000 mL/h which is recommended by
Uchino et al.[11], as high-volume CVVH. Our data show that
high-volume CVVH could eliminate more cytokines than
low-volume CVVH. The results are similar to those of some
previous clinical studies[17,30]. Watanabe et al.[31], found that
extremely high interleukin-6 blood levels and bad outcome
in critically ill patients are associated with tumor necrosis
factor-α and interleukin-1, suggesting that activation of
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inflammatory mediator is a kind of excessive cascade effect
during acute pancreatitis. In the present study, early CVVH
decreased serum concentrations of TNF-α, IL-1β, and
IL-6 more efficiently than late CVVH, demonstrating that
early CVVH can decrease the excessive activation of
inflammatory mediator cascade through reduced TNF-α,
IL-1β, and Il-6, especially in high CVVH patients. We found
that IL-6 decreased more significantly than TNF-α and
IL-1β during high-volume CVVH. This may be due to the
fact that pro-inflammatory cytokines, such as TNF-α and
IL-1β, are removed efficiently by high-volume CVVH and
the causative factors increasing the serum IL-6 level are
reduced. Gomez-Cambronero et al.[1], reported that serum
levels of pro-inflammatory cytokines, such as TNF-alpha
and IL-1beta, increase during acute pancreatitis and appear
to be the driving force for the initiation and propagation of
the systemic response. The excessive inflammatory response
could be down regulated by removing cytokines and other
mediators as Lonneman et al.[32], reported. Early CVVH
could prevent inflammatory mediators from increasing.
SAP mortality is associated with organ failure. In the early
course, organ failure results from inflammatory mediators
released by systemic inflammatory response syndrome even
in the absence of infection. In the septic phase, since organ
failure occurs because of sepsis, it is common in SAP.
Inflammatory cytokines play an important role in the progress
of acute pancreatitis. In our study, serum concentration of
TNF-α and IL-1β decreased more significantly in survival
patients than in dead patients 72 h after CVVH, and similar
studies in MODS field are available[2,3,5], suggesting that the
survival rate is related to the decreasing extent of TNF-α
and IL-1β in acute pancreatitis. IL-1β and its mRNA do
not exist in the normal pancreas, but are released immediately
after pancreatitis is induced. Blockage of the IL-1 receptor
significantly decreases intrinsic pancreatic damage and
mortality[1,33]. Elevated levels of TNFα may contribute to the
pathophysiological sequelae of the disease, and pretreatment
with anti-TNFα antibody before induction of the disease
can prevent release of TNFα[34], lessen disease severity and
increase survival time[35]. Blocking the network of cytokines
and eliminating cytokines can improve the prognosis and
survival rate of pancreatitis.
In summary, CVVH, especially high-volume CVVH,
offers several therapeutic options for patients with acute
pancreatitis experiencing multiple organ dysfunction. It can
improve the hemodynamic parameters and survival rate
of pancreatitis patients by removing inflammatory mediators.
CVVH can be performed at the early stage of acute pancreatitis.
The adsorptive saturation time of filter membranes is
different in different filtration rate. The filter should be
changed timely once filter membrane adsorption is saturated.
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pro, P<0.05; 0.54±0.07 vs 0.28±0.04, P<0.01; 3.17 vs
2.00, P<0.05), and the level of SOD in liver decreased
(35.78±6.11 U/mg pro vs 51.80±8.36 U/mg pro, P<0.05).
There were similar changes in the degree of type I collagen
deposition confirmed by picric acid–Sirius red dyeing.
CONCLUSION: Leptin can exacerbate the degree of TAAinduced liver fibrosis in mice. Leptin may be an important
factor in the development of liver fibrosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: To investigate the effects of leptin administration on
liver fibrosis induced by thioacetamide (TAA).
METHODS: Twenty-four male C57Bl/6 mice were randomly
allocated into four groups, which were intra-peritoneally
given saline (2 mL/kg), leptin (1 mg/kg), TAA (200 mg/kg),
TAA (200 mg/kg) plus leptin (1 mg/kg) respectively, thrice
a week. All mice were killed after 4 wk. The changes in
biochemical markers, such as the levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
in serum and superoxide dismutase (SOD), malondialdehyde
(MDA) in liver were determined. For histological analysis,
liver tissues were fixed with 10% buffered formalin,
embedded with paraffin. Hematoxylin-eosin (HE) staining
and picric acid-Sirius red dyeing were performed. The
level of α1(I) procollagen mRNA in liver tissues was
analyzed by RT-PCR.
RESULTS: Apparent liver fibrosis was found in TAA group
and TAA plus leptin group. Compared to saline group, the
levels of ALT and AST in serum and MDA in liver increased
in TAA group (205.67±27.69 U/L vs 50.67±10.46 U/L,
177.50±23.65 U/L vs 76.33±12.27 U/L, 2.60±0.18 nmol/mg
pro vs 1.91±0.14 nmol/mg pro, P<0.01) and in TAA
plus leptin group (256.17±22.50 U/L vs 50.67±10.46 U/L,
234.17±27.37 U/L vs 76.33±12.27 U/L, 2.97±0.19 nmol/mg
pro vs 1.91±0.14 nmol/mg pro, P<0.01). The level of
SOD in livers decreased (51.80±8.36 U/mg pro vs
81.52±11.40 U/mg pro, 35.78±6.11 U/mg pro vs 81.52±
11.40 U/mg pro, P<0.01) and the level of α1(I) procollagen
mRNA in liver tissues also increased (0.28±0.04 vs 0.11±
0.02, 0.54±0.07 vs 0.11±0.02, P<0.01). But no significant
changes were found in leptin group and saline group.
Compared to TAA group, ALT, AST, MDA, and α1(I)
procollagen mRNA and grade of liver fibrosis in TAA plus
leptin group increased (256.17±22.50 U/L vs 205.67±
27.69 U/L, P<0.05; 234.17±27.37 U/L vs 177.50±23.65 U/L,
P<0.05; 2.97±0.19 nmol/mg pro vs 2.60±0.18 nmol/mg
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INTRODUCTION
Leptin, an obese gene product, is a 16-ku peptide hormone
expressed and secreted predominantly by adipose tissue[1],
and plays an essential role in the regulation of body weight
mainly by reducing food intake and increasing energy
expenditure[2]. In addition to the effect of controlling body
fat mass, leptin has a variety of other biological functions,
such as wound healing, angiogenesis, immune response, etc.[3-6],
thus exerting its effects on many tissues or organs, including
the liver. Potter et al.[7], found that isolated hepatic stellate cells
(HSCs) also produce leptin during the in vitro transactivation
process in 1998. Since then researchers have paid more
attention to the correlation between leptin and liver diseases.
Recently, it was reported that the serum leptin levels are elevated
in patients with chronic viral hepatitis, alcohol-induced
cirrhosis, or non-alcoholic steatohepatitis (NASH)[8-11]. These
observations suggest that leptin may be involved in the
progression of liver fibrosis. Accordingly, in the present
study we investigated the effect of leptin administration on
liver fibrosis caused by thioacetamide (TAA).
MA
TERIALS AND METHODS
MATERIALS
Animals and treatment
Twenty-four, 6-wk-old male C57Bl/6 mice, weighing
18.4-24.2 g, were obtained from Institute of Transplantation,
Tongji Medical College, Huazhong University of Science
and Technology. All mice were housed in a temperaturehumidity-controlled environment in a 12 h light-dark cycle
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with free access to food and water. The mice were randomly
divided into four groups with six mice in each, which were
given an intra-peritoneal injection of saline (2 mL/kg),
recombinant murine leptin (1 mg/kg, R&D Systems Inc.,
USA), TAA (200 mg/kg), TAA (200 mg/kg) plus leptin
(1 mg/kg) thrice a week. All mice were killed after 4 wk.
Blood and livers were collected for further examination.

annealing at 56 for 45 s and extension at 72 for 1 min),
for 7 min after the last cycle.
and a final extension at 72
Ten milliliters of the PCR products was analyzed on 2%
agarose gel containing ethidium bromide with TAE buffer
at 80 V for 30 min and photographed under UV illumination.
The band intensities were quantified by densitometry. α1
(I) procollagen/β-actin quotient indicated the relative
expression of α1(I) procollagen.

Histological examination
Liver tissues were fixed with 10% buffered formalin,
embedded with paraffin, and then hematoxylin-eosin (HE)
staining and picric acid-Sirius red dyeing were performed.
Liver fibrosis was evaluated by a semi-quantitative method
to assess the degree of histological injury using the following
criteria: grade 0: normal liver; grade 1: few collagen fibrils
extended from the central vein to the portal tract; grade 2:
apparent collagen fibril extension without encompassing the
whole lobule; grade 3: collagen fibrils extended into and
encompassed the whole lobule; grade 4: diffuse extension
of collagen fibrils and formation of pseudo-lobule.

Statistical analysis
The results were expressed as mean±SD. One-way analysis
of variance (ANOVA) with LSD post hoc comparison was
used to test for differences in means of variables between
groups. P<0.05 was considered statistically significant. All
data were analyzed by SPSS 11.0 software.

RESUL
TS
RESULTS
Animal model and liver histology
Compared to saline group and leptin group, the mice in
TAA group and TAA plus leptin group were thin and less
haired. The surface of liver was rough and formation of
small nodules was observed, indicating that liver fibrosis
developed as expected. The degree of type I collagen
deposition was confirmed by liver histology stained with
picric acid-Sirius red. As anticipated, liver tissue specimens
from both the saline group and leptin group showed no
significant picric acid-Sirius red staining, indicating a lack
of type I collagen deposition outside of central and portal
blood vessels. Apparent hepatocyte degeneration, necrosis,
infiltration of inflammatory cells, expanded portal tracts
and collagen deposition were found in TAA group and TAA
plus leptin group. The degree of liver fibrosis in these two
groups significantly increased compared to that in saline
group or leptin group (P<0.01). But compared to TAA
group, the deposition of type I collagen in TAA plus leptin
group was more apparent and the degree of liver fibrosis
also increased (P<0.05). The details about the degree of
liver fibrosis in each group are shown in Table 1. Type I
collagen deposition in each group is shown in Figure 1.

Estimation of liver function
Blood was obtained at the time of killing. The serum aspartate
aminotransferase (AST) and alanine aminotransferase (ALT)
levels were measured by the Olympus AU-1000 biochemical
autoanalyzer, as markers of hepatic damage.
Level of malondialdehyde and superoxide dismutase
Malondialdehyde (MDA) and superoxide dismutase (SOD)
contents in liver tissue were assayed by assay kits (Jiancheng
Biotech Ltd, Nanjing, China).
RNA extraction and RT-PCR assay
Expression of α1(I) procollagen mRNA was evaluated with
RT-PCR. Total RNA was isolated from liver specimens with
RNAex reagent (Watson Biotechnologies, Inc., Shanghai,
China) according to the manufacturer’s descriptions. Total
RNA was quantified spectrometrically at 260 nm, and the
quality of isolated RNA was analyzed on agarose gels under
standard conditions. Two-step RT-PCR was performed as
recommended by the suppliers. Primer sequences were α1
(I) procollagen: forward 5’-CCT GGA CGC CAT CAA
GGT CTA C-3’ and reverse 5’-CCA AGT TCC GGT GTG
ACT CG-3’, fragment length 419 bp; β-actin: forward
5’-ACC ACA GCT GAG AGG GAA ATC G-3’ and reverse
5’-AGA GGT CTT TAC GGA TGT CAA CG-3’, fragment
length 277 bp. Amplification conditions were as follows:
for 2 min, then in a thermal
pre-denaturation at 95
for 45 s,
controller for 35 cycles (denaturation at 95

Serum ALT and AST level
At the end of the study, there was no difference in serum
ALT and AST levels between saline group and leptin group.
But serum ALT and AST levels in TAA group and TAA
plus leptin group significantly increased compared to those
in saline group and leptin group (P<0.01). Furthermore,
treatment with TAA plus leptin increased the ALT and AST
levels compared to treatment with TAA (P<0.05, Table 2).

Table 1 Degree of liver fibrosis in each group of mice
Group

n

Saline
Leptin
TAA
TAA+leptin

Grade of liver fibrosis
0

I

II

III

IV

6

6

0

0

0

0

6
6

6
0

0
1

0
4

0
1

0
0

0
2.00b,d

6

0

0

0

5

1

3.17a,b,d

P<0.05 vs TAA group; bP<0.01 vs saline group; dP<0.01 vs leptin group.

a

Average
0
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Figure 1 Type I collagen deposition in saline group (A), leptin group (B), TAA
(C), and TAA plus leptin group (D). 200× (red color indicates picric acid-Sirius

red staining for collagen).

Table 2 Serum ALT and AST level (mean±SD)

Table 4 Level of α1(I) procollagen mRNA in relation to β-actin
(mean±SD)

Group

n

ALT (U/L)

AST (U/L)

Saline

6

50.67±10.46

76.33±12.27

Leptin

6

47.50±11.78

71.67±14.39

TAA

6

205.67±27.69b,d

177.50±23.65b,d

TAA+leptin

6

256.17±22.50a,b,d

234.17±27.37a,b,d

P<0.05 vs TAA group; bP<0.01 vs saline group; dP<0.01 vs leptin group.

a

Group

n

Saline
Leptin
TAA
TAA+leptin

6
6
6
6

b

Ratio
0.11±0.02
0.13±0.02
0.28±0.04b,d
0.54±0.07b,d,f

P<0.01 vs saline group; dP<0.01 vs leptin group; fP<0.01 vs TAA group.

Changes of MDA and SOD in liver tissue
The amount of MDA and SOD did not obviously change
in leptin group, compared to that in the saline group. The
amount of MDA in TAA group and TAA plus leptin group
was significantly higher than that in saline group (P<0.01),
while SOD in the two groups was significantly lower than
that in saline group (P<0.01). But MDA was higher in TAA
plus leptin group than in TAA group (P<0.05), while SOD
was lower in TAA plus leptin group than in TAA group
(P<0.05, Table 3).

for α1(I) procollagen were assessed. RNA extracts from
livers were analyzed by reverse transcription PCR.
Furthermore, the band intensity ratio of α1(I) procollagen
to β-actin was evaluated and presented as percentage of
β-actin. As shown in Table 4 and Figure 2, the expression
of α1(I) procollagen in leptin group did not obviously
change, compared to that in the saline group, but significantly
increased in TAA group and TAA plus leptin group (P<0.01).
The expression of α1(I) procollagen in TAA plus leptin
group was much higher than that in TAA group (P<0.01,
Table 4 and Figure 2).

Table 3 Changes of MDA and SOD in liver tissue (mean±SD)

DISCUSSION
In the present study, chronic administration of TAA or
TAA plus leptin caused liver fibrosis as indicated by the
changes of serum markers, histopathological changes, and
molecular biological changes. But more overt liver fibrosis
was observed, when leptin was used in combination with
TAA. Our results are in line with other findings that leptindeficient ob/ob mice do not develop fibrosis during
steatohepatitis or in response to chronic toxic liver injury[12,13],
indicating that leptin can exacerbate the degree of fibrosis
in mouse liver induced by TAA, and may be an important

Group

n

SOD (U/mg pro)

MDA (nmol/mg pro)

Saline

6

81.52±11.40

1.91±0.14

Leptin
TAA

6
6

83.63±10.68
51.80±8.36b,d

1.93±0.13
2.60±0.18b,d

TAA+leptin

6

35.78±6.11a,b,d

2.97±0.19a,b,d

P<0.05 vs TAA group; bP<0.01 vs saline group; dP<0.01 vs leptin group.

a

α1(I) procollagen mRNA expression
To determine the expressions of collagen, mRNA transcripts
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1

500 bp

2

3

4

5

β-actin 227 bp
α1 (1) Procollagen 419 bp

Figure 2 Expression of α1(I) procollagen mRNA. M: 100-bp DNA marker; lane
1: saline group; lane 2: leptin group; lane 3: TAA group; and lane 4: TAA plus
leptin group.

factor in the development of liver fibrosis.
The activities of serum fibrosis-associated enzymes,
namely ALT and AST, significantly increased along with
the increased expression of α1(I) procollagen mRNA in
TAA group and TAA plus leptin group. But leptin could
augment TAA-induced inflammatory response and increase
the expression of α1(I) procollagen mRNA. The histological
examination also found that leptin increased the TAAinduced deposition of type I collagen. Specific increase in
procollagen mRNAs in liver fibrosis parallels increase in
tissue collagen content. Since increased synthesis of
procollagen contributes to the increase of collagen content
in fibrotic liver, the expression of α1(I) procollagen mRNA
can reflect the degree of hepatic fibrosis[14,15]. Activation of
HSCs is the essential event in hepatic fibrogenesis, because
HSCs transactivate to myofibroblast-like cells that produce
a large, excess amount of matrix proteins (e.g., fibrillar
collagen, fibronectin, laminin, and proteoglycans) in injured
liver[16]. It was reported that HSCs express short forms of
the leptin receptor (Ob-Ra), but not the functional long
form of the leptin receptor Ob-Rb. Since the sinusoidal
endothelial cells and Kupffer cells in the liver express the
long form of the leptin receptor Ob-Rb[17,18], leptin may
exert an indirect effect on the activation of HSCs mediated
by TGF-β 1. As Ob-Rb leptin can increase TGF-β 1
expression in the sinusoidal endothelial cells and Kupffer
cells, TGF-β 1 activates type I collagen promoters, and
upregulates the extracellular matrix such as collagen and
fibronectin from HSCs[19]. Recently, it was reported that
leptin also can activate HSCs directly[20]. However, the role
of leptin in the activation of HSCs needs to be further
analyzed.
TAA is a typical hepatotoxin and causes centrilobular
necrosis by generation of ROS. ROS triggers lipid
peroxidation chain reaction. MDA is the production of lipid
peroxidation, the amount of MDA can express the degree
of lipid peroxidation. SOD is a ubiquitous chain breaking
anti-oxidant found in all aerobic organisms. It is a metalloprotein
widely distributed in all cells and protects cells against ROSinduced oxidative damage. Oxidative stress contributes to
the pathogenesis of hepatic fibrosis induced by alcohol and
virus infection[21,22]. Furthermore, oxidative stress is involved
in activation of HSCs and promotion of their proliferation,
collagen synthesis, and migration [23]. The activation of
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quiescent HSCs plays an important role in the process of
liver fibrosis[16,24]. In our experiment, MDA was higher in
TAA plus leptin group than in TAA group (P<0.05), while
SOD was lower in TAA plus leptin group than in TAA
group. The results suggest leptin can augment TAA-induced
lipid peroxidation by lowering the level of enzymic
antioxidant. But leptin administration alone has no apparent
effect on lipid peroxidation. Whether leptin is just a cofactor needs to be further studied. On the other hand, leptin
can regulate macrophage function[25] and augment endotoxinstimulated TNF production by macrophages[3]. Hematopoietic
cells including macrophages and lymphocytes contain a
functional leptin receptor[26], through which leptin regulates
proliferation and maturation of immune cells[27,28] and elicits
release of pro-inflammatory cytokines from macrophages[3].
These pro-inflammatory cytokines and immune responses
play a critical role in the development of liver fibrosis. The
above findings may explain, at least in part, why leptin
increases the degree of liver fibrosis in mice induced by
TAA.
It has been reported that hepatic cirrhosis is six fold
more prevalent in obese individuals than in the general
population[29,30], and obesity is an independent risk factor
for the development of chronic liver diseases caused by alcohol,
chronic hepatitis C, and NASH[31-34]. These observations
indicate that there could be a pathogenic link between obesity
and liver fibrosis. But the reason why obesity accelerates
the development of hepatic fibrosis has not been elucidated.
Circulating levels of leptin correlate well with body fat mass[35].
Obese people have remarkably high serum leptin levels.
Increased serum leptin presumably enhances pro-inflammatory
and pro-fibrogenic responses in the liver, and generate
oxidative stress. Leptin may be a determinant of hepatic
inflammation and fibrosis in obese individuals, especially in
those with NASH. Our findings support the hypothesis that
leptin is involved in the progression of liver fibrosis.
However, additional studies are needed to elucidate the role
of leptin in the progression of chronic liver fibrosis in obese
patients.
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Abstract
AIM: To investigate the response of astrocytes and neurons
in rat lumbo-sacral spinal cord and medulla oblongata
induced by chronic colonic inflammation, and the relationship
between them.
METHODS: Thirty-three male Sprague-Dawley rats were
randomly divided into two groups: experimental group
(n = 17), colonic inflammation was induced by intra-luminal
administration of trinitrobenzenesulfonic acid (TNBS);
control group (n = 16), saline was administered intra-luminally.
After 3, 7, 14, and 28 d of administration, the lumbo-sacral
spinal cord and medulla oblongata were removed and
processed for anti-glial fibrillary acidic protein (GFAP),
Fos and GFAP/Fos immunohistochemistry.
RESULTS: Activated astrocytes positive for GFAP were
mainly distributed in the superficial laminae (laminae I-II)
of dorsal horn, intermediolateral nucleus (laminae V),
posterior commissural nucleus (laminae X) and anterolateral
nucleus (laminae IX). Fos-IR (Fos-immunoreactive)
neurons were mainly distributed in the deeper laminae
of the spinal cord (laminae III-IV, V-VI). In the medulla
oblongata, both GFAP-IR astrocytes and Fos-IR neurons
were mainly distributed in the medullary visceral zone
(MVZ). The density of GFAP in the spinal cord of experimental
rats was significantly higher after 3, 7, and 14 d of TNBS
administration compared with the controls (50.4±16.8,
29.2±6.5, 24.1±5.6, P<0.05). The density of GFAP in MVZ
was significantly higher after 3 d of TNBS administration
(34.3±2.5, P<0.05). After 28 d of TNBS administration,
the density of GFAP in the spinal cord and MVZ decreased
and became comparable to that of the controls (18.0±4.9,
14.6±6.4, P>0.05).
CONCLUSION: Astrocytes in spinal cord and medulla
oblongata can be activated by colonic inflammation. The
activated astrocytes are closely related to Fos-IR neurons.
With the recovery of colonic inflammation, the activity of

astrocytes in the spinal cord and medulla oblongata is
reduced.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Recent studies have shown that astrocytes, being in intimate
contact with neurons, may respond to various kinds of
stimulation. Both peripheral inflammation and nerve injuries
are able to induce astrocytic activation in the spinal cord
and brain stem. Moreover, astrocytic activation was shown
to be involved in central nervous system (CNS) responses
leading to hypersensitivity and persistent pain states[1-3]. Glial
fibrillary acidic protein (GFAP) is an intermediate filament
component in astrocytes of nervous tissue. The expression
of GFAP may increase with astrocytic activation[4]. By using
GFAP and Fos immunoreactivity (IR) as markers, we aimed
to determine the response of astrocytes and neurons in
rat lumbo-sacral spinal cord and medulla oblongata induced
by chronic colonic inflammation, and the relationship
between them.
MA
TERIALS AND METHODS
MATERIALS
Animals
Thirty-three adult male Sprague-Dawley rats (The Fourth
Military Medical University) weighing 220-250 g were used
in this study. The animals were housed in a quiet room with
a constant ambient temperature of 20 , and free access
to rat chow and water. They were divided randomly into
experimental group (n = 17) and control group (n = 16).
Experimental protocol
After 24 h fast, trinitrobenzenesulfonic acid (TNBS,
100 mg/kg in 300 mL/L ethanol) was administered intraluminally through a silicone rubber catheter introduced
7 cm into the anus with light diethyl-ether anesthesia, as
previously described[5]. To keep TNBS in the colon for a
longer time and to avoid leakage, the tubing was slowly
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withdrawn and the tail of the rat was kept elevated for
8-10 min. After intra-luminal administration of TNBS, rats
in the experimental group were allowed to live 3 (n = 4),
7 (n = 4), 14 (n = 4) and 28 (n = 5) d, respectively.
After intra-luminal administration of 0.5 mL saline, rats
in the control group were allowed to live 3 (n = 4), 7 (n = 4),
14 (n = 4) and 28 (n = 4) d, respectively.
Immunohistochemistry
The animals were deeply anesthetized with pentobarbital
Na (80 mg/kg, intraperitoneal) and perfused intracardially
with 100 mL saline followed by 500 mL fixative of 4%
paraformaldehyde in 0.1 mol/L phosphate buffer (pH 7.4).
L3-S2 segments of the spinal cord and medulla oblongata
for
were removed post-fixed in the same fixative at 4
2-4 h and then cryoprotected in 20% sucrose overnight.
Serial frozen sections of 40 µm thick were cut on a Leitz
cryocut. Sections were collected in 0.01 mol/L PBS for
immunohistochemistry.
The spinal cord and medulla oblongata sections from
each rat were randomly divided into three sets. Two sets were
processed for anti-GFAP and anti-Fos immunohistochemical
staining by using avidin-biotin-peroxidase complex (ABC)
method. Briefly, free-floating tissue sections were treated
in 800 mL/L methanol containing 0.3% H2O 2 to block
endogenous peroxidase activity for 30 min at room temperature.
They were treated with 0.01 mol/L PBS containing 0.1%
Triton X100 for 20 min at room temperature. The sections
were then incubated with a polyclonal rabbit anti-Fos
antibody (1:3 000, Santa Cruz) or rabbit anti-GFAP antibody
(1:3 000 Dako) for 48 h at 4 . After that, the sections were
incubated with biotinylated goat anti-rabbit IgG (1:500,
Sigma), and subsequently with the ABC complex (1:500,
Sigma) at room temperature for 2 h each. The antigen–
antibody reaction sites were visualized by incubation with
glucose oxidase-DAB-nickel method for 15-30 min at room
temperature. The sections were rinsed in 0.01 mol/L PBS
for 3 min×10 min during the transition of these steps. The
other set group of sections was stained for GFAP and Fos
by using double immunohistochemical labeled method.
Finally, the sections were mounted onto gelatin-coated slides,
dried, dehydrated, cleared and coverslipped.
Histopathological analysis
Colon specimens that were 1 cm long and 7 cm proximal to
the anus were taken for histological assessment. They were
rapidly immersed in cold 100 mL/L neutral buffered
formalin, fixed overnight. Then they were processed
routinely and embedded in paraffin blocks, and 3-5 µm-thick
cross sections were stained with H&E and examined by
light microscope.
Measurement of the density of GFAP staining and Fos
immunoreactive neuronal counts
The density of GFAP staining and the numbers of neuronal
nuclear profiles expressing Fos were analyzed with computer
assisted QUIC Menu System. The ratio of the area of stained
GFAP to the area of outlined regions was presented as the
density of GFAP. Fos counting was done by outlining specific
regions and then, particles (stained nuclei) were counted in
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the outlined regions.
For each animal, the average for density measurements
and number counts in the spinal cord was obtained
unilaterally from five randomly selected sections. In the
medulla oblongata, four sections were selected from above
the obex, obex, the area postrema, and pyramidal decussation
levels respectively. The average for density measurements
and number counts was obtained unilaterally in the nucleus
of the solitary tract (NTS), ventrolateral medulla (VLM)
and intermediate reticular zone (IRt) from those four
section levels.
Statistical analysis
Pictures were taken under BX-60 microscope with the
support of IM50 software. All results are expressed as
mean±SD. An unpaired t-test was used to compare GFAP
density and Fos-IR cell count data between the groups. A
difference was accepted as significant, if the probability
was less than 5% (P<0.05).

RESUL
TS
RESULTS
Histopathological changes in the inflamed colon
After 3, 7, and 14 d of TNBS administration, macroscopic
and histological examination of the rat colon showed that
TNBS-induced colitis was uniform, with submucosal and
mucosal infiltration with numerous inflammatory cells,
signs of extensive ulceration, and dilated blood vessels
(Figures 1A and 1B). The colon appeared macroscopically
normal in rats that received TNBS for 28 d (Figure 1C).
The presence of inflammatory cells was minimal in the
colon of the control rats treated with saline (Figure 1D).
GFAP and Fos protein expression in the spinal cord
In the experimental animals, colonic inflammation induced
robust astrocytic activation responses after 3, 7, and 14 d
of TNBS administration. The activated glial cells were
characterized by decreased ramification, hypertrophy and
proliferation. Most activated astrocytes positive for GFAP
were distributed bilaterally in the superficial laminae
(laminae I-II) of dorsal horn, intermediolateral nucleus
(laminae V), posterior commissural nucleus (laminae X) and
anterolateral nucleus (laminae IX, Figure 2A). Mild
GFAP-IR astrocytes exhibited in the spinal cord of the rats
treated with saline (Figure 2B). The density of GFAP in the
spinal cord of experimental rats was significantly higher
after 3, 7, and 14 d of TNBS administration compared
with that of the controls (P<0.05). After 28 d of TNBS
administration, the density of GFAP in the spinal cord
decreased and was comparable to that of the control group
(P>0.05, Table 1).
The majority of Fos-IR neurons were distributed
bilaterally in L5, L6, and S1 segments of lumbo-sacral spinal
cord after TNBS administration. At various post-inflammatory
days, Fos-IR cells were mainly localized in deeper laminae
III-IV and laminae V-VI in the spinal dorsal horn (Figure 2C).
Only a few Fos-IR neurons were sparsely distributed in the
dorsal horn of the rats treated with saline (Figure 2D). After
3 d following TNBS administration, the number of Fos-IR
neurons in the dorsal horn did not increase significantly
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Figure 1 Histopathological changes of the colon. A: After 3 d of TNBS
administration, the structure of the colon was destroyed (×10); B: Numerous
inflammatory cells were infiltrated in the submucosa and mucosa of the colon

(×40); C: After 28 d of TNBS administration, only a few inflammatory cells were
infiltrated in submucosa and mucosa of the colon (×40); D: The inflammatory
cells were minimal in the colon of the rats after 3 d of saline administration (×40).

(P>0.05). With the aggravation of colonic inflammation,
the number of Fos-IR cells in the dorsal horn increased
after 7 and 14 d following TNBS injection, a significant
difference compared with that of the control group (P<0.05).
It was noted that Fos expression in the spinal cord displayed
two patterns after 28 d of TNBS administration. Few
Fos-IR neurons exhibited in the spinal dorsal horn in two
rats (12.0 and 13.3, 12.7±0.9), without significant difference
from the control (P>0.05). However, many Fos-IR neurons
presented in the spinal dorsal horn in three rats (56.7, 69.0
and 36.7, 54.1±16.3), with a significant difference compared
with that in control rats (P<0.05, Table 2).

significantly increased after 3 d of TNBS administration
compared with that of the control group (P<0.05). After 7,
14, and 28 d of TNBS administration, the density of GFAP
in MVZ decreased gradually and became comparable to
the control group (P>0.05, Table 1).
Similarly, Fos-IR neurons were primarily localized in
MVZ in the experimental animals. Fos-IR neurons in MVZ
did not increase significantly after 3 d of TNBS administration
(P>0.05). After 7 and 14 d of TNBS administration, Fos-IR
neurons in MVZ increased significantly compared with those
in control animals (P<0.05). Fos-IR cells in MVZ decreased
significantly and were comparable to those in the control
group after 28 days of TNBS administration (41.2±31.4,
P>0.05, Table 2).
In the medulla oblongata, activated astrocytes positive
for GFAP enveloped activated neurons stained for Fos
(Figure 2F).

Table 1 Density of GFAP in the spinal cord and MVZ at various
post-inflammatory days (%)
Spinal cord
Experimental

Control

MVZ
Experimental

Control

3d

50.4±16.8a

17.7±0.4

34.3±2.5a

15.9±3.9

7d

29.2±6.5a

15.5±0.6

15.6±1.8

13.0±1.6

14 d

24.1±5.6a

14.9±1.1

16.3±1.6

13.5±2.9

28 d

18.0±4.9

15.9±1.3

14.6±6.4

12.8±1.8

Table 2 Number of Fos-IR neurons in the spinal cord and MVZ at
various post-inflammatory days
Spinal cord
Experimental

Control

MVZ
Experimental

Control

a

P<0.05 vs the control.

GFAP and Fos protein expression in the medulla oblongata
In the control animals, only few GFAP-IR astrocytes exhibited
in the medulla oblongata. After TNBS administration,
GFAP-IR astrocytes increased and were primarily localized
in MVZ, which was composed of NTS, VLM, and IRt,
from the level of pyramidal decussation to the level rostral
to the obex (Figure 2E). The density of GFAP in MVZ was

3d

31.8±7.1

23.7±4.9

47.8±17.1

7d

56.7±12.3a

13.5±2.6

78.5±13.8a

40.5±15.6
52.1±17.6

14 d

57.9±14.6a

13.3±2.4

81.9±27.0a

48.8±2.2

28 d

37.5±25.5

12.2±2.6

41.2±31.4

47.9±11.9

a

P<0.05 vs the control.

DISCUSSION
It is well known that gut afferent signals reach conscious
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Figure 2 GFAP and Fos expression in the spinal cord and NTS. A: After 3 d
of TNBS administration, most activated astrocytes positive for GFAP were
distributed in the superficial laminae (laminae I-II) of dorsal horn (×20); B: Mild
GFAP-IR astrocytes exhibited in the spinal cord of rats after 3 d of saline
administration (×20); C: After 14 d of TNBS administration, Fos-IR cells were
mainly localized in deeper laminae III-IV and laminae V-VI in the spinal dorsal

horn (×10); D: Only a few Fos-IR neurons were sparsely distributed in the
dorsal horn after 7 d of saline administration (×10); E: After 3 d of TNBS
administration, GFAP-IR glial cells increased and were primarily localized in
NTS (×10); F: After 3 d of TNBS administration, activated astrocytes positive for
GFAP enveloped activated neurons stained for Fos in the medulla oblongata
(×40).

perception through a three-neuron chain. The second-order
neuron, whose cell body is in the dorsal horn of the spinal
cord, converge visceral and somatic afferents[6]. In the rat,
the descending colon is innervated by sensory afferent fibers
in the pelvic nerve projecting to the lumbar-sacral (L6-S2)
spinal cord[7]. MVZ is an arch zone extending from the
dorsomedial area across reticular formation to VLM. It is
situated in the middle-caudal segment of the medulla
oblongata, from the level of the pyramidal decussation
to the level, rostral to the obex. MVZ is a relay station
predominantly transmitting visceral sensory information, and
takes part in perception of noxious stimulation[8]. Because
of the importance of the lumbo-sacral spinal cord segments
and MVZ in transmitting visceral signals, we studied the
responses of astrocytes and neurons induced by colonic
inflammation in these tissues.
Studies have shown that astrocytes may respond to a
number of stimulations, such as somatic and visceral
inflammation [3,9], nerve injuries [10] and bone cancer [11].
Activated astrocytes may involve in mediating hyperalgesia

and chronic pain. The activated astrocytes are characterized
by decreased ramification, hypertrophy, proliferation, and
the up-regulation of immunoregulatory molecules[12]. GFAP
are distributed in the cytoplasm of many types of glial
cells. GFAP expression is low in the intact adult CNS, but
increases after astrocytic activation [13]. Sweitzer et al.,
reported that acute peripheral inflammation induced by
subcutaneous injection of formalin and zymosan resulted
in increased expression of GFAP in astrocytes. Astrocytic
activation has been implicated in regenerative processes and
synaptic remodeling that may be detrimental when aberrant
processing ensues, leading to chronic pain states[1].
In our experiment, colonic inflammation induced robust
astrocytic activation responses after 3, 7, and 14 d of TNBS
administration. Most activated astrocytes positive for GFAP
were distributed bilaterally in the superficial laminae
(laminae I-II) of dorsal horn. These results are consistent
with other studies. In a rat model of bone cancer, significant
enhancement of GFAP staining was described in the
superficial laminae of the ipsilateral spinal cord[11]. Watkins
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et al., have shown that astrocytes were able to release nerve
growth factor (NGF), which exerts its pain modulatory
actions on primary afferents. Furthermore, primary afferents
expressing high affinity NGF receptors terminate exclusively
in laminae I and the outer region of laminae II. Astrocytes
in the intermediolateral nucleus (laminae V), posterior
commissural nucleus (laminae X) and anterolateral nucleus
(laminae IX) were also activated after 3, 7, and 14 d of
TNBS administration. In the lumbo-sacral spinal cord, cell
bodies of parasympathetic nerve are located in intermediolateral
nucleus i.e., is parasympathetic sacral nucleus. Somatic and
visceral afferents converge at posterior commissural nucleus.
Therefore, astrocytic responses in these nuclei were directly
activated by colonic inflammation. Astrocytic activation in
anterolateral nucleus might be related to diarrhea induced
by TNBS administration.
The timing of the changes of GFAP is relevant to the
mode by which astrocytes are activated. A rapid increase
in GFAP-IR has been reported to occur between 30 min
and 3 h and then a secondary increase which follows
approximately 3 d later. GFAP-IR in the trigeminal ganglion
in response to dental injury reported by Stephenson et al.,
appeared by 3 d and was most intense by 7 d[4]. Astrocytic
activation in the spinal cord segments increased 42 d after
lumbar root injury [14]. Chudler et al., proposed that the
persistence of GFAP-IR 59 d after nerve injury suggested
GFAP was involved in the long-term recovery of injured
neurons[15]. In the experimental rats, the density of GFAP
in lumbo-sacral spinal cord and MVZ was most intense
by 3 d and decreased gradually after TNBS administration.
After 7 and 14 d of TNBS administration, the density of
GFAP in the spinal cord was still significantly higher
compared with that of the controls (P<0.05). However,
the density of GFAP in MVZ became comparable to that
of the control group (P>0.05). This result suggested that
astrocytic activation in the spinal cord lasted much longer
than that in MVZ. The response of astrocytes in both the
spinal cord and MVZ decreased significantly with the
recovery of colonic inflammation.
The evoked expression of the immediate-early-geneencoded protein, Fos, serves as a quantifiable marker to
identify neuronal populations activated by noxious somatic
and visceral stimulation[16]. Fos protein is thought to be a
nuclear third messenger coupling short-term extracellular
signals with long-term alterations in cell function[17]. Thus,
Fos protein expression can be used to study long-term
changes in stimulus-induced neuronal activity[18]. We found
that Fos-IR cells were mainly localized in deeper laminae
III-IV and laminae V-VI in the spinal dorsal horn over
time in experimental groups. Only a few Fos-IR neurons
were sparsely distributed in the superficial laminae I-II in
the dorsal horn. This suggested that persistent noxious
visceral stimulation induced Fos expression to a greater extent
in deeper laminae than in the superficial ones in the spinal
dorsal horn. These results are in line with the spatial
distribution of Fos protein in the lumbar spinal dorsal horn
in rats following chronic adjuvant-induced arthritis[19] and
chronic constriction injury to the sciatic nerve[20]. The study
of Imbe et al., showed that Fos-IR cells might spread from
the superficial laminae to deeper ones in the dorsal horn
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when deep tissue inflammation persisted[18].
The timing changes of Fos expression differed from
that of GFAP. After 3 d following TNBS administration,
the number of Fos-IR neurons in the spinal dorsal horn
and MVZ did not increase significantly. With intensification
of colonic inflammation, the number of Fos-IR cells both
in the dorsal horn and in MVZ increased significantly after
7 and 14 d following TNBS administration. After 28 d of
TNBS administration when colonic inflammation recovered,
Fos-IR cells in MVZ decreased significantly and were
comparable to those in the control group. However, a lot
of Fos-IR neurons still presented in the spinal dorsal horn
in three experimental rats. Although it is not known exactly
whether increased central hyperexcitability contributes to
greater Fos protein expression following inflammation.
The study of Zimmerman and Herdegen suggested that
the increase in Fos may be a necessary pre-requisite for the
development of chronic pain and allodynia, because
increased expression of the gene product renders the neurons
susceptible to subsequent stimuli[21]. The development of
neuronal activation in the lumbo-sacral dorsal horn may
play a role in visceral hypersensitivity.
Astrocytes display an intimate structural relationship
with the neurons that they envelope in the CNS. Gap
junctions between astrocytes have been demonstrated using
the freeze-fracture technique and adherents junctions
between neurons and astrocytes have been observed in
many species[4]. In addition to the morphological associations
between neurons and astrocytes, there appears to be a wide
range of functional interactions between these cells. Duan
et al., reported that the number of connexin32/connexin43
gap junction (HGJ) between neurons and astrocytes in rat
supraoptic nuclei was significantly increased following
hyperosmotic stimuli. They proposed HGJ may be a rapid
adaptive signal structure between neurons and astrocytes in
response to stimulation. Apart from playing roles in synaptic
remodeling and providing neurotrophic support for
regenerating neurons, astrocytes which are known to express
both voltage gated sodium channels and glutamate receptors
could serve as sensors for neuronal activity or injury[22].
The present study has shown that GFAP-IR astrocytes and
Fos-IR neurons distributed similarly in deeper laminae of
the spinal dorsal horn and MVZ, especially in the
commissural subnucleus inside NTS. This suggested that
colonic inflammation could not only induce neuronal
activation in visceral transmitting chain, but also induce
astrocytic responses via signal interactions between neurons
and astrocytes.
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Abstract
AIM: To investigate the frequency and distribution of
N-acetyltransferase 2 (NAT2) and uridine 5’-diphosphate
(UDP)-glucuronosyltransferase 1A7 (UGT1A7) genes in
patients with ulcerative colitis (UC) and Crohn’s disease (CD).
METHODS: Frequencies and distributions of NAT2 and
UGT1A7 SNPs as well as their haplotypes were investigated
in 95 patients with UC, 60 patients with CD, and 200
gender-matched, unrelated, healthy, control volunteers
by PCR-restriction fragment length polymorphism (RFLP),
PCR-denaturing high-performance liquid chromatography
(DHPLC), and direct DNA sequencing.
RESULTS: Multiple logistic regression analysis revealed
that the frequency of haplotype, NAT2*7B, significantly
increased in CD patients, compared to that in controls
(P = 0.0130, OR = 2.802, 95%CI = 1.243-6.316). However,
there was no association between NAT2 haplotypes and
UC, or between any UGT1A7 haplotypes and inflammatory
bowel disease (IBD).
CONCLUSION: It is likely that the NAT2 gene is one of

the determinants for CD in Japanese. Alternatively, a new
CD determinant may exist in the 8p22 region, where NAT2
is located.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Chronic inflammatory bowel disease (IBD) is a multi-factorial
disorder characterized by non-specific inflammation of the
gastrointestinal tract with an increase in the permeability to
xenobiotics in the intestinal mucosa, finally resulting in intestinal
malabsorption and immune defense abnormalities [1,2].
Ulcerative colitis (UC) and Crohn’s disease (CD) are the
major forms of IBD. Although the precise etiology of IBD
remains unknown, not only several environmental factors,
such as dietary components and microorganisms, but also
genetic factors may contribute to the occurrence of this
disorder[3,4]. Recently, extensive molecular genetic studies
have been launched to identify genes underlying the etiology[5].
One of them is the caspase activating recruitment domain
15/nucleotide oligomerization domain 2 gene (CARD15/
NOD2) located at 16q12. Although mutations in NOD2
are observed frequently in Caucasian patients with CD, but
not with UC[6,7], they have rarely been found in Japanese
CD patients [8,9], suggesting that NOD2 is not a major
determinant for CD in Japanese.
We have particularly focused on genes for Nacetyltransferase 2 (NAT2) and uridine 5’-diphosphate
(UDP)-glucuronosyltransferase 1A7 (UGT1A7) as candidates
susceptible to IBD, because they are expressed in the
gastrointestinal tract and play a role in biochemical barriers
against internal and external xenobiotics[10-12]. Diminution
or disturbance of these barriers might result in increased
permeability to xenobiotics in the gastrointestinal tract, and
subsequently their accumulation in the body, probably leading
to the development of IBD. N-acetyltransferases (NATs)
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are the enzymes catalyzing N-acetylation (deactivation) of
a variety of carbocyclic and heterocyclic arylamines by
means of transferring acetyl-CoA to the amino or hydroxyl
side chain of arylamines in metabolism of the phase II
reaction[10]. NATs are encoded by two genes, NAT1 and
NAT2, both are located at 8p22. NAT1 is ubiquitously
expressed, while the expression of NAT2 is confined to
the gastrointestinal tract and liver[10]. The UDP-glucuronosyltransferase 1 family genes located at 2q37 consist of nine
functional genes, UGT1A1, UGT1A3-10, which catalyze
the glucuronidation of small lipophilic agents by means of
conversion of hydrophobic substrates to inactive hydrophilic
UDP-glucuronides, and are expressed in a tissue-specific
fashion in the gastrointestinal tract and liver. In particular,
UGT1A7 is expressed exclusively in the gastrointestinal tract
and lung, but not in the liver[13-15]. The degree of metabolism
with regard to both NAT2 and UGT1A7 varies among
individuals, suggesting the presence of genetic variations
contributing to the metabolic activation capacity. Current
studies have shown an association between NAT2 or
UGT1A7 polymorphisms and various diseases, i.e., systemic
sclerosis and systemic lupus erythematosus [16] , drug
toxicity [17,18], orolaryngeal cancer[19], esophageal cancer[20],
colorectal cancer[21,22], pancreas cancer[23], hepatocellular
carcinoma[15,24], or bladder cancer[25].
Here we report the results of studies on association
between NAT2 or UGT1A7 and IBD in Japanese using
six and three polymorphic haplotypes in the two genes,
respectively.

MA
TERIALS AND METHODS
MATERIALS
Subjects
The subjects studied comprised 95 patients with UC, 60
patients with CD, and 200 gender-matched, unrelated, healthy
volunteers, and were further characterized as listed in
Table 1. All participants were Japanese, who were randomly
recruited from eight general health clinics in the Nagasaki
area in Japan. The study protocol was approved by the
Committee for the Ethical Issue on Human Genome and
Gene Analysis in Nagasaki University, and written informed
consent was obtained from each participant. Diagnosis of
IBD was made according to endoscopic, radiological,
histological, and clinical criteria provided by both the Council
for International Organizations of Medical Sciences in
WHO and the International Organization for the Study of
Inflammatory Bowel Disease[26-28]. Patients with indeterminate
colitis, multiple sclerosis, systemic lupus erythematosus, or
other recognized autoimmune diseases were excluded from
the subjects studied.
Table 1 Clinical characteristics of study subjects
Characteristic
Number of subjects
Age range (yr)

Disease
UC

CD

95
14–83

60
17–75

P<0.01 vs control.

Determination of NAT2 polymorphisms
Genomic DNA was extracted from peripheral whole blood
of each individual using the DNA Extractor WB-rapid Kit
(Wako, Osaka, Japan) according to the manufacturer’s
protocol. Single nucleotide polymorphisms (SNPs) of NAT2
deposited in SNP-database[29] were determined with the
PCR-restriction fragment length polymorphism (RFLP)
method using primer pairs and protocol described by Leff
et al.[30]. The PCR-RFLP method was modified in order to
distinguish among all known NAT2 SNPs [29]. In brief,
polymorphic region in NAT2 was amplified by PCR with a
GeneAmp PCR system 9700 thermal cycler (Applied
Biosystems, Foster City, CA, USA) using 250 ng of genomic
DNA in a 50-µL reaction containing 10 mmol/L Tris-HCl,
pH 8.3, 50 mmol/L KCl, 1.5 mmol/L MgCl2, 0.2 mmol/L
each dNTP, 500 ng of forward primer: 5’-GGCTATAAGAACTCTAGGAAC-3’, 500 ng of reverse primer: 5’AAGGGTTTATTTTGTTCCTTATTCTAAAT-3’, and
2.0 U Taq DNA polymerase. The amplification protocol
for 5 min; 35 cycles
comprised initial denaturation at 94
for 30 s, annealing at 55
for
of denaturation at 94
for 30 s; and a final extension
30 s, and extension at 72
for 5 min. PCR product of 896 bp was digested
at 72
by restriction enzymes (TaKaRa Biomedical, Shiga, Japan).
Three SNPs, C190T, G191A, and A434C, were detected
by digestion with MspI. Likewise, C282T, C481T, or G857A
was detected by digestion with FokI, KpnI, or BamHI,
respectively. T111C, G590A, and C759T were detected by
digestion with TaqI. These fragments were subjected to
electrophoresis on 2% agarose or 5% polyacrylamide gel,
and visualized with UV transilluminator (Alpha Innotech,
CA, USA) after ethidium bromide staining. Moreover,
T341C, A803G, and A845C were detected by further
nested PCR. Amplified NAT2 product (1 µL) was used as a
template in a 25-µL reaction containing 10 mmol/L Tris-HCl,
pH 8.3, 50 mmol/L KCl, 1.5 mmol/L MgCl2, 0.2 mmol/L
each dNTP, 250 ng of forward primer: 5’-CACCTTCTCCTGCAGGTGACCG-3’ and reverse primer: 5’TGTCAAGCAGAAAATGCAAGGC-3’ for T341C and
A803G, or 250 ng of forward primer: 5’-TGAGGAAGAGGTTGAAGAAGTGCT-3’ and reverse primer: 5’AAGGGTTTATTTTGTTCCTTATTCTAAAT-3’ for
A845C, and 0.5 U Taq DNA polymerase. The amplification
for 5 min;
protocol comprised initial denaturation at 94
for 30 s, annealing at
35 cycles of denaturation at 94
for 30 s, and extension at 72
for 30 s; and a final
62
for 5 min. The former nested PCR
extension at 72
products were digested with AciI and DdeI (New England
BioLabs Inc., MA, USA) to detect T341C and A803G,
respectively. The latter products were digested with
DraIII (New England BioLabs Inc.) to detect A845C. All
these products were subjected to electrophoresis on 6%
polyacrylamide gel, and visualized as described above.

Control
200
20–60

Age (mean±SD)
44.4±16.4b
35.0±12.6
32.5±11.1
Male/female (%) 53 (55.8)/42 (44.2) 35 (58.3)/25 (41.7) 125 (62.5)/75 (37.5)
b
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Determination of UGT1A7 polymorphisms
Four SNPs have been known within UGT1A7-exon 1[15]. A
SNP at codon 11 is a silent mutation. SNPs at codons 129
and 131 lying in a linkage disequilibrium (LD) block were
detected by PCR-denaturing high-performance liquid
chromatography (DHPLC) with an automated HPLC
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instrument (WAVETM, Transgenomic, CA, USA), and by
direct DNA sequencing with ABI 310 (Applied Biosystems,
Foster City, USA). A DNA fragment containing codons 129
and 131 was amplified by PCR using 125 ng of genomic
DNA in a 25-µL reaction containing 10 mmol/L Tris-HCl,
pH 8.3, 50 mmol/L KCl, 1.5 mmol/L MgCl2, 0.2 mmol/L
each dNTP, 500 ng of forward primer: 5’-CCGGGAGTTCATGGTTTTT-3’, 250 ng of reverse primer: 5’CACAGAGGGGAGGGAGAAAT-3’, and 1.0 U Taq DNA
polymerase, generating a 260-bp fragment. Amplification
for 5 min;
protocol comprised initial denaturation at 94
for 30 s, annealing at
35 cycles of denaturation at 94
for 30 s, and extension at 72
for 30 s; and a final
55
for 5 min. PCR products were used for
extension at 72
DHPLC analysis. The temperature required for successful
resolution of heteroduplex molecules was determined to
according to the manufacturer’s protocol.
be 56.8
Another SNP at codon 208 was detected by PCR-RFLP
using primer pair of 5’-GCATGAGGTGGTCGTCGTCA3’/5’-CATCACGGGTTTGGGATACT-3’, as in the NAT2
SNP-detection. After digestion of PCR products by RsaI
(Promega, WI, USA), the fragments were subjected to
electrophoresis on 2% agarose gel, and visualized as
described above.
Statistical analysis
Gender and age value among the subjects were evaluated
by χ2 test and unpaired Student’s t test, respectively. Allele
frequencies were estimated by the gene-counting method,
and χ2 test was used to identify significant departures from
the Hardy-Weinberg equilibrium. Subsequently, the odds
ratio (OR) with 95% confidence interval (95%CI) was
calculated by multiple logistic regression analysis using the
JMP program package (version 5, SAS Institute, Cary, NC,
USA) and the StatView program package (version 5, SAS
Institute). Haplotype and genotype frequencies were
compared between individuals with and without haplotype
or genotype, using χ2 test. A P value of 0.05 or less was
considered statistically significant.

RESUL
TS
RESULTS
Haplotype frequencies of NAT2
We identified six haplotypes composed of six SNPs among
the subjects examined (Table 2). The haplotype “NAT2*4”
comprising 69.5% of controls was wild-type, while five
other haplotypes were variants. Distributions of the
haplotypes in our study population were well corresponded
to the Hardy-Weinberg equilibrium (Table 2). The results
implied that the population we studied had a homogeneous
genetic background, being consistent with the previous
observations[31-33]. However, since the frequencies of three
haplotypes, NAT2*5B, NAT2*11, and NAT2*13, were
very low, they were not considered for subsequent multiple
logistic regression analysis.
The frequency of haplotype “NAT2*7B” composed of
two SNPs (C282T and G857A) significantly increased in
patients with CD, compared to that in controls (P = 0.0130,
OR = 2.802, 95%CI: 1.243-6.316, Table 3). In contrast,
there was no difference in frequency of NAT2*7B between
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patients with UC and controls (P = 0.3338, OR = 1.436,
95%CI: 0.689-2.992). Of the 60 CD patients, 17 (28.3%)
had NAT2*7B, the incidence being significantly higher than
that (32/200, 16.0%) in controls (P = 0.032, OR = 2.076,
Table 4). These results indicated that the haplotype
NAT2*7B was associated with the susceptibility to CD, but
not to UC.
Cascorbi et al. [34] , and Gross et al. [35], have shown a
relationship between genotypes of NAT2 polymorphism
and phenotypes. The haplotypes NAT2*4, NAT2*11, and
NAT2*13, code for the rapid acetylator phenotype, while
NAT2*5B, NAT2*6A, and NAT2*7B, code for the slow
acetylators. According to their reports, we divided the
subjects in to two groups: the rapid acetylators comprised
homozygous and heterozygous carriers of the haplotypes
NAT2*4, NAT2*11, or NAT2*13 and the slow acetylators
comprised all homozygous carriers of the other haplotypes.
The frequency and distribution were compared between
these groups, but there were no significant differences in
frequencies of these estimated phenotypes among patients
with UC, CD, and controls (data not shown).

Table 2 Distributions of six NAT2-haplotypes in patients with UC/CD
and controls
Haplotype

Number (%) of subjects with haplotype

SNP

UC
CD
Control
(allele = 190) (allele = 120) (allele = 400)

NAT2*4

None

122 (64.2)

77 (64.2)

NAT2*5B
NAT2*6A

T341C, C481T, A803G
C282T, G590A

3 (1.6)
43 (22.6)

1 (0.8)
21 (17.5)

278 (69.5)
2 (0.5)
79 (19.75)

NAT2*7B
NAT2*11

C282T, G857A
C481T

20 (10.5)
0 (0)

18 (15.0)
1 (0.8)

35 (8.75)
1 (0.25)

NAT2*13

C282T

2 (1.1)

2 (1.7)

5 (1.25)

Table 3 Comparisons of frequencies of NAT2-haplotypes among
study subjects by multiple logistic regression analysis
Haplotype
UC patients vs controls
NAT2*4
NAT2*6A
NAT2*7B
CD patients vs controls
NAT2*4
NAT2*6A
NAT2*7B

P

Odds ratio

95% confidence
interval

0.6823

0.809

0.293–2.232

0.5621
0.3338

1.183
1.436

0.671–2.084
0.689–2.992

0.2616

2.162

0.563–8.304

0.3898
0.0130

1.349
2.802

0.682–2.670
1.243–6.316

Table 4 Number of subjects with or without haplotype NAT2*7B
NAT2*7B
Presence
Absence

UC
(n = 95, %)

CD
(n = 60, %)

19 (20.0)
76 (80.0)

17 (28.3)
43 (71.7)

Control
(n = 200, %)
32 (16.0)
168 (84.0)

CD patients vs controls: P = 0.032, OR = 2.076.

Haplotype frequencies of UGT1A7
We detected two SNPs at codons 129 and 131 of UGT1A7
by DHPLC with 100% accuracy, as confirmed by direct
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DNA sequencing. Subsequently, on the basis of the results
by PCR-DHPLC and PCR-RFLP, three haplotypes,
UGT1A7*1, UGT1A7*2, and UGT1A7*3, were determined
in the Japanese population studied (Table 5). The UGT1A7*1
haplotype was wild-type, UGT1A7*2 and UGT1A7*3 were
identified as variants, while another haplotype, UGT1A*4,
was not observed, indicating that it was very rare in Japanese.
There were no significant differences in frequencies of
haplotypes and genotypes among patients UC, CD, and
controls (data not shown).

Table 5 Distributions of three UGT1A7 haplotypes among study
subjects

August 21, 2005 Volume 11 Number 31

susceptibility regions at 16q12 (IBD1), 12p13 (IBD2), 6p21
(IBD3), 14q11 (IBD4), 19p13 (IBD5), 5q31-q33 (IBD6),
1p36 (IBD7), and at 16p (IBD8)[5,38,39]. Our results indicate
the existence of a new CD determinant at an LD region
of 8p22, even if it is not NAT2 it-self. It remains to be
confirmed whether the association is reproducible in larger
Japanese samples as well as in other populations.
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Number (%) of subjects with haplotype

Haplotype

SNP

UGT1A7*1

None

120 (63.2)

69 (57.5)

242 (60.5)

UGT1A7*2
UGT1A7*3

T387G, C391A, G392A
T387G, C391A, G392A,

29 (15.3)
41 (21.6)

24 (20.0)
27 (22.5)

55 (13.8)
103 (25.7)

UGT1A7*4

T622C
T622C

0 (0)

0 (0)

0 (0)

UC
CD
Control
(allele = 190) (allele = 120) (allele = 400)
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Abstract
AIM: To demonstrate the prevalence of sonographic fatty
liver, overweight and ischemic heart disease (IHD) among
the male workers in Taiwan, and to investigate the possible
association of these three factors.
METHODS: From July to September 2003, a total of
2 088 male aircraft-maintenance workers aged from 22
to 65 years (mean 40.5) underwent an annual health
examination, including anthropometrical evaluation, blood
pressure measurement, personal medical history assessment,
biochemical blood analysis, abdominal ultrasonographic
examination and digital electrocardiography (ECG). The
Student’s t-test, χ2 test and multivariate logistic regression
analysis were utilized to evaluate the relationship between
IHD and salient risk factors.
RESULTS: The all-over prevalence of overweight was
41.4%, and that of fatty liver was 29.5% (mild, moderate
and severe fatty liver being 14.5%, 11.3%, and 3.7%,
respectively); while the prevalence of ischemic changes
on ECG was 17.1% in this study. The abnormal rates for
conventional IHD risk factors including hypertension,
dyslipidemia, hyperglycemia and overweight increased in
accordance with the severity of fatty liver. Overweight
and severity of fatty liver were independently associated
with increased risks for developing IHD. Overweight
subjects had a 1.32-fold (95%CI: 1.01-1.73) increased
IHD risk. Participants with mild, moderate, and severe
fatty liver had a 1.88-fold (95%CI: 1.37-2.6), 2.37-fold
(95%CI: 1.66-3.37) and 2.76-fold (95%CI: 1.62-4.72)
increased risk for developing IHD. The prevalence of
ischemic ECG for the fatty liver-affected subjects with or
without overweight was 30.1% and 19.1%, while that of
overweight subjects free from fatty liver was 14.4%.
Compared to the subjects without fatty liver nor overweight,
IHD risk for the three subgroups above was as follows:
OR: 2.95 (95%CI: 2.31-4.09), OR: 1.60 (95%CI: 1.07-2.39)
and OR: 1.11 (95%CI: 0.78-1.56), respectively.

CONCLUSION: The presence of fatty liver and its severity
should be carefully considered as independent risk factors
for IHD. Results of the study suggest the synergistic effect
between fatty liver and overweight for developing IHD.
Abdominal sonographic examination may provide valuable
information for IHD risk assessment in addition to limited
report about liver status, especially for overweight males.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Fatty change in the liver is closely associated with overweight
status and metabolic impairments such as hyperglycemia,
and dyslipidemia[1-3] which are also regarded as factors for
atherosclerosis[1,4,5] and ischemic heart disease (IHD)[6-9].
However, the association between fatty liver and IHD is
waiting for epidemiological investigation.
Since resting electrocardiogram (ECG) and abdominal
sonographic examination are two routine, non-invasive health
examinations used in medical check-ups in Taiwan[10-15], we
had the opportunity to examine the association between
fatty liver and ischemic ECG changes, the hallmark of IHD
and strong predictor for cardiac events[16-18].
The purpose of this study was to evaluate the relationships
between fatty liver and IHD utilizing epidemic data. Data
analyses were controlled for conventional risk factors,
especially overweight.
MA
TERIALS AND METHODS
MATERIALS
Subjects
Records from a total of 2 088 male aircraft maintenance
workers who underwent a periodic health examination from
July to September 2003.
Methods
The health examinations included anthropometrical
evaluation, measurement of weight and height, systolic and
diastolic blood pressure. Definition of overweight was BMI
25 kg/m2, based on WHO criteria[19]. A questionnaire
about personal medical history, including alcohol (usage
more than once a week: yes vs no) and tobacco (current
usage: yes vs no) consumption was filled by the examinees.
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Biochemical blood tests were conducted by Hitachi
autoanalyzer model 7150 (Hitachi Corp, Tokyo, Japan),
including fasting plasma glucose, levels of triglyceride, and
total, low, and high-density lipoprotein (LDL, HDL)
cholesterol. The definition of hypertension was systolic blood
pressure 18.7 kPa or diastolic blood pressure 12 kPa.
The cut points of hyperglycemia, hypocholesterolemia,
hypercholesterolemia, and hypertriglyceridemia were fasting
sugar 6.1 mmol/L, HDL <1.0 mmol/L, total cholesterol
5.2 mmol/L and triglyceride 17.0 mmol/L.
Abdominal ultrasonographic examinations were performed
using convex-type real-time electronic scanners (Toshiba
SSA-340 with 3.75 MHz convex-type transducer) by three
gastrointestinal specialists who were blind to the medical
history and blood test results of the examinees. The definition
of ultrasonic fatty liver was based on a comparative assessment
of image brightness relative to the kidneys, in line with
previously reported diagnostic criteria[10,20-23]. Severity of fatty
liver was classified according to the following modified
scoring system[10,13,15,22,23]: brightness compared to kidneys
(0-3), blurring of gall bladder wall (0-3), blurring of hepatic
veins (0-3), blurring of portal vein (0-3), far gain attenuation
(0-3). Severity was defined as mild (total scores of 2-6),
moderate (7-10), and severe (11-15) fatty liver.
A digital electrocardiograph recorder (Kenz Cardico
1207; Suzuken Co., Ltd 8, Higashi Kataha-machi, Higashiku Nagoya 461-8701, Japan.) was used for IHD assessment.
IHD was defined based on evidence of resting ECG ischemic
abnormalities, as expressed in computerized Minnesota code
(1.1.×-1.3.×, 4.1.×-4.4.×, 5.1.×-5.3.×)[12,16-18].
The Student’s t and χ2 tests were used for analyzing
continuous variables and categorical variables, respectively.
Multivariate logistic regression was utilized to evaluate the
relationship between IHD and salient risk factors. SAS
software was used for statistical analysis (Version 8.0; SAS
Institute, Cary, NC, USA).

RESUL
TS
RESULTS
After 63 cases whose data were incomplete (e.g., biochemical
blood test, questionnaire) were excluded, a total of 2 025
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subjects were enrolled in the final analysis. The excluded subjects
had a similar distribution of anthropometric measurement
and biochemical data as subjects in final analysis.
As shown in Table 1, the age for this sample population
ranged from 22 to 63 years (mean, 40.5), the mean value
of BMI was 24.6 kg/m 2. The over-all prevalence of
overweight was 41.4%, while that of fatty liver was 29.5%.
The prevalence of ischemic changes in the resting ECG was
17.1%. The means and standard deviations for serum blood
sugar and atherogenic lipid profile were 5.7±1.1 mmol/L
of fasting sugar, 5.1±0.9 mmol/L of total cholesterol,
1.3±0.3 mmol/L of HDL cholesterol, 3.3±0.8 mmol/L
of LDL cholesterol, and 17.1±13.9 mmol/L of triglyceride.

Table 1 Baseline characteristics of middle-aged male workers in
Taiwan from a periodic health examination (mean±SD, n = 2 025)
Risk factor
Age (yr)
Height (cm)
Body weight (kg)
BMI (body mass index) (kg/m2)
Systolic blood pressure (kPa)
Diastolic blood pressure (kPa)
Fasting sugar (mmol/L)
Cholesterol total (mmol/L)
Cholesterol HDL (mmol/L)
Cholesterol LDL (mmol/L)
Triglyceride (mmol/L)
ECG with ischemic changes (n, %)
Fatty liver (n, %)
Overweight (n, %)
Smoking (n, %)
Alcohol use (n, %)

Value

Range

40.5±9.9
169.6±6.3
70.9±10.6
24.6±3.3
17.1±2.2
10.6±1.6
5.7±1.1
5.1±0.9
1.3±0.3
3.3±0.8
17.1±13.9
347
597
839
702
444

22.0-63.0
150.1-191.1
42.8-121.9
15.6-40.6
11.7-27.5
6.7-17.3
3.0-24.5
2.6-9.3
0.2-4.0
1.2-7.1
3.1-171.1
(17.1)
(29.5)
(41.4)
(34.7)
(21.9)

Risk-factor distribution among subgroups stratified
according to the severity of fatty liver, is presented in Table 2.
The prevalence of mild, moderate and severe fatty liver was
14.5%, 11.3%, and 3.7%, respectively. The abnormal rates
for conventional IHD risk factor including hypertension,
dyslipidemia, hyperglycemia and overweight increased in
accordance with the severity of fatty liver (Figure 1).

Table 2 Assessment of risk factors stratified according to severity of fatty liver (FL)
n = 2 205
Risk factors

Non FL
1 428 (70.5%)

Mild FL
294 (14.5%)

Moderate FL
228 (11.3%)

Severe FL
75 (3.7%)

Age (yr)
BMI (body mass index) (kg/m2)

39.8±9.9
23.9±3.1

41.8±9.9a
25.0±2.6a

42.7±9.4 c
26.9±2.7 c

42.6±9.5 e
29.0±3.1 e

Systolic blood pressure (kPa)
Diastolic blood pressure (kPa)

16.9±2.2
10.5±1.6

17.2±2.1a
10.6±1.4a

17.5±2.2 c
10.9±1.5 c

18.3±2.6 e
11.4±1.7 e

Fasting sugar (mmol/L)
Cholesterol total (mmol/L)

5.6±1.0
5.0±0.9

5.8±1.2a
5.2±0.9a

6.0±1.5 c
5.3±0.9 c

6.1±1.6 e
5.3±0.9 e

Cholesterol HDL (mmol/L)
Cholesterol LDL (mmol/L)

1.3±0.3
3.3±0.8

1.2±0.2a
3.5±0.8a

1.1±0.2c
3.4±0.8 c

1.1±0.2 e
3.4±0.9 e

Triglyceride (mmol/L)
ECG with ischemic changes (n, %)

15.0±11.1
191 (13.4)

18.2±13.1a
67 (22.8) a

26.3±20.9 c
64 (28.1) c

27.3±22.3 e
25 (33.3) e

Overweight (n, %)
Smoking (n, %)

457 (32.0)
491 (34.4)

143 (48.6) a
106 (36.1)

170 (74.6) c
84 (36.8)

69 (92.0) e
21 (28.0)

Alcohol usea (n, %)

304 (21.3)

73 (24.8)

54 (23.7)

13 (17.3)

a

P<0.05 vs non FL group; cP<0.05 vs non FL group; eP<0.05 vs non FL group.

Abnormal rate (%)
of risk factors
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Table 3 Multivariate logistic regression analysis for the risk factors
for IHD

Non-fatty liver
Mild fatty liver
Moderate fatty liver
Severe fatty liver

Risk factors
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95% CI

Age (yr)

0.99

0.97-1.00

Systolic blood pressure

1.01 a

1.003-1.03

Diastolic blood pressure

0.99

0.97-1.01

Fasting sugar

1.00

1.00-1.006

Cholesterol total

0.99

0.98-1.007

Cholesterol HDL

1.01

1.00-1.03
0.99-1.02

Cholesterol LDL

1.01

Triglyceride

1.00

1.00-1.003

Overweight

1.32 a

1.01-1.73

Fatty liverb
Mild fatty liver

1.88 a

1.37-2.60

Moderate fatty liver

2.37 a

1.66-3.37

Severe fatty liver

2.76d

1.62-4.72

Smoking

0.85

0.65-1.10

Alcohol consumption

1.054

0.79-1.41

IHD risk factors stratified by the severity of fatty liver
Figure 1 Abnormal rates of IHD risk factors for middle-aged male workers in
Taiwan.

Odds ratio

a

P<0.05 vs Non FL group; bP<0.001 vs Non FL group; dP <0.0001 vs Non FL group.

Multivariable analysis and odds ratios for IHD are
summarized in Table 3. Results showed that overweight,
increased systolic blood pressure and fatty liver severity
were independently associated with IHD risk. Overweight
subjects had a 1.32-fold (95%CI: 1.01-1.73) increased IHD
risk. Participants with mild, moderate, and severe fatty liver
experienced a 1.88-fold (95%CI: 1.37-2.60), 2.37-fold
(95%CI: 1.66-3.37), and 2.76-fold (95%CI: 1.62-4.72)
increased risk for developing IHD.
The prevalence of ischemic ECG and odds ratios (OR)
for IHD of the middle-aged male workers in Taiwan, stratified
according to overweight and fatty liver status, are presented
in Table 4. The prevalence of ischemic ECG and the risk
for IHD of the fatty liver-affected subjects with or without
overweight and the overweight subjects free from fatty liver
was 30.1%, OR: 2.95 (95% CI: 2.31-4.09), 19.1%, OR:1.60
(95% CI: 1.07-2.39) and 14.4%, OR: 1.11 (95% CI: 0.78-1.56),
respectively, compared to the subjects without fatty liver
nor overweight. Result of test for interaction between fatty
liver and overweight was significant (P<0.05).

DISCUSSION
Stress test or even coronary catheterization examination
naturally has better specificitiy in IHD diagnosis, and biopsy
of liver is the gold standard for hepatosteatosis. However,
in the viewpoints of safety, ethic and screening purpose,
resting ECG and abdominal sonographic examination have
acceptable reliability and are practical tools of epidemiological survey[10,16-18,21].
Our study indicates that adult male workers with fatty
liver are more likely to develop IHD compared to subjects

without fatty liver. This finding is compatible to previous
studies demonstrating that fatty liver, as a developer of oxidative
stress plays a cardinal role in cardiac dysfunction[24,25]. Of
particular significance is the fact that non-overweight subjects
with fatty liver experience a significantly increased IHD
risk (OR: 1.6). As Park et al.[26], concluded, for non-obese
men with fatty liver, systemic inflammatory response increases,
and systemic inflammatory response is the integral part of
the atherosclerotic process[27,28]. IHD prevention for nonoverweight subjects having fatty liver should be emphasized
in clinical practice.
Findings of this study show a synergistic interaction
between fatty liver and overweight, this combination makes
middle-aged males have significantly highest IHD risk (OR:
2.95) in the four entities (Table 4). Similar findings have
been shown in studies about insulin resistance[7,10,26,29-31], these
studies manifested that both overweight and fatty liver are
closely correlated with insulin resistance, which aggravates
the atherogenic metabolic process[32,33], accelerating the
development of atherosclerosis[34] and IHD[35]. For overweight
middle-aged male workers with fatty liver, a comprehensive
management for IHD risk reduction is needed.
Serum sugar and lipids had insignificant effects on
developing IHD in this study, these findings are similar to
our previous study based on Eastern population[36]. Genetic
differences[37] and differences in diet components[38] may
have affected these findings.
Smoking and drinking did not show significant effects
on developing IHD in this study, the partial explanation

Table 4 Odds ratio for IHD stratified according to fatty liver (FL) and overweight status
Non-overweight (n = 1 186)
Non-FL
(n = 970)
Ischemic ECG (%)
1

OR (95%CI)

a

FL
(n = 216)

Overweight (n = 839)
Non-FL
(n = 458)

FL
(n = 381)

125 (12.9)

41 (19.1)

66 (14.4)

115 (30.1)

1.0a (-)

1.60c (1.07-2.39)

1.11 (0.78-1.56)

2.95b (2.31-4.09)

P<0.05 vs overweight and fatty, adjusted for age, blood pressure, blood sugar and lipid profile; bP<0.001 vs non-overweight and non-FL group; cP<0.05 vs non-overweight
and non-FL group; 1OR: adjusted odds ratio; CI: confidence interval.
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might be that binary questionnaire could provide only limited
information about the dose-effect, which is important in
the development of IHD, and then leads to the unsteady
results[36,39].
The findings of this study demonstrate that fatty liver is
an independent risk factor for IHD. Abdominal sonographic
examination may not only provide limited report about the
liver status, but also can provide valuable information for
IHD risk assessment, especially for those who are overweight.
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Abstract
AIM: To evaluate the value of CT-guided core-needle biopsy
in diagnosis and classification of malignant lymphomas.
METHODS: From January 1999 to October 2004, CT-guided
core-needle biopsies were performed in 80 patients with
suspected malignant lymphoma. Biopsies were performed
with an 18-20 G biopsy-cut (CR Bard, Inc., Covington, GA,
USA) needle driven by a spring-loaded Bard biopsy gun.
RESULTS: A definite diagnosis and accurate histological
subtype were obtained in 61 patients with a success rate
of 76.25% (61/80). Surgical sampling was performed in
19 patients (23.75%) with non-diagnostic core-needle
biopsies. The success rate of CT-guided core-needle biopsy
varied with the histopathologic subtypes in our group.
The relatively high success rates of core-needle biopsy
were noted in diffuse large B-cell non-Hodgkin’s lymphoma
(NHL, 88.89%) and peripheral T-cell NHL (90%). However,
the success rates were relatively low in anaplastic large
cell (T/null cell) lymphoma (ALCL, 44.44%) and Hodgkin’s
disease (HD, 28.57%) in our group.

classification of malignant lymphomas using automated biopsy
gun. World J Gastroenterol 2005; 11(31): 4843-4847
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INTRODUCTION
CT-guided percutaneous needle biopsy has become an
important diagnostic tool and can minimize the need for
open biopsy[1,2]. However, satisfactory sampling is essential for
the diagnosis and classification of malignant lymphoma[3-5].
Percutaneous core-needle biopsy under the guidance of CT
or ultrasound in evaluation of malignant lymphomas has a
limited value[6-8]. The advantage of CT guidance is that the
whole mediastinum or abdomen is visualized, allowing
accurate planning of biopsy for deep and small lesions and
avoiding damage to important organs and greater vessels[9,10].
In recent years, with the advance in new needle biopsy
systems and technology of needle biopsy[11,12], CT-guided
core-needle biopsy is widely used in the diagnosis and
classification of malignant lymphoma [13,14]. Since 1999,
CT-guided core-needle biopsy has been used as one of the
routine sampling techniques for malignant lymphomas in
our hospital. This study aimed to retrospectively evaluate
the reliability of CT-guided core-needle biopsy for the
diagnosis and classification of malignant lymphoma using
an automated biopsy gun.

Key words: Malignant lymphoma; Biopsy; Computed
tomography

MA
TERIALS AND METHODS
MATERIALS
Patients
From January 1999 to October 2004, 80 patients (51 men,
29 women) with suspected malignant lymphomas underwent
CT-guided core-needle biopsy. They aged from 2.8 to 72 years
(mean age, 48.5 years). In our series, six patients (7.5%)
had a history of malignant lymphoma including two diffuse
large B-cell non-Hodgkin’s lymphoma (NHLs), one
peripheral T-cell NHL, one anaplastic large cell (T/null cell)
NHL, one follicular B-cell NHL and one nodular sclerosis
Hodgkin’s disease (HD). The sites of core-needle biopsy
are shown in Table 1. Repeated core-needle biopsies were
performed in five patients (6.25%). Nineteen patients (23.75%)
with non-diagnostic core-needle biopsy underwent surgery
depending on the sites, dimensions, and clinical diagnosis
(Table 2). The histological classification in our group was
according to 2001 World Health Organization classification
of malignant lymphoma[15].

Li L, Wu QL, Liu LZ, Mo YX, Xie CM, Zheng L, Chen L, Wu
PH. Value of CT-guided core-needle biopsy in diagnosis and

CT scanning
CT scanning was performed for all patients with incremental

CONCLUSION: CT-guided core-needle biopsy is a reliable
means of diagnosing and classifying malignant lymphomas,
and can be widely applied in the management of patients
with suspected malignant lymphoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Table 1 Sites of CT-guided core-needle biopsy in patients with
lymphoma
Number of patients

August 21, 2005 Volume 11 Number 31

Table 2 Management of non-diagnostic CT-guided core-needle biopsy

%

Number of patients

%

Mediastinum

42

52.5

Mediastinoscopy

3

15.79

Retroperitoneum

14

17.5

Mediastinotomy

4

21.05

Abdominal mass

9

11.25

Lymphadenectomy

6

31.58

Spleen

2

2.5

Exploratory laparotomy

6

31.58

Liver

2

2.5

Total

19

100.00

Lung

1

1.25

Kidney

1

1.25

Chest wall

4

5

Pelvic wall

4

5

Extremity

1

Total

1.25

80

100.0

%: percentage of total biopsies.

%: percentage of total biopsies.

physicians if any evidence of complications developed
subsequently.

scanning in cranial-to-caudal direction with 2.7-5 mm
collimation on a CT twin flash scanner (Philips Co.). Before
biopsies, all patients were subjected to enhanced CT to
determine the exact tumor location, its degree of vascularity
and the presence of necrosis. The optimal approach of
needle was decided for deep or small lesions and lesions
with extensive necrotic areas, avoiding damage to the
important organs and relatively large vessels near the tumor
(Figures 1A-C).

Histologic analysis
All the samples were fixed in 40 g/L formaldehyde and
embedded in paraffin and stained with hematoxylin
and eosin. Routine immunohistochemical studies were
performed using antibodies to leukocyte common antigen,
cytokeratin, and vimentin. Histological subtyping of NHL
was made using antibodies (CD3, CD8, CD15, CD30, CD43,
CD79a, L26, UCHL-1, ALK, EMA).
A biopsy was considered successful, if the definite
diagnosis and accurate classification of malignant lymphoma
could be established and sufficient information was provided
for a therapeutic decision.

Biopsies
Biopsies were performed during the scanning with an
18-20 G biopsy-cut (CR Bard, Inc., Covington, GA, USA)
needle driven by the spring-loaded Bard biopsy gun. The
Bard biopsy gun consists of a hand-held device that
triggers rapid firing of an 18 (20)-G cutting needle. When
the gun is fired, an inner trocar with its 1.7 cm sample
notch thrusts forward, followed by its outer cannula which
shears a core of tissue with minimum crushing of the
specimen [11,16]. For a satisfactory sampling, an average of
three specimens was obtained during each CT-guided
core-needle biopsy.
CT scanning was performed immediately after the
biopsies to evaluate the possible complications such as
bleeding or pneumothorax. Patients were kept under
observation for 2 h and discharged, if there were no
significant complications, and encouraged to contact their

RESUL
TS
RESULTS
No serious complications were noted in all the 80 patients
who underwent CT-guided core-needle biopsy. A definite
diagnosis and an accurate histological subtype were made
in 61 patients with a success rate of 76.25%, including
80.82% (59/73) in NHL and 28.57% (2/7) in HD (Table 3).
Nineteen patients (23.75%) with non-diagnostic core-needle
biopsies were subjected to surgical interventions including
mediastinoscopy, mediastinotomy, lymphadenectomy, and
exploratory laparotomy. The main reasons for unsuccessful
biopsy were extensive necrosis and unsatisfactory sampling.
The final histopathologic subtypes in 80 patients are
listed in Table 4, including 63 NHLs and 7 HDs. In the
diagnostic patient group, the majority of NHL subtypes
were diffuse large B-cell NHL (n = 32) and peripheral T-cell
NHL (n = 9). The remaining subtypes included one

A

B

C

R

P
Figure 1 CT-guided core-needle biopsy for paratracheal mass (A), large anterior

mediastinal mass (B), and retroperitoneal mass (C).
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lymphocyte-predominant HD, one lymphocytic depletion
HD, six marginal zone B-cell NHLs, two diffuse small
lymphocytic NHLs, three mantle B-cell NHLs, one follicular
B-cell NHL, two angioimmunoblastic T-cell NHLs, and four
anaplastic large cell (T/null cell) NHLs (ALCL).
The non-diagnostic patient group included two
lymphocyte-predominant HDs, three nodular sclerosis HDs,
four diffuse large B-cell NHLs, one mantle B-cell NHL,
one follicular B-cell NHL, one Burkitt’s NHL, one peripheral
T-cell NHL, one angioimmunoblastic T-cell NHL, and five
anaplastic large cell NHLs (ALCL, Table 4).
In our group, the success rates varied with the
histopathologic subtypes. A relatively high success rate was
obtained in diffuse large B-cell NHL (88.89%) and
peripheral T-cell NHL (90%). However, the success rate
was relatively low in anaplastic large cell lymphoma (ALCL,
44.44%) and HD (28.57%) in our group.

Table 3 Success rate of CT-guided core-needle biopsy
Number of patients
HD

%

2/7

28.57

NHL

59/73

80.82

Total

61/80

76.25

HD: Hodgkin’s disease; NHL: non-Hodgkin’s lymphoma.

Table 4 Histologic classification in CT-guided core-needle biopsies
Number of diagnoses
HD

Number of non-diagnoses

2

5

Lymphocyte-predominant

1

2

Lymphocytic depletion

1

–

Nodular sclerosis
B-cell NHL
Diffuse large B-cell

–

3

44

7

32

4

Marginal zone B-cell

6

1

Small lymphocytic

2

–

Mantle B-cell

3

–

Burkitt’s

–

1

Follicular NHL
T-cell NHL

1

1

15

7

Peripheral T-cell

9

1

Anaplastic large cell (T/null cell)

4

5

2

1

61

19

Angioimmunoblastic
Total

HD: Hodgkin’s disease; NHL: non-Hodgkin’s lymphoma.

DISCUSSION
A satisfactory sampling for histological examination is
fundamental to the diagnosis and management of malignant
lymphomas[5,17]. Fine-needle aspiration (FNA) biopsies in the
diagnosis of malignant lymphomas have been reported[18-20].
Core-needle biopsies were superior to FNA since histology
is more reliable than cytology[21-23]. The use of CT guidance
and improved histological diagnostic techniques have
promoted the development of non-surgical sampling of
tumor masses in almost any location[4,9]. Silverman et al.[24],
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reported that image-guided biopsy of abdominal lymphoma
provided an adequate tissue sample that enables treatment
in 72% of patients. Pappa et al.[14], have achieved a diagnostic
rate of 83% lymphomas, and suggested that image-guided
core-needle biopsy should become the procedure of choice
for histological sampling in the absence of peripheral
lymphadenopathy. de Kerviler et al.[25], have reported, a
relatively high success rate of 88%. Recently, Agid et al.[4],
reported, that CT-guided core-needle biopsies are
sufficient to establish a diagnosis of 82.5% patients
with lympho-proliferative disorders and suggested that it
should be used as the first step in diagnosis of lymphomas.
In our group, 61 of 80 (76.25%) patients had a definite
diagnosis and histological classification, and subsequent
treatment was performed on the basis of the results of
core-needle biopsy. CT-guided core-needle biopsy is
therefore widely regarded as a quick, safe, and efficient
alternative to excisional biopsy in patients without enlarged
superficial lymph nodes[10,14].
The core-needle can acquire a relatively large specimen,
which allows a better immunohistochemical staining[26,27].
CT-guided core-needle biopsy obviates the need for surgical
biopsy in the majority of cases[4,9,25]. Automated biopsy
systems such as Bard biopsy gun (CR, Inc., Covington, GA,
USA) are rapid, simple, and highly efficient in sampling[11]
and have been used as the commonest tool for percutaneous
CT-guided biopsy in our hospital. Guided by CT, an 18-20
G needle is driven forward by the spring-loaded gun, and a
biopsy specimen with a size of about 1.5-cm in length is
rapidly cut, which is sufficient for imm-ohistochemistry
staining for complete subtyping [14,16]. The reliability of
CT-guided core-needle biopsy in diagnosis and classification
of malignant lymphomas has largely been confirmed, and
the opportunity of open biopsy or exploratory operation is
greatly reduced[9,26].
In our study, 76.25% (61/80) of patients with malignant
lymphoma underwent CT-guided core-needle biopsies and
treated on the basis of biopsy results alone. However, the
definite diagnosis and explicit histological classifications were
not obtained by core-needle biopsy alone in 19 patients with
malignant lymphomas. The most common reason for the
failure of core-needle biopsy diagnosis is that satisfactory
sampling is not obtained due to the extensive necrosis of
the lesions[1,10]. In diagnosis of follicular lymphoma, very
large follicular structures might potentially be missed by
core-needle biopsy. However, this theoretical drawback
is rarely encountered [16,28] . Also, primary diagnosis of
uncommon lymphomas may be compromised by small
samples obtained by needle biopsy, and as with biopsies
negative for lymphoma, surgical intervention may be
required[16,29]. Indeed, some subtypes of malignant lymphoma
might not be definitely diagnosed and categorized by
CT-guided core-needle biopsy alone[29,30]. Ben-Yehuda et al.[31],
suggested that the most problematic category is mixed
small- and large-cell NHL, because of the difficulty in
making a reliable assessment of the relative number of
large cells present and distinguishing diffuse from nodular
patterns in these cases.
Due to its morphologic variations, anaplastic large cell
(T/null cell) lymphoma (ALCL) might be mistaken for
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other lymphoid or non-lymphoid malignancies[32]. In general,
ALCL is of T-cell phenotype and characterized by the classic
“anaplastic” morphology and a peculiar CD30 expression.
Its diagnosis relies on recognition of distinctive morphologic
clues, such as the presence of occasional “hallmark” cells,
especially around small vessels, as well as immunopositivity
for CD30 and occasionally ALK protein. Therefore, a
definitive diagnosis of ALCL is possibly based on careful
interpretation of immunohistochemical features[32,33]. If the
explicit diagnosis of ALCL cannot be made on the basis of
a small size of samples obtained by core-needle biopsy, the
relatively larger specimen obtained by open biopsy may be
needed for definite diagnosis.
A common subtype of lymphomas such as diffuse large
B cell lymphoma often yields a predominant population of
large lymphoid cells with a high mitotic activity and a
relatively high rate of diagnosis[13,32]. The success rate was
as high as 88.89% (32/36) in our group. However, there
were nine patients (11.25%) with ALCL in our group, and a
definite diagnosis by core-needle biopsy alone was made in
only four (44.44%). The main reason for this failure is due
to the small size of samples obtained by core-needle biopsy.
Zinzani et al.[13], and Pappa et al.[14], have reported, relatively
high success rates in diagnosis of HD using core-needle
biopsy. However, there were a relatively small number of
patients with HD in our group (8.75%), and only 28.57%
(2/7) of patients with HD were definitely diagnosed by
core-needle biopsy. Except for unsatisfactory sampling[25],
our low success rate may largely be due to lack of experience
of pathological diagnosis of HD on the basis of core-needle
biopsy in our hospital.
In conclusion, CT-guided core-needle biopsy is a reliable
diagnostic procedure for malignant lymphoma, and can be
widely used in patients with suspected malignant lymphoma
in absence of palpable, enlarged superficial lymph nodes.
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Abstract
AIM: To determine the relative potency and contribution
of intestinal nutrients to net gastric accommodative
relaxation and conscious perception.
METHODS: In 12 healthy subjects, we randomly tested
duodenal loads of lipids and carbohydrates (12 mL
administered in 4 min) at various caloric concentrations
(0.0125-0.8 kcal/mL) separated by 12-24 min wash-out
periods of saline infusion. Maximal gastric relaxation was
induced at the end of each experiment by i.v glucagon
(5 µg/kg), as reference. The reflex gastric response was
measured by a barostat, and symptom perception by a
0-6 score questionnaire.
RESULTS: Lipids induced a dose-response gastric relaxation
with a steep and early rise. Maximal effect (179±42 mL
relaxation) reached at a relatively low concentration
(0.2 kcal/mL), maximal lipid-induced relaxation was
61±6% of the glucagon effect. By contrast, duodenal
infusion of carbohydrates induced weaker relaxation that
became significant only at the high end of the physiological
concentration range (65±14 mL with 0.8 kcal/mL). Intestinal
nutrient loads, either of lipid or carbohydrates, did not
induce significant changes in perception (0.6±0.4 and
0.1±0.4 score increase for the highest concentrations,
respectively).
CONCLUSION: Chyme entering the small bowel induces
nutrient-specific gastric relaxatory reflexes by a physiologically
saturable mechanism. Normally, neither the intestinal
nutrient load nor the gastric accommodative response is
perceived.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Gastric accommodation; Enterogastric reflex;
Postprandial symptoms; Intestinal nutrients; Gastric
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INTRODUCTION
The intestine exerts a feedback control on gastric emptying,
and thereby regulates the rate of nutrient delivery into the
intestine. The duodenum, in particular, plays a key role in
this process, by modulating the level of gastric tone via
entero-gastric reflexes. The mechanisms that control the
gastric relaxatory response to intestinal nutrients have been
extensively studied in experimental animal models[1]. Human
data are relatively scarce. Although it has been shown that
duodenal nutrients induce a gastric relaxation, and that this
effect depends on the type of nutrient [2-4], comparative
dose-related responses to various nutrients are not available.
Our aim was to compare the relative potency of duodeno-gastric
relaxatory reflexes induced physiologically by different types
of nutrients, namely, lipids vs carbohydrates in healthy
humans employing a combination of enteric nutrient infusion
and measurement of gastric tone responses by the barostat.
MA
TERIALS AND METHODS
MATERIALS
Participants
Twelve healthy subjects without gastrointestinal symptoms
(seven women, five men; 20-26 years of age) participated
in the study after giving written informed consent. The
protocol for the study was previously approved by the
Institutional Review Board of the University Hospital Vall
d’Hebron.
Duodenal nutrient infusion
Using an intra-luminal polyvinyl tube (2 mm outer diameter)
located into the duodenum, either saline solution, carbohydrates
(Maxijul®; Scientific Hospital Supplies, Barcelona, Spain)
or lipids (Intralipid®, Pharmacia and Upjohn, St Cugat del
Valles, Spain) were continuously infused at 2 mL/min rate
using a perfusion pump (Asid Bonz PP50-300; Lubratronics,
Unterschleisshein, Germany). Nutrients were diluted in saline
to various caloric concentrations. All perfusates were adjusted
to 300 mOsm/L and pH 7.
Gastric tone measurement
Gastric tone was continuously measured using a barostat
connected by a double lumen tube (127 Argyle; Sherwood
Medical, St. Louis, MO, USA) to an intra-gastric bag (1 L
capacity, 36 cm maximal diameter, made of ultrathin
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polyethylene). Tone was measured as changes in intra-gastric
volume at a constant pressure level, 2 mmHg above the
intra-abdominal pressure. The intra-abdominal pressure was
determined at the beginning of each study as the minimal
distending pressure that detected respiratory variations, by
increasing intrabag pressure in 1 mmHg steps every
minute [5]. Detailed description of the barostat has been
previously published[5,6].
Perception measurements
Subjective perception was measured using a graded
questionnaire to measure the intensity and the type of
sensations perceived[7]. The graded questionnaire included
four graphic rating scales graded from 0 (no perception) to
6 (pain), specifically for scoring the following abdominal
sensations: (1) pressure; (2) fullness; (3) nausea; and (4) other
type of sensation (to be specified), respectively.
Procedure and experimental design
Participants were orally intubated after 6 h fast. The
intestinal infusion tube was positioned under fluoroscopic
control in the duodenum, 10 cm distal to the pylorus, and
the bag of the barostat was introduced into the stomach.
The studies were conducted in a quiet, isolated room with
participants sitting on an ergonomic chair with the trunk
erect.
The barostat was connected to the intra-gastric bag, and
gastric tone was continuously recorded on a paper polygraph
(model 6006; Letica, Barcelona, Spain). The duodenal tube
was connected to the perfusion pump, and saline solution
was infused. Nutrient tests were started after 10 min basal
recording. In each subject the following nutrient solutions
(12 mL administered as 4 mL bolus plus 4 min infusion at
2 mL/min) were tested in random order: (1) lipids at 0.0125,
0.05, 0.2, and 0.8 kcal/mL; and (2) carbohydrates at 0.2
and 0.8 kcal/mL. After each nutrient perfusion, the saline
perfusion was restored. In preliminary studies, the duration
of the effects of duodenal nutrients on gastric tone
depended on the type of nutrient and the caloric load. Hence,
to assure the lack of carry-over effects, we adjusted the
duration of the saline wash-out periods between nutrients
tests, allowing 24 min after the 0.8 kcal/mL lipid dose, 16 min
after the 0.2 kcal lipid dose, and 12 min after the rest. At
the end of each nutrient perfusion, subjects were asked to
fill in the perception questionnaire. After the nutrient tests
were completed, glucagon (Glucagon Novo, Laboratorios
Novo, Madrid, Spain) was administered as a 5 µg/kg iv
bolus, and gastric tone was recorded for another 20 min.
Data analysis
The response of gastric tone to duodenal nutrients was
measured as the difference of mean intra-gastric volume
recorded by the barostat during the 2 min before and during
the last 2 min of each nutrient perfusion. Perception was
measured by the highest score (rather than by the mean or
cumulative scores) marked on the scales.
Statistical analysis
Mean±SE of the parameters measured for each nutrient
concentration tested was calculated. Comparison of normally
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distributed data was performed by the paired Student’s t test.

RESUL
TS
RESULTS
Lipids induced a dose-related gastric relaxation with a steep
and early rise (Figure 1). The lowest lipid load (0.0125 kcal/mL)
did not modify gastric tone. However, the 0.05 kcal/mL
load produced a significant relaxation (P<0.05 vs 0.0125
kcal/mL), exceeding half of the relaxation induced by the
maximal lipid concentration (0.8 kcal/mL). A full effect was
achieved with a relatively low concentration (0.2 kcal/mL),
and no further gastric relaxation was produced by the highest
load (0.8 kcal/mL). The maximal effect achieved by lipids
was 61±6% of the pharmacological effect of glucagon.
The gastric relaxatory response developed rapidly after the
lipid administration was started, so that a plateau effect was
reached 2 min later (Figure 2). Conversely, during the
washout period after the lipid infusion, the relaxation faded
and gastric tone reverted to the previous baseline.
Duodenal carbohydrate infusion produced a significantly
weaker relaxation than lipids (Figure 1). The 0.2 kcal/mL
carbohydrate concentration did not modify gastric tone,
though the equicaloric lipid load produced a maximal effect
(P<0.05 vs lipids). The highest carbohydrate concentration
(0.8 kcal/mL) produced a significant (P<0.05 kcal/mL vs
0.2 kcal/mL) but modest gastric relaxation of only about
one-third than that induced by the equicaloric lipid load
(P<0.05 vs lipids). The maximal effect achieved by
carbohydrates reached only 19% of the glucagon effect.

250
a
Lipids
Gastric
relaxation,
mL
Carbohydrates

0
0.2
0.0125 0.05

0.8

Duodenal infusion (kcal/mL)

Figure 1 Gastric relaxatory response to duodenal nutrients. Values are
mean±SE. Note the saturable dose-related gastric relaxation with lipids, and a
significantly weaker response with carbohydrates. aP<0.05 vs carbohydrates.

Lipids 0.2 kcal/mL
BAROSTAT
Pressure

10
mmHg
0
0

Volume

mL
300
2 min
Figure 2 Example of gastric relaxation induced by duodenal lipid infusion
(0.2 kcal/mL). Gastric relaxation was measured as intra-gastric volume increment
at constant pressure by a barostat. Note rapid relaxation and complete recovery
after the infusion.
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None of the nutrient loads tested or their reflex effects
on gastric tone induced significant conscious perception
(Figure 3).

6

Perception
score
Lipids
0

Carbohydrates

0.0

0.8

Duodenal infusion (kcal/mL)
Figure 3 Perception of duodenal nutrient loads. All nutrient loads were
unperceived, despite the prominent gastric accommodative response associate
to some of them.

DISCUSSION
In our study, chyme entering the small bowel induced
nutrient-specific gastric relaxatory reflexes by a physiologically
saturable mechanism. In healthy subjects, neither the
intestinal nutrient load nor the gastric accommodative
response was perceived.
As previously shown, lipids in the duodenum induce a
gastric relaxatory reflex[2-4]. We have further shown that this
effect is concentration-related. Indeed low lipid concentration
induced marked effects. Full effect was achieved with a
very low concentration, and one fourth of this concentration
induced a gastric relaxation which was half of the full effect.
This mechanism seems saturable, because a four-fold increase
of the full-effect concentration did not increase the magnitude
of gastric relaxation. Furthermore, we administered at the end
of the study, a pharmacological dose of glucagon to produce
a maximal gastric relaxation[8,9], evidenced that the full effect
produced by even a very small lipid concentration was about
two thirds of the glucagon effect.
By contrast to lipids, intra-duodenal carbohydrates had
minor gastric relaxatory effects. Equicaloric amounts of
carbohydrates induced significantly smaller gastric relaxation.
The same concentration of carbohydrates as that of lipids
producing full effect was ineffective, and the maximal
concentration tested, achieved only one fifth of the glucagon
effect.
The effect of nutrients on gastric tone has been studied
on an experimental dog model with isolated intestinal
loops [10]. These studies indicate that nutrient specificity
depends on the region of intestine stimulated. When infused
into the proximal small bowel, lipids are significantly more
potent than carbohydrates, which is consistent with that
observed in the present study, but in the distal small bowel,
carbohydrates elicit a much stronger response. At variance
with humans, in this canine model, carbohydrates into the
proximal intestine failed to induce a gastric relaxation, but
this could be related to the different regions that were exposed.
However, in the present study, nutrients were infused
directly into the duodenum and a more distal loop was
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isolated in dogs.
Additional experimental studies in animals have further
characterized this nutrient-dependent entero-gastric reflex.
In a model of isolated vagus, it was that reflex gastric
relaxation is mediated by non-adrenergic, non-cholinergic,
vagal fibers[11]. It has also been shown that CCK may be
involved in lipid-induced reflexes[12]. However, CCK is only
released by long chain fatty acids, but not by the shortmedium length acids[13,14]. Furthermore, the rapid onset and
reversible response, without appreciable carry-over effects, all
point toward a neural rather than a humoral type of response.
Hence, the different effects of lipids and carbohydrates
seem related to the specific reflex pathways activated.
Detection of the reflex relaxation in the present
experiments was possible by an artificial manipulation of
intra-gastric conditions. During basal conditions, the stomach
is empty and contracted. The barostat applies a small,
constant intra-gastric pressure insufficient to expand the
gastric walls. However, when the stomach relaxes in response
to experimental administration of nutrients directly into the
intestine, the intra-gastric volume expands and the barostat
makes this relaxation visible by the intra-gastric volume
increment. Interestingly, this isobaric expansion does not
induce conscious sensations.
It has been shown that intra-gastric volumes are
perceived via activation of tension receptors[9], and the
present data confirm that expansion and wall elongation do
not elicit perception. Nutrients, particularly lipids, have been
shown to sensitize mechanoreceptors and heighten perception
of gastric distension[2-4], but in the present experimental
conditions, nutrients did not modify perception, conceivably
because tension receptors were not activated. The gastric
expansion measured by the barostat mimics the normal
accommodation process, during which gastric filling by food
is associated to an accommodative relaxation[1,15]. Indeed,
this type of nutrient-mediated reflexes, by modulating
the level of contraction/relaxation of the gastric wall,
plays a dual role, contributing, both, to the unperceived
accommodation of the stomach to the meal, and to the
control of the gastric emptying rate. In the present study,
even high lipid concentration produced only a partial
relaxation, as evidenced by the comparison to the effect of
glucagon, suggesting that the stomach still exerts some degree
of contraction. This residual contraction, similar to that
produced during meal accommodation, is enough to gently
force intra-gastric content distally and initiate gastric
emptying. Subsequently, the emptying profile is controlled
by a net of reflexes depending on the nutrient composition
of chyme along the small intestine, to adapt the gastric
delivery of nutrients to the intestinal processing capability[1].
The characterization of the nutrient-induced reflexes
described in this paper may contribute to a better understanding
of the pathophysiolog y of accommodation-related
symptomatic disorders, such as functional dyspepsia. Indeed,
it has been shown that dyspeptic patients have impaired
entero-gastric reflexes[16,17] that result in impaired gastric
accommodation and post-prandial symptoms[18,19], but the
specific effects of individual nutrients have not been
characterized. Hence, evaluation of the full dose-response
to different nutrient elements may help to clarify the reflex
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dysfunction in functional dyspepsia.
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Abstract
AIM: To investigate whether S100A4 played an important
role in the development or progression of colorectal
cancer.
METHODS: A total of 124 colorectal adenocarcinoma
tissue specimens were analyzed by immunohistochemistry
for the expression of S100A4 protein and subsequently
investigated for the gene mutations in the coding region
of S100A4 gene. The specimens were collected over a
3-year period in the laboratories at our large teaching
hospital in Seoul, Republic of Korea.
RESULTS: Normal colonic epithelium either failed to express
or showed focal weak expression of S100A4. Moderate to
strong cytoplasmic expression of S100A4 was seen in 69
(55.6%) of the 124 colorectal carcinoma tissue specimens.
S100A4 expression was detected in 43 (69.4%) of 62
specimens with lymph node metastasis. Statistically,
overexpression of S100A4 was significantly associated with
Dukes’ stage and lymph node metastasis. Nuclear staining
was also observed in 24 (19.4%) of 124 samples and closely
associated with Dukes’ stage. However, there was no
significant correlation between overexpression of S100A4
and other investigated clinico-pathologic parameters,
including tumor localization, tumor size, and survival period.
In mutational analysis, no gene mutation was found in the
analyzed genomic area of colorectal cancer.
CONCLUSION: Overexpression of S100A4 may be closely
related with the aggressiveness of colorectal carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal cancer remains one of the most frequent
malignant neoplasms worldwide. In Korea, it accounts for
an estimated 9.9% of all malignancies, with 9.7% in the
male population and 10.2% in the female population[1]. The
major cause of death is the metastatic spread of the disease
from the primary tumor to distant sites, especially to the
liver[2]. Research into colorectal cancer has highlighted the
prognostic significance of TNM tumor staging including
depth of tumor invasion, involvement of regional lymph
nodes, and infiltration to distant organs. Although there are
a lot of reports showing the significance of many other
prognostic parameters such as histological grade, serum
carcino-embryonic antigen levels and flow cytometric DNA
analysis, none of them has been widely used in the clinic[3-5].
The concept of multi-stage carcinogenesis has been widely
accepted as a consequence of multiple genetic alterations
accumulated in cancer cells [6]. Interestingly, stepwise
accumulation of genetic alterations during progression has
observed in several tumor types, particularly in tumors of
epithelial origin like colorectal cancer. It is also well known
that highly metastatic cells often acquire more genetic
alterations than non-metastatic cells. Therefore, it is
indispensable to identify the genes, whose alterations
accumulate during cancer progression as well as the genes,
whose expression is responsible for the acquisition of
invasive and/or metastatic potential in cancer cells.
The S100 family of calcium binding proteins has been
shown to be involved in a variety of physiological functions,
such as cell proliferation, extracellular signal transduction,
intercellular adhesion, and motility as well as cancer
metastasis[7-9]. Of these, S100A4 (mts1, p9Ka, calvasculin)
has been identified as a cytoplasmic protein in normal cells,
which is associated with the actin/myosin cytoskeleton in
fixed cells[10]. Interestingly, elevated levels of S100A4 are
closely associated with the process of metastasis in several
human solid cancers including gastric cancer[11,12], colorectal
adenocarcinoma [13-15] , and breast cancer [16] . Recently,
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Flatmark et al. [15], reported, that nuclear localization of
S100A4 is correlated with tumor stage in colorectal cancer.
Furthermore, S100A4 secreted from tumor cells can
increase endothelial cell motility and hence induce
angiogenesis[17]. All these findings suggest that S100A4
may exert its effect on metastasis formation not only by
stimulating the motility of tumor cells but also by affecting
their invasive properties through deregulation of the
extracellular matrix[18]. In the present study, to investigate
whether S100A4 played an important role in the
development and/or progression of Korean colorectal
cancers, the expression patterns of S100A4 in 124 colorectal
adenocarcinoma tissues were examined. We also performed
mutational analysis of the S100A4 gene, one of the possible
overexpression mechanisms of oncogenic proteins.

MA
TERIALS AND METHODS
MATERIALS
Tissue samples
One hundred and twenty-four colorectal cancer patients
between 2001 and 2002 were enrolled in this study and
their tissue samples were formalin-fixed and paraffinembedded. No patient had a family history of colorectal
cancer. Tumor stage was classified according to Dukes’
criteria. Thirteen patients were classified as Dukes’ A, 47 as
Dukes’ B, 56 as Dukes’ C and 8 as Dukes’ D. The
observation time was 14-38 mo for the survivors. Among
the 113 patients who were followed up, 15 patients showed
relapse of cancer and 11 patients died of cancer during
this time. Two pathologists screened histological sections
and selected areas of the representative tumor cells. Three
tissue cores (0.6 mm in diameter) were taken from each
tumor sample and placed in a new recipient paraffin block
using a commercially available microarray instrument
(Beecher Instruments, Micro-Array Technologies, Silver
Spring, MD, USA), according to the established methods[19].
One cylinder of normal colonic mucosa adjacent to each
tumor was also transferred to the recipient block.
Microdissection
The histological section were stained with hematoxylin
and eosin (H and E) and reviewed. Malignant cells were
selectively procured from H and E stained slides without
normal cell contamination using a laser micro-dissection
device (ION LMD, Jungwoo International Co, Seoul, South
Korea). Corresponding normal cells were obtained from
non-metastatic lymph nodes. DNA was extracted by a
modified single-step DNA extraction method, as described
previously[20].
Single strand conformation polymorphism (SSCP) analysis
Genomic DNAs from tumor cells and corresponding
normal cells were amplified with 2 primer pairs covering
exons 2 and 3, the coding region of S100A4. The primer
sequences were as follows: 5’-CCAGATCCTGACTGCT
GTC-3’ and 5’-GACTCACTCAGGCACTACCC-3’ for
exon 2, and 5’-GGGCTTCTGTTTTCTATC TGT-3’ and
5’-CCAACCACA TCAGAG GAG-3’ for exon 3. Each PCR
was performed under standard conditions in a 10 µL reaction
mixture containing 1 µL of template DNA, 0.5 µmol/L
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of each primer, 0.2 µmol/L of each deoxynucleotide
triphosphate, 1.5 mmol/L MgCl 2, 0.4 unit of Ampli Taq
gold polymerase (Perkin-Elmer, Foster City, CA, USA),
0.5 µCi of [32P]dCTP (Amersham, Buckinghamshire, UK),
and 1 µL of 10X buffer. The reaction mixture was
and amplified for 35 cycles
denatured for 1 min at 94
(denaturing for 40 s at 94 , annealing for 40 s at 56 ,
and extending for 40 s at 72 ). Final extension was
continued for 5 min at 72 . After amplification, PCR
products were denatured for 5 min at 95 at a 1:1 dilution
of sample buffer containing 98% formamide/5 mmol/L
NaOH and loaded onto a SSCP gel (FMC mutation detection
enhancement system; Intermountain Scientific, Kaysville,
UT, USA) with 10% glycerol. After electrophoresis, the gels
were transferred to 3-mm Whatman paper and dried, and
autoradiography was performed with Kodak X-OMAT film
(Eastman Kodak, Rochester, NY, USA). We repeated the
experiment thice, including tissue micro-dissection, PCR,
SSCP, and sequencing, and found that the data were
consistent.
Immunohistochemistry for S100A4
The primary polyclonal rabbit anti-S100A4 antibody
(DAKO, Carpinteria, CA, USA, dilution 1/200) was used.
Immunostaining was performed on microarray tissue
sections with a tyramide signal amplification kit (NEN Life
Science, Boston, MA, USA) for signal intensification. Antigen
retrieval was performed by microwave heating in a citrate
buffer (pH 6.0). Other procedures were performed as
previously described [21]. The reaction products were
developed with diaminobenzidine (Sigma, St Louis, MO,
USA) and counterstained with hematoxylin. As a negative
control, we used non-immune rabbit serum instead of the
S100A4 antibody. Three pathologists independently
reviewed the results. For statistical analysis, the stained
sections were scored microscopically. The number of tumor
cells stained in the cytoplasm was semi-quantitatively
estimated and classified into negative and positive: negative
0 30% and positive 30% labeling in tumor cells.

RESUL
TS
RESULTS
Mutational analysis
We analyzed mutations of the S100A4 gene in 124 colorectal
carcinoma tissue specimens. There was no aberrant SSCP
pattern in DNAs extracted from cancer cells, suggesting
that there were no somatic mutations in the coding regions
of the S100A4 gene in colorectal carcinoma. We found a
single nucleotide polymorphism, which was an A to G
transition at nucleotide number 99 in both corresponding
normal and tumor DNAs of cases No. 10 and No. 67 (data
not shown). The variation was an identical single nucleotide
polymorphism found in our previous report[11] and showed
no amino acid change at codon 33 (Glu Glu, GAA
GAG). The data were consistent with triplicate experiments.
Expression of S100A4
One hundred and twenty-four colorectal carcinoma tissue
specimens were screened for S100A4 protein expression.
The expression was mainly faint or negative in normal colonic
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Table 1 Relationship between expression of S100A4 and tumor stage of colorectal carcinoma
Cytoplasm
+

-

Positive (%)

Nuclear
+

-

Positive (%)

0.0001 1

Stage
4

9

30.8

1

12

7.7

B

21

26

44.6

7

40

14.9

C

37

19

66.1

12

44

21.4

D

7

1

87.5

4

4

50.0

0.0255 3

0.51843

+

39

20

66.1

10

49

16.9

-

30

35

46.1

14

51

21.5

Right

12

14

46.2

7

19

26.9

Left

57

41

53.4

17

81

17.3

0.5154 3

Site

<5 cm
5 cm

24 mo
Total

1.00003

33

24

57.9

11

46

19.2

36

31

53.7

13

54

19.4

0.7719 3

Survival period
<24 mo

0.27193

0.6421 3

Tumor size

P
<0.052

A

L/N metastasis

1

P

0.95633

6

4

60.0

2

8

20.0

63

51

55.3

22

92

19.3

69

55

24

100

Cochran’s linear trend test; 2Bartholomew test; 3χ2 test.

mucosa, but moderate to strong in lymphocytes and smooth
muscle cells, concordant with previous report[14]. In the
present study, overexpression of S100A4 was found in 69
(55.6%) of the 124 colorectal carcinoma tissue specimens,
in which immunostaining was predominantly marked on
the cytoplasm of tumor cells (Figure 1). Cytoplasmic
staining was seen in 30.8% (4 of 13) stage A cases, 44.6%
(21 of 47) stage B cases, 66.1% (37 of 56) stage C cases,
and 87.5% (7 of 8) stage D cases, respectively (Table 1).

Statistically, overexpression of S100A4 was closely
associated with Dukes’ stage (P<0.01) and lymph node
metastasis (P<0.01). However, there was no significant
correlation between over-expression of S100A4 and other
investigated clinico-pathologic parameters, including tumor
localization, tumor size, and survival period (Table 1).
Interestingly, 12 of 15 patients with recurrence of cancer
demonstrated cytoplasmic staining at diagnosis. Nine of
them died of cancer and 2 died of cardio-vascular disease.

A

B

C

D

Figure 1 Expression of S100A4 in colonic mucosa (A), tubular adenocarcinoma
(B, C), and nuclear staining of S100A4 (D). (Original magnifications: A-C,

×200; D, ×400).
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Nuclear staining was also observed in 24 (19.4%) of
124 samples and the percentage of S100A4 positive cases
was closely associated with Dukes’ stage (P<0.05, Table 1).
However, there was no correlation between nuclear staining
of S100A4 and pathologic parameters, including lymph node
metastasis, tumor localization, tumor size, and survival
period (Table 1). Additionally, nuclear staining was found in
4 of 15 patients with relapse and 3 of them died of cancer.

DISCUSSION
Oncogene amplification usually occurs late in tumor
progression and correlates well with clinical aggressiveness
of tumors[21]. Over-expression of S100A4 has been reported
in several human cancers, including gastric[11,12], colorectal[13-15],
and breast cancers[16]. Recently, it has been suggested that
nuclear localization of S100A4 is related to tumor stage of
colorectal cancer, and S100A4 may be involved in gene
regulatory pathways related to the metastatic phenotype of
cancer cells[15].
In the present study, cytoplasmic over-expression of
S100A4 was found in 69 (55.6%) of the 124 colorectal
adenocarcinoma tissue specimens. Interestingly, the
cytoplasmic expression of S100A4 was statistically
associated with Dukes’ stage and lymph node metastasis
(Table 1). Additionally, 12 of 15 patients with recurrence
of cancer demonstrated cytoplasmic staining and 9 of
them died of cancer. It was reported that over-expression
of S100A4 is closely correlated with a number of factors
for tumor aggressiveness, such as lymph node metastasis,
depth of invasion, and peritoneal dissemination [11] .
Overexpression of S100A4 is more frequently found in
cancer cells than in normal colonic mucosa, as well as more
in liver metastasis than in primary tumors[14,15]. Furthermore,
S100A4 expression has been proved to be a highly significant
and independent prognostic marker in colorectal cancer[22].
These data further support the significant correlation
between over-expression of S100A4 and progression of
colorectal cancer, and the putative role of S100A4 in tumor
cell aggressiveness [3,6,15].
In this study, nuclear staining of S100A4 was seen in 24
(19.4%) of 124 samples (Figure 1) and showed a significant
association with higher Dukes’ stage (Table 1). Previously,
Flatmark et al. [15] , examined the nuclear expression of
S100A4 in colorectal cancer and reported that nuclear
location of S100A4 is associated with tumor stage. Our
results also suggest that nuclear translocation of S100A4
protein might be involved in the process of invasion and
metastasis of colorectal cancer. It is possible that S100A4
regulates transcription of other genes either through direct
DNA binding to or through interaction with other DNAbinding proteins. Further large-scale and functional studies
are necessary to elucidate the effect of nuclear translocation
of S100A4 on the progression of human cancers, including
colorectal cancer.
Generally, activation of a proto-oncogene results from
mutation, rearrangement or manifold amplification of the
DNA sequences, like N-myc in neuroblastoma and c-erb B2
in breast cancer[23-25]. Since there was no detectable somatic
mutation of S100A4 gene in the primary tumors in this
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study, we considered that the S100A4 over-expression might
not result from genetic mutation in colorectal carcinogenesis.
However, we cannot completely rule out the possibility of
a genetic alteration in other regions, such as the promoter,
non-coding exon, and splice sites. Another possibility is the
amplification or hypo-methylation of the S100A4 gene in
colorectal cancer, as in pancreatic ductal adenocarcinoma[26].
In addition, our results may underestimate the prevalence
of S100A4 somatic mutations in colorectal cancer, as the
sensitivity rate of SSCP analysis for the detection of single
base substitutions is about 80%[27].
In conclusion, S100A4 is overexpressed in colorectal
cancer, cytoplasmic and nuclear expression is closely
associated with a number of factors for tumor aggressiveness,
such as tumor stage and lymph node metastasis.
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Abstract
AIM: To determine the prevalence of hepatitis B in
Nahavand and evaluate the HBsAg positive prevalence in
families with a member who was confirmed to have HBV
infection.
METHODS: This study was performed in two phases. In
the first phase, 1 824 subjects in Nahavand city were
selected. The interviewers visited the houses of chosen
families to fill the questionnaire and take the blood samples.
All subjects signed an informed consent before interviews
and blood sampling. The samples were evaluated for HBV
virologic markers. In the second phase, 115 HBsAg-positive
cases were enrolled and evaluated for HBV virologic
markers.
RESULTS: The prevalence of positive HBsAg in Nahavand
was 2.3%. The most frequent relatives of index cases
were sons and daughters (32.2% and 23.5% respectively).
Twelve (11%) of all family members were HBsAg positive.
Fifty (56.2%) were isolated HBsAb positive and only one
person (2.5%) was isolated HBcAb positive. The higher
rates of HBsAg marker were detected in the brothers
(1-25%) and fathers (1-12.5%). The infection rate in
husbands and wives of index cases was 10%. Only two
(16.7%) of all HBsAg-positive participants reported
previous HBV vaccination.
CONCLUSION: The prevalence of intra-familial HBV infection
is lower in Nahavand of Iran compared to other studies.
More attention should be paid to HBV vaccination and
risk-lowering activities.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Middle East countries including Iran have an intermediate
prevalence of hepatitis B. In Iran, hepatitis B prevalence is
low as 1.07% in Shiraz and as high as 8.96% in Toiserkan[1].
There are three main routes of HBV transmission including
blood, sexual contacts, and horizontal. In endemic regions
of the world such as Africa, Greece, and Hong Kong,
vertical transmission from mother to newborn infant and
horizontal transmission among children play an important
role in intra-familial transmission of HBV. In North America
and Western Europe, however, the main route of transmission
is intimate sexual contacts[2-4].
A study of general population in Hamadan of Iran[5]
reported that HBV infection is low in unmarried men and
women (18.26%) and high in widows and divorcees (51.59%),
suggesting that horizontal transmission is likely to be the
primary mode of acquisition of HBV infection in children
and young adults. Also, infection is partly transmitted before
or soon after birth to babies of HBsAg-carrier mothers.
Socio-economic and demographic variables have a greater
impact on the prevalence of HBV infection than blood or
medical care variables in this population.
In a study in Spain, 848 of family members of 285
HBsAg-positive patients were evaluated and reported that
33.5% of them were positive for at least one HBV virologic
marker[6]. In the other study in Australia, family members
of 145 HBV patients were studied and the results showed
that 16% of them were HBsAg positive, and that HBV
transmission within families is greater, if the index case has
a HBsAg and HBeAg-positive mother rather than a HBeAgnegative one[7].
The city of Nahavand in Hamedan Province (in west
of Iran) has always been considered to have high prevalence
of hepatitis B without any definitive study. This study aimed
to determine the prevalence of hepatitis B in Nahavand
and evaluate the HBsAg positive prevalence in families with
a member who was confirmed to have HBV infection.
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MA
TERIALS AND METHODS
MATERIALS
This cross-sectional study was conducted during a 2-mo
period (February-March 2003) in people aged 6 years and
over in the city of Nahavand, located in the western part
of Iran with a population of 72 000. In Nahavand there
are 5 health care centers and 1 health site, and 304
participations were randomly selected from each of them.
This research was carried out in two phases. First, we
studied the prevalence of hepatitis B in population of
Nahavand (2002) and after identifying the HBsAg-positive
cases, all of their families were enrolled into the second
phase. The population less than 5 years old was not included
in our study because blood sampling was difficult.
A questionnaire including demographic data, marital
status and history of vaccination was developed. After taking
the approval of health authorities of the city and city council,
the educational sessions for data collection teams and
directors of health care centers were held to train them on
the details of interviewing, questionnaire filling, and blood
sampling. Demographic data on eligible families were obtained
from 1999 health registry.
The selected families were contacted at their residence.
The family members older than 5 years were interviewed
and informed consent was obtained. For those under
15 the parents also signed the consent forms. The
questionnaires were filled by interviewers, who also took
blood samples. The blood samples were sent to the laboratory
of research center for gastro-enterology and liver disease,
Shaheed Beheshti University of Medical Sciences at the
end of each day. The virologic markers of hepatitis B
were assessed.
After revealing HBsAg-positive cases, we collected
demographic data of their families. The selected families
were contacted at their residence and given description of the
second phase by the interviewers. After signing the consent
forms by the family members, the interviewers took blood
samples and sent them to the laboratory (as above mentioned).
All the virologic markers of hepatitis B were assessed.
It should be explained that HBsAg detection was carried
out by Diasorin kit with lot no. 0370790/1A through sandwiched
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ELISA. HBsAb and HBcAb levels were measured by Diasorin
kit with lot no. 9230320/A through sandwiched non-competitive
ELISA and Diasorin kit with lot no. 8540480/1B through
competitive ELISA, respectively. All data were fed into an
access data bank. SPSS version 11 was used for the analysis
of data.

RESUL
TS
RESULTS
Of all subjects, 85 (4.6%) did not participate in study,
1 005 (55.1%) were married. The mean family population
was 4.8±1.9, the smallest family had 1 member while biggest
family had 13 members. The prevalence of HBsAg-positive
cases in Nahavand was 2.3%. The hepatitis B serologic
markers in the study subjects are shown in Table 1.
One hundred and fifteen family members including 8
(7%) mothers, 8 (7%) fathers, 11 (9.6%) sisters, 4 (3.5%)
brothers, 27 (23.5%) daughters, and 37 (32.2%) sons, 10
(8.7%) husbands, and 10 (8.7%) wives were enrolled.
Seventy-one (61.7%) of them were married.
In the participants, 23 (20.2%) had the education of
literacy, 19 (16.7%) diploma and 15 (13.2%) higher than
diploma, 33 (28.9%) were students and 26 (22.8%) were
housekeepers. Twelve (11%) of all family members were
HBsAg positive. Fifty (56.2%) were isolated HBsAb
positive and only one person (2.5%) was isolated HBcAb
positive.
Table 2 shows the relevance of HBV virologic markers
to the index case. Higher rates of HBsAg marker were
detected in the brothers (1-25%) and fathers (1-12.5%).
The prevalence of HBsAg-positive cases in sons and
daughters was identical (1.1%). The infection rate in husbands
and wives was 10%.
The most frequent relatives with HBsAb positive were
husbands and wives (5-71.4%) and then daughters (17-70.8%).
There was no positive HBsAb in fathers. Only one person
(son) was HBcAb positive.
It should be mentioned that the HBsAg-positive family
members were evaluated for HBeAg and HBeAb and all
of them were HBeAg negative and HBeAb positive. Also

Table 1 Frequency distribution of hepatitis B serologic markers in participants
HBsAg positive

Isolated HBcAb positive

Isolated HBsAb positive

HBcAb and HBsAb positive

Number (%)
Sex (male%)

42 (2.3)
54.8

143 (7.84)
44.1

212 (11.62)
41.5

217 (11.9)
53.9

Age (mean±SD)
Marriage (%)

40.2±18
66.7

55.2±16
71.3

37.3±22
51.4

52.8±17
80.2

Table 2 Frequency distribution of hepatitis B virologic markers in family members of index cases, n (%)
HBsAg positive

Isolated HBsAb positive

Isolated HBcAb positive

Mother

0 (0)

2/8 (25)

0 (0)

Father
Sister

1/8 (12.5)
1/8 (10)

0 (0)
5/8 (62.5)

0 (0)
0 (0)

Brother
Daughter

1/4 (25)
3/27 (1.1)

1/4 (25)
17/27 (63)

0 (0)
0 (0)

Son
Husband

4/37 (1.1)
1/10 (10)

15/37 (40.5)
5/10 (50)

1/37 (2.7)
0 (0)

Wife

1/10 (10)

5/10 (50)

0 (0)
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they had normal liver function test.
Only 2 (16.7%) of the HBsAg-positive participants
reported previous HBV vaccination, while 23 (46.9%) of
the subjects with isolated HBsAb had previous HBV
vaccination.

DISCUSSION
Among the 115 family members studied, sons and daughters
were the most frequent relatives. We had some limitations
in categorizing the data for discussion, because the number
of positive HBsAg cases in children was low (three daughters
and four sons). Sex proportion was identical in HBsAgpositive cases and others. Single participants were about
twice of married ones. The most frequent level of education
of family members was illiteracy and the most frequent
occupations were students and housekeepers. The population
less than 5 years old was not included in our study because
blood sampling was difficult. This can underestimate the
true frequency of hepatitis B in our population.
The mean age of HBsAg-positive cases was 40.2±18 years.
The phenomenon of e-seroconversion in this age group
may responsible for the low transmission rate of HBV in
our study in comparison to some other regions because
marriage age during recent years has increased in Iran. There
is no population-based study about genotypes of HBV in
Iran. In a limited study, genotype D is found to be the most
common genotype in patients with chronic hepatitis B[8].
In overall, 11% of family members were HBsAg positive.
There are different studies about HBV intra-familial transmission in the world that in the strongest ones, phylogenetic
sequence analysis and amino-acid variation of the HBV
core gene were performed. It is obvious that this way is the
only way to confirm HBV intra-familial transmission, but
due to lack of sufficient resources in present study, this
procedure was not possible[8-10].
In a study in 2002 in Italy [9], 49 individuals from 13
families with sibling clusters of positive HBsAg carriers are
investigated, HBV isolates are genotyped following amplification
of the surface gene region of the viral genome, thus providing
convincing evidence that viral isolates within a family originate
from the same source. It was reported that the prevalence
of HBsAg is significantly higher in family members than in
the control group (P<0.001)[10]. A study in South Korea also
reported that among 71 non-vaccinated HBsAg carriers,
10 are positive for HBsAg (14.1%), but none of the controls
is positive for HBsAg [11] . In a study in Spain, among
330 relatives of 145 HBsAg carriers observed over a mean
period of 20.1 mo, 284 were positive for at least one HBV
marker[6]. It was reported that relatives of 26 positive HBsAg
cases present an intra-familial prevalence of HBV infection
of 28.8%[12]. In other countries, variable results have been
reported[13-18].
In this study, the highest prevalence of HBsAg was in
the fathers and sons, and infection rate in the husbands and
wives was identical. A Turkey study showed that the husbands
had a higher rate of HBsAg than wives (70.0% vs 21.9%,
P<0.01)[10]. The high prevalence of HBsAg infection among
spouses may be due to sexual transmission in menstrual
period in other countries. In Iran, because of cultural and
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religious aspects, this way of intra-familial transmission has
a low prevalence. HBV transmission within families is greater,
if they have a HBsAg positive mother rather than a HBsAg
positive father[6]. The current results show that most of the
family members are not vaccinated for HBV infection, so
the necessity of HBV vaccination in HBsAg-positive family
members must be considered. It has been shown that only
half of the isolated HBsAb-positive persons have a history
of HBV vaccination. Some people might have insufficient
information about vaccines. Coexistence of HBsAg and
hepatitis B surface antibody (anti-HBs) has been reported
in approximately 24% of HBsAg-positive individuals[19] and
low level of HBsAg in some of our people with isolated
positive HBsAb may describe the above finding. We think
that repeat testing for HBcAb in people with isolated positive
HBsAb during a long time of follow-up may be helpful.
In conclusion, the prevalence of intra-familial HBV
infection is low in Nahavand of Iran. More attention should
be paid to HBV vaccination and risk-lowering activities.
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Abstract
AIM: To clarify clinical features of the NSAID-induced small
bowel lesions using a new method of endoscopy.
METHODS: This is a retrospective study and we analyzed
seven patients with small bowel lesions while taking
NSAIDs among 61 patients who had undergone doubleballoon endoscopy because of gastro-intestinal bleeding
or anemia between September 2000 and March 2004, at
Jichi Medical School Hospital in Japan. Neither conventional
EGD nor colonoscopy revealed any lesions of potential
bleeding sources including ulcerations. Double-balloon
endoscopy was carried out from oral approach in three
patients, from anal approach in three patients, and from
both approaches in one patient.
RESULTS: Ulcers or erosions were observed in the ileum
in six patients and in the jejunum in one patient, respectively.
The ulcers were multiple in all the patients with different
features from tiny punched out ulcers to deep ulcerations
with oozing hemorrhage or scar. All the patients recovered
uneventfully and had full resolution of symptoms after
suspension of the drug.
CONCLUSION: NSAIDs can induce injuries in the small
bowel even in patients without any lesions in both the
stomach and colon.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Adverse effects of non-steroidal anti-inflammatory drugs
(NSAIDs) in the upper and lower gastro-intestinal tract are
well known[1]. In addition, NSAIDs can induce and exacerbate
damage in the small bowel[2,3]. There is a study showing that
8.4% of patients taking NSAIDs developed small bowel
ulcerations[4]. Evidence that those lesions may also cause
perforation, strictures or hemorrhage stems from a casecontrol study and several case reports[5-14]. Despite the necessity,
endoscopic observation of the small intestine was technically
difficult because of its long length and multiple complex
looped configurations. Recently, a video capsule endoscopy,
which enables observation of the entire small bowel, was
developed and this novel technology provided an outstanding
progress for the diagnosis of small bowel diseases[15-19]. In
addition, we have developed a new method of endoscopy
using a double-balloon technique (Fujinon EN-450P5/20,
Fujinon Corp., Saitama, Japan), which also allows
observations of small bowel under controlled movement
even from a retrograde approach[20-23]. The aim of this study
was to delineate clinical features of the NSAID-induced
small bowel mucosal injuries using the double-balloon
endoscopy.
MA
TERIALS AND METHODS
MATERIALS
The records of all the patients who underwent doubleballoon endoscopy at Jichi Medical School Hospital, Japan
between September 2000 and March 2004 were reviewed.
Patients were identified from endoscopy case logs and crossreferenced with pathology database. Charts were also
reviewed for NSAID prescription in those patients. Necessary
telephone interview was also carried out. Patients with
pre-existing or concomitant risk factors for possible small
bowel complications, including Crohn’s disease and mesenteric
vascular disease, were excluded and all the patients with
evidence of other small bowel pathology were also excluded.
Reasons for exclusion on review of pathology included
inflammatory bowel disease, small bowel lymphoma, primary
or metastatic carcinoma, small bowel gastro-intestinal stromal
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tumor, small bowel granuloma, small bowel diverticulum,
angiodysplasia, and post-operative lesions. Two patients who
have been on NSAIDs, were excluded and seven patients,
in whom small bowel injuries were found while still on
NSAIDs, were selected among 61 patients with obscure
gastro-intestinal bleeding. These seven patients, two men
and five women, with ages ranging 65-89 years (73.7 years
on an average), were enrolled and subjected to the analysis.

RESUL
TS
RESULTS
Of these seven patients, six had melena and one had
undetermined anemia with positive fecal occult blood tests
during NSAID medications. Underlining disease of these
patients included knee joint pain, back pain, headache, and
rheumatoid arthritis. Neither conventional EGD nor
colonoscopy revealed any lesions of possible cause of bleeding
including ulcerations except for one patient (patient 1) in
whom gastric ulcer scar was observed. Drug usage by these
patients consisted of diclofenac in four patients (57%), and
either ampiroxicam, aspirin, or loxoprofen in each of the
remaining three patients, respectively (Table 1). Duration
of the medication was different for patients, ranging from
7 d to 10 years. More than five units of packed red blood
cell was required on an average for blood transfusion
before diagnosis.
Double-balloon endoscopy was carried out from oral
approach alone in three patients and from anal approach
alone in three patients. The approach route was chosen,
based on the clinical information including color of the
stool. The depth of insertion estimated from the number
of pleating procedures and the fluoroscopic images of the
small intestine and endoscope in these patients was difficult
but approximately 1/2-2/3 of the entire length of the small
intestine with rough estimation, although we have succeeded
in examining the entire small intestine from oral approach
alone in one patient. In addition, another patient underwent
total enteroscopy by both approaches. Patient’s demographics
are delineated in Table 1. Whether the lesions were located
in the jejunum or ileum was determined radiographically
based on a distance from either pylorus ring or ileocecal valve
in each case. Ulcers or erosions were observed in the ileum
in six patients (86%) and in the jejunum in one patient (14%).
The ulcers were multiple in all the patients with different
features from tiny punched out ulcers (Figure 1) to deep
ulcerations with oozing hemorrhage (Figure 2A) or scar.
Edematous villi around the ulcers were prominent features
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by the endoscopic observation. Oozing hemorrhage from
the ulcer, observed in one patient, was treated endoscopically
using coagulator (ERBE, German, Figure 2B). Of interest,
both circular ulcers (Figure 3A) and circular scars (Figure 3B)
were observed in a different part of the small bowel in the
same patient. Biopsies, taken from the edge of the ulcer in
two patients, revealed non-specific inflammation. All the
patients recovered uneventfully and had full resolution of
the symptoms in accordance with their hemoglobin levels
after suspension of the drug.

Figure 1 Endoscopic view of the punched-out ulcer in the ileum in a 65-yearold woman (patient 3). Edematous villi were observed around the ulcer.

DISCUSSION
This is a report to delineate NSAID-induced small bowel
injuries using double-balloon endoscopy. NSAID-induced
injuries were identified in seven out of 61 patients with
obscure gastro-intestinal bleeding (11.5%). Despite limitation
of this study due to the lack of observation of the entire
small bowel in most patients, NSAID-induced ulcers were
observed more frequently in the ileum than in the jejunum
in consistent with a previous report by Kessler et al.[13].
Further prospective study intended for evaluation of the
entire small bowel, if substantiated, will clarify the exact
distribution of NSAIDs-induced lesions. NSAIDs-induced
lesions, identified by endoscopy, were multiple with different
features from tiny ulcers to hemorrhagic ulcers or circular
ulcers. These different features of ulcers, even observed
in different parts of the small intestine in the same patient,
may represent different stages of ulcers. The ulcers may
be healing, because NSAIDs were suspended on the day of

Table 1 Clinical Features of the patients with nonsteroidal anti-inflammatory drug-induced small bowel lesions
Patient Age/sex Approach

Partial
/total

Findings

Location

Dose
(mg/d)

NSAIDs

Duration

Serum
albumin
(g/dL)

Blood
transfusion
(unit1)

12

89/M

Oral

Partial, -middle ileum

Ulcers and erosions

Ileum

27

Ampiroxicam

10 yr

2.1

10

2
3

69/F
65/M

Oral
Anal

Total
Partial, -upper jejunum

Ulcers
Ulcers and erosions

Ileum
Ileum

25
75

Diclofenac
Diclofenac

7 yr
1 wk

3.1
3.9

12
0

4
5

76/F
74/F

Anal
Anal

Partial, -middle ileum
Partial, -upper ileum

Ulcers
Erosions

Ileum
Ileum

25
100

Diclofenac
Aspirin

8 yr
4 yr

2.7
3.5

7
0

6
7

76/F
67/F

Ulcers
Ulcers

Jejunum
Ileum

120
75

Loxoprofen
Diclofenac

4 yr
1 yr

1.9
3.0

8
0

1

Oral
Partial, -upper ileum
Oral+anal
Total

1 unit = Packed blood cells separated from 450 mL of whole blood. 2Gastric ulcer scar was observed in this patient.

Hayashi Y et al. NSAID-induced small bowel injuries

A

Figure 2 Endoscopic view of the ulcer with oozing hemorrhage in the ileum in
a 74-year-old woman (patient 4). A: Before coagulation therapy; B: After

A

Figure 3 Endoscopic view of the (A) circular ulcer and (B) circular ulcer scar

admission in all patients. Alternatively, either the dose of
NSAIDs or the length that NSAIDs that was given, could
attribute to the difference in size and shape of the ulcers,
although such tendency was not observed in our study. Of
interest, we could observe circular ulcers and even circular
scars in the same patients. This observation may reinforce
the association between ulcers and severe strictures in the
small bowel after NSAID therapy. Further study describing
the feature of circular ulcers is warranted for better
understanding of these relationships.
In conclusion, NSAID-induced injuries in the small bowel
were endoscopically observed and described using doubleballoon endoscopy. NSAIDs-induced ulcers were found in
the small bowel even in patients without any ulcers and
erosions in the stomach as well as colon. Although this was
a preliminary study, double-balloon endoscopy was useful
for the direct observation and description of each lesion in
detail by anterograde as well as retrograde approach.
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Abstract
AIM: To determine the effect of oral erythromycin on gastric
and small bowel transit time of capsule endoscopy.
METHODS: Consecutive patients who underwent capsule
endoscopy during the 16-mo study period were either
given 250 mg oral erythromycin, 1 h prior to swallowing
the capsule endoscope or nothing. The gastric and small
bowel transit time, and the small bowel image quality
were compared.
RESULTS: Twenty-four patients received oral erythromycin
whereas 14 patients were not given any prokinetic agent.
Patients who received erythromycin had a significantly lower
gastric transit time than control (16 min vs 70 min, P = 0.005),
whereas the small bowel transit time was comparable
between the two groups (227 min vs 183 min, P = 0.18).
Incomplete small bowel examination was found in three
patients of the control group and in one patient of the
erythromycin group. There was no significant difference
in the overall quality of small bowel images between the
two groups. A marked reduction in gastric transit time
was noted in two patients who had repeat capsule
endoscopy after oral erythromycin.
CONCLUSION: Use of oral erythromycin significantly
reduces the gastric transit time of capsule endoscopy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The introduction of wireless capsule endoscopy, which

has made direct visualization of the small bowel possible,
has opened up a new chapter on small bowel imaging. Initial
comparative studies showed that wireless capsule endoscopy
is superior to push enteroscopy [1-4] or conventional
radiological imaging[5]. The wireless capsule endoscopy is
approved by the Food and Drug Administration of USA
and is particularly useful for the diagnosis of obscure
gastrointestinal bleeding.
With the limited battery life, the current capsule
endoscope could take images for up to 8 h. Any delay in
gastric transit may inadvertently result in incomplete small
bowel examination. Whilst the capsule endoscope is passively
propelled by peristalsis down the intestinal lumen, it is
impossible to predict the time required for the capsule
endoscope to navigate through the stomach. Although the
use of prokinetic agents may potentially speed up the gastric
emptying time, the effect of prokinetic agents on the outcome
of wireless capsule endoscopy remains undetermined.
Among various prokinetic agents, erythromycin, a motilin
agonist, has been used to speed up gastric emptying in
patients with gastroparesis [6-8]. Moreover, the use of
intravenous erythromycin has been shown to improve the
quality of upper gastro-intestinal endoscopy in patients with
upper gastro-intestinal bleeding, possibly via emptying of
the blood contents within the stomach [9] . Here, we
determined the effects of oral erythromycin on the gastric
and small bowel transit time of the capsule endoscope as
well as the quality of small bowel images in patients
undergoing capsule endoscopy.

MA
TERIALS AND METHODS
MATERIALS
Patients
Consecutive patients who underwent capsule endoscopy in
the Prince of Wales Hospital of Hong Kong between
December 2002 and March 2004 were included. The use
of prokinetic agents in these patients was based on the date
of the procedure. All patients who had this examination
after October 2003 received oral erythromycin (250 mg)
1 h prior to swallowing the capsule endoscope. In contrast,
patients who had capsule endoscopy before October 2003
did not receive any prokinetic agent and were used as
controls. Exclusion criteria included patients with swallowing
difficulties, previous gastric or small bowel surgery, allergic
to erythromycin, use of other prokinetic agents, and known
or suspected bowel obstruction. All patients gave informed
consent for undergoing the procedure.
A total of 38 patients had capsule endoscopy during the
16-mo study period. There were 17 males and 21 females
with a mean age of 60.3 (SD 18.1 years) years. Twenty-four

4866

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

(63%) patients were given oral erythromycin (250 mg) prior
to swallowing the capsule endoscope (erythromycin group)
whereas 14 (37%) patients did not receive any prokinetic
agent (control group). None of the patients in the
erythromycin group experienced any abdominal discomfort
or gastrointestinal upset.
The indications of capsule endoscopy were as follows:
unexplained iron deficiency anemia in 11, obscure
gastro-intestinal bleeding in 20, recurrent abdominal pain
in 6, and Crohn’s disease in 1. Ten patients had diabetes
mellitus and none of them was taking medications that
would alter the gastric or intestinal motility. There was no
significant difference in the demographic data, body build,
history of diabetes or thyroid disease, and indications of
capsule endoscopy between the two groups of patients
(Table 1).
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ileo-cecal valve, small bowel transit time was defined as the
time taken between the first duodenal image and the first
cecal image. Cases having capsules passed to the cecum
were considered to be complete small bowel examination.
The overall quality of small bowel images was graded as
satisfactory or unsatisfactory by the viewers according to
the percentage of good and clear images that were not
obscured by food particles or bile. Satisfactory image was
defined when more than 90% of the images were optimal
and clear. All discrepant findings between the two viewers
were resolved on discussion.
Statistical analysis
Categorical data were analyzed by Pearson χ2 test whereas
numerical data were analyzed by Student’s t-test. All statistical
analyses were made by the statistical software SPSS version
11.5 (SPSS Inc., Chicago, IL, USA). A two-sided P value of
less than 0.05 was considered statistically significant.

Table 1 Baseline characteristics of patients
Erythromycin
(n = 24)
Mean age±SD (yr)
Male (%)
Mean body mass index (±SD)
Diabetes mellitus (%)

62.7±17.8

Control
(n = 14)
56.3±18.6

9 (37.5)

8 (57.1)

22.9±3.8

22.3±3.2

7 (29.2)

3 (21.4)

Indication
Iron deficiency anemia (%)
Obscure gastro-intestinal bleeding (%)

6 (25)

5 (36)

12 (50)

8 (57)

Recurrent abdominal pain (%)

5 (21)

1 (7)

Crohn’s disease (%)

1 (4)

0 (0)

Capsule endoscopy
Capsule endoscopy was performed after 12 h of fasting.
Eight aerials, which were connected to a battery-powered
portable data recorder, were attached to the chest and
abdominal wall of the patients prior to the procedure.
Patients were asked to swallow the M2A® capsule endoscope
(Given Imaging, Yoqneam, Israel) with plenty of water
mixed with simethicone to eliminate small bubbles in the
gastrointestinal tract. No bowel cleansing agent was used.
Patients were allowed to resume clear fluid diet, 4 h after
swallowing the capsule endoscope. The sensor array and
recorder were removed from the patients after 8 h of
recording. The recorded images were then downloaded to
the workstation and viewed by the RAPID software (Given
Imaging). Patients were monitored for any abdominal
discomfort and pain during and after the examination. The
time of spontaneous passage of the capsule endoscope was
recorded. Patients who were uncertain of the natural
passage of the capsule endoscope were called back for
abdominal x-ray to check for possible retention of the
capsule endoscope.
Gastric and small bowel transit time
All capsule images were independently viewed by two
endoscopists who were unaware of the use of prokinetic
agents. Gastric transit time was defined as the time taken
from the first gastric image to the first duodenal image.
Due to the potential difficulty in accurately identifying the

RESUL
TS
RESULTS
Effects of erythromycin on gastric transit time
There was no retention of the capsule endoscope in these
38 examinations. The mean gastric and small intestinal transit
time in all patients was 35.9 and 218 min respectively.
Notably, the gastric transit time was significantly lower
in the erythromycin group. The mean gastric transit was
15.8 min (range <1-60 min) in the erythromycin group and
70.2 min (range 1-298 min) in the control group (P = 0.005).
While the longest gastric transit time in the erythromycin
group was 60 min, five (36%) patients in the control group
had gastric transit time of more than 1 h. On the other
hand, there was no significant difference in the gastric transit
time between diabetic and non-diabetic patients (mean 34.2
vs 36.4 min, P = 0.92). There was also no significant
association between gastric transit time and age (P = 0.88),
gender (P = 0.73), or body mass index (P = 0.22) of the
patients.
Effects of erythromycin on small bowel examination
One (4%) patient in the erythromycin group had incomplete
small bowel examination due to the prolonged small bowel
transit time of more than 7 h. In contrast, 3 (21%) patients
in the control group had incomplete small bowel examination
(P = 0.13 vs erythromycin group). The reasons were the
prolonged gastric and small bowel transit time in two and
technical failure in one. For those who had complete small
bowel examination, the small bowel transit time was
comparable in the erythromycin (mean 227 min, range
85-446 min) and control groups (183 min, range 117-401 min;
P = 0.18, Table 2). Unsatisfactory images were obtained
in 46% patients of the erythromycin group and in 36% of
patients of the control group (P = 0.74).
Effects of erythromycin on repeat capsule endoscopy
Four patients had repeat capsule endoscopy due to
incomplete or sub-optimal examination. The minimal interval
between the two examinations was 4 d. Two patients
received erythromycin only on the second examination while
the other two patients received erythromycin in both

Leung WK et al. Prokinetic and capsule endoscopy
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Gastric transit time (min)

examinations. As shown in Figure 1, there was a marked
reduction in gastric transit time of the two patients who
were given erythromycin in the second examination. In
contrast, there was no apparent change in gastric transit
time of the two patients who were given erythromycin in both
examinations. The gastric transit time was less than 50 min in
all examinations pre-treated with oral erythromycin.

350

CSK

300

LMZ

250

WT

200

MPH

150
100
50
0
1st

2nd

Figure 1 Changes in gastric transit time in patients undergoing repeated
capsule endoscopy. Four patients had repeat capsule endoscopy examinations.
Two patients (CSK and LMZ), as shown by the black lines, received only
erythromycin on the second examination and there was a marked reduction in
gastric transit time in the second examination after the use of oral erythromycin.
The other patients (WT and MPH), as illustrated by the dotted lines, received
erythromycin in both examinations and the gastric emptying time was less than
50 min in both examinations.

Table 2 Gastric and small bowel transit of capsule endoscopy in
two groups of patients (mean±SD)
Erythromycin
(n = 24)
Gastric transit time (min)
Small bowel transit time (min)
Incomplete small bowel examination (%)
Image quality (%)
Satisfactory
Unsatisfactory

Control
(n = 14)

P

15.8±16.8
226.5±84.0

70.3±88.1
183.0±91.2

0.005
0.18

1 (4)

3 (21)

0.13

13 (54)
11 (46)

9 (64)
5 (36)

0.74

DISCUSSION
As gastric and small bowel transit time shows considerable
inter-individual variations and the prime interest of the
capsule endoscopy is to examine the small bowel only, ways
to enhance gastric transit time without compromising small
bowel examination would potentially improve the outcome
of this investigation. However, the effect of prokinetic
agent on this relatively new examination remains elusive. In
this study, we specifically addressed the effect of oral
erythromycin on gastric and small bowel transit time in
patients undergoing capsule endoscopy.
Erythromycin promotes gastric emptying by binding to
motilin receptors and acts as a motilin agonist. The use of
low dose intravenous erythromycin has been shown to
improve gastric emptying in patients with diabetic
gastroparesis[7]. Moreover, erythromycin infusion prior to
endoscopy in patients with recent hematemesis has been
shown to make endoscopy easier, and reduces the need for
a repeat procedure by enhancing the emptying of blood

within the stomach[9]. Results from this study showed that
the use of low dose oral erythromycin could enhance gastric
transit time of the wireless capsule endoscopy. The gastric
transit time in the 24 patients who received erythromycin
was all within 60 min. In contrast, 5 (36%) patients in the
control group had gastric transit time of more than 1 h. In
a previous volunteer study, it was noted that the mean
gastric transit time of capsule endoscopy is 63 min (range
10-319 min)[10]. This result is comparable to the findings in
our control group. To further support our findings, there
was a marked reduction in gastric transit time in the two
patients who used oral erythromycin on the second
examination only.
Other than speeding up the gastric transit time, the use
of erythromycin was not associated with any significant
changes in small bowel transit time. On the other hand,
patients receiving erythromycin tended to have a higher
rate of complete small bowel examination. This is probably
due to the shortened gastric transit time instead of alterations
in small bowel passage by the use of erythromycin. More
importantly, the use of erythromycin did not appear to alter
the overall quality of small bowel images. The percentage
of “unsatisfactory” small bowel images reported in this study
was relatively high, which may be related to the use of very
stringent criteria for satisfactory images, i.e., >90% clear
and optimal images. Moreover, we did not use any bowel
cleansing agent in this study, which may further improve
the quality of small bowel images[11]. It was shown in a small
uncontrolled study that the use of polyethylene glycol may
also shorten the transit time of the capsule endoscopy
through the stomach and small bowel[12]. It remains to be
determined whether the combined use of prokinetic agents
and bowel cleansing agent has synergistic effect on small
bowel transit time.
Erythromycin is a safe and cheap antibiotic, which can
be conveniently given via oral route. It is also relatively free
of adverse reactions including drug sensitivity. Although
most published data used an intravenous preparation of
erythromycin, we found that the use of oral dosage was
also effective for this purpose. Apart from erythromycin,
there are several other prokinetic agents that may be used
in reducing gastric transit time during capsule endoscopy.
Cisapride, which was previously used as a gastric prokinetic
agent, is associated with fatal arrhythmia in susceptible
individuals [13,14] and has been withdrawn by the Food
and Drug Administration in 1999[15]. Domperidone and
metoclopramide are also used in treating symptomatic
patients with gastroparesis. However, the latter is not
infrequently associated with extra-pyramidal side effects.
Recently, the 5-HT4 receptor partial agonist, tegaserod, is
found to accelerate gastric emptying and gastro-intestinal
transit time in healthy male subjects[16]. Whether these drugs
can also be used as prokinetic agents for capsule endoscopy
remains to be determined and it is interesting to compare
the effects of different prokinetic agents in future studies.
Although this was a non-randomized study, most of the
potential confounding factors were comparable in the two
groups. All demographic and clinical details of the two
groups were matched. Moreover, all viewers were blinded
to the clinical information of the patients. With the shortened
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gastric transit time, it is not difficult to anticipate that the
time spent by the examiners on reviewing the images would
be reduced accordingly. This may be another advantage of
using prokinetic agents in this rather time-consuming
examination.
In summary, erythromycin given orally prior to
swallowing capsule endoscope significantly reduces the gastric
emptying time without compromising small bowel transit
time and image quality. Further randomized study is
necessary to evaluate the role of various prokinetic agents
in the performance of capsule endoscopy.
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Abstract
AIM: The role of the appendix has been highlighted in the
pathogenesis of ulcerative colitis (UC). The aims of this
study were to elucidate the immuno-imbalances in the
appendix of UC patients, and to clarify the role of the
appendix in the development of UC.
METHODS: Colonoscopic biopsy specimens of the
appendix, transverse colon, and rectum were obtained
from 86 patients with UC: active pancolitis (A-Pan; n = 15),
active left-sided colitis (A-Lt; n = 25), A-Lt with appendiceal
involvement (A-Lt/Ap; n = 10), inactive pancolitis (I-Pan;
n = 14), and inactive left-sided colitis (I-Lt; n = 22),
and from controls. In the isolated mucosal T cells, the
CD4/CD8 ratio and proportion of activated CD4+ T cells
were investigated, and compared with controls.
RESULTS: In the appendix, the CD4/CD8 ratio significantly
increased in A-Lt and A-Lt/Ap. The ratio in the appendix
also tended to increase in A-Pan. In the rectum, the ratio
significantly increased in all UC groups. In the appendix,
the proportion of CD4+CD69+ (early activation antigen)
T cells significantly increased in all UC groups. In the
rectum, the proportion of CD4+CD69+ T cells significantly
increased only in A-Pan. The proportion of CD4+HLADR+ (mature activation antigen) T cells significantly
increased only in the rectum of A-Pan, but not in the other

areas of any groups.
CONCLUSION: The increased CD4/CD8 ratio and
predominant infiltration of CD4+CD69+ T cells in the
appendix suggest that the appendix is a priming site in
the development of UC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Although the triggering factor for ulcerative colitis (UC) is
still unknown, cytokine imbalance and the production of
inflammatory mediators by activated CD4+ T cells play an
important role in the pathogenesis of UC. T helper type 2
cells and their cytokines, particularly interleukin (IL)-4, have
been suggested to enhance the development of UC [1].
Recently, regulatory T cells, characterized by the expression
of cell surface markers CD4 and CD25, have been shown
to actively suppress immune responses, and lack of
regulatory T cells leads to organ-specific autoimmunity[2].
On the other hand, a sub-population of CD8+ T cells also
suppresses the response of activated CD4+ T cells and B
cells through an interaction that depends on expression of
the major histocompatibility complex class Ib molecule Qa-1,
the mouse homolog of human leukocyte antigen (HLA)-E[3].
However, the precise role of these regulatory T cells in UC
remains unclear.
Although human appendix is considered as a vestigial
remnant[4], recent observations have focused attention on
the role of the appendix in the pathogenesis of UC. Many
case-control studies suggest that previous appendectomy is
rare in UC patients[5-7], raising the possibility that appendectomy
protects against the subsequent development of UC[8-11].
Patients with previous appendectomy also have a delayed
onset of UC[8,9], a reduced need for immunosuppression
therapy and proctocolectomy[8,10], and a reduced relapse rate
and extent of UC[11]. Appendectomy in T-cell receptor
(TCR)-α deficient mice suppresses the development of
experimental colitis[12]. Moreover, we first reported a patient
with improvement of left-sided UC after appendectomy[13].
Although these findings support that the appendix may be

4870

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

August 21, 2005 Volume 11 Number 31

related to the pathogenesis of UC, the immunological role
of human appendix is unknown.
Extensive infiltration of lymphocytes, especially CD4+
T cells[14], has been observed in the inflamed mucosa of
UC patients[15]. Activated CD4+ T cells exhibit increased
cytotoxic activity[16] and secrete cytokines that enhance the
inflammatory state resulting in tissue injury[17,18]. Several
studies concerning T-cell subsets in the resected appendix
have been performed previously [19], but very few have
focused on the activation status of the immune cells in the
appendix as well as in the uninflamed mucosa. In this study,
we investigated the CD4/CD8 ratio and proportion of
activated CD4+ T cells in the inflamed and uninflamed
colonic mucosa, especially in the appendiceal mucosa, of
UC patients in order to clarify the role of the appendix in
the development of UC.

without appendiceal involvement (I-Lt; n = 22), and inactive
left-sided colitis with appendiceal involvement (I-Lt/Ap;
n = 0). Because the inflamed mucosa in the appendiceal
orifice may be restructured by the normal mucosa after
treatment, there were no patients with I-Lt/Ap. The
characteristics of each group are summarized in Table 1.
There was no significant difference in sex (the χ2 test or
Fisher’s exact test) and age (Student’s t-test) among groups.
At the time of the study, 27 patients with active UC and
3 patients with inactive UC had received no medications.
Twenty-five patients were treated with salazosulfapyridine
(SASP) (1 000-6 000 mg/d) only, 12 were treated with
mesalazine (5-ASA) (1 000-2 250 mg/d) only, 2 were treated
with prednisolone (PDN) (10 mg/d) only, 12 were treated
with PDN (5-20 mg/d) plus SASP (1 500-4 500 mg/d),
and 5 were treated with PDN (5-20 mg/d) plus 5-ASA
(1 000-2 250 mg/d).

MA
TERIALS AND METHODS
MATERIALS
Subjects
UC patients with toxic megacolon, coexistence of known
cancer, complication of extra-intestinal disease, past colectomy,
poor general condition, and no consent to participate in the
study were excluded. A total of 86 patients with UC and 27
control subjects were subsequently enrolled in the study.
Informed consent to participate in this study was obtained
from each patient. The diagnosis of UC was based on the
established clinical, endoscopic, histological, and/or
radiological criteria [20]. Patients with no malignant or
inflammatory colonic disorders, including adenomatous
polyps (n = 8), diverticular disease (n = 6), non-specific
abdominal pain (n = 5), family history of colorectal cancer
(n = 4), and chronic constipation (n = 4) served as the
control subjects. Patients receiving non-steroidal antiinflammatory drugs or immuno-regulatory drugs, such as
corticosteroids and azathioprine were excluded from
controls. There was no history of appendectomy both in
the patients and controls.

Cell isolation
We obtained colonic mucosal samples from UC patients
and control subjects. At diagnostic or follow-up total
colonoscopy when the activity and extent of the disease
were evaluated, biopsy specimens from the appendix near
the appendiceal orifice, transverse colon, and rectum (four
specimens in each area) were obtained. We isolated mucosal
mononuclear cells from biopsy specimens, as previously
described[22]. The initial viability of the cellular suspensions
exceeded 95% in all instances when estimated by the trypan
blue dye exclusion test. The viability was maintained at
>80% during the entire assay period.

Scoring system of disease activity
The disease activity was evaluated based on the endoscopic
findings according to the scoring system as reported
previously[21]: grade 0, normal vascular pattern; grade 1,
erythema with loss of vascular pattern; grade 2, grade 1
plus contact bleeding; grade 3, grade 1 plus spontaneous
bleeding; and grade 4, grade 1 plus obvious ulceration. We
defined the grades 0 and 1 as inactive disease, and the other
grades as active disease. The disease extent was also classified
endoscopically into three subgroups: pancolitis and left-sided
colitis (involvement up to the splenic flexure) with and
without appendiceal involvement (skipped erosions in the
appendiceal orifice).
Disease activity and patients
A total of 86 patients with UC were divided into six groups
according to the activity and extent of the disease: active
pancolitis (A-Pan; n = 15), active left-sided colitis without
appendiceal involvement (A-Lt; n = 25), active left-sided
colitis with appendiceal involvement (A-Lt/Ap; n = 10),
inactive pancolitis (I-Pan; n = 14), inactive left-sided colitis

Flow cytometric analysis
Mucosal mononuclear cells were analyzed by two-color or
three-color flow cytometry with the following mAbs: antiCD4-PE/anti-CD8-FITC (Coulter Immunology, Tokyo,
Japan), anti-CD45 (leukocyte common antigen)-PE-Cy5
(Immunotech, Cedex, France), anti-CD4-PE (Nichirei, Tokyo,
Japan), anti-CD69 (early activation antigen)-FITC (BectonDickinson, Tokyo, Japan), and anti-HLA-DR (mature
activation antigen)-FITC (Immunotech). The isolated cells
for 30 min, and
were incubated with antibodies at 4
washed thrice in FACS buffer (PBS, sodium azide 0.01%,
and bovine serum albumin 0.1%, Sigma, St. Louis, USA),
and applied for flow cytometry (EPICS XL system II,
Coulter Company).
We first analyzed the phenotyped cells by two-color flow
cytometry. After the cell suspensions were initially visualized
in the forward scatter/side scatter profile, lymphocyte
populations were gated to exclude monocytes. The proportion
of CD4+ and CD8+ T cells in the total lymphocyte
populations was expressed as CD4/CD8 ratio.
By three-color flow cytometry, we also analyzed the
activated CD4+ T cells. In the process of T cell activation,
CD69, CD25, CD71, and HLA-DR antigens are serially
expressed on the surface of T cells. To identify this process,
we investigated the expressions of CD69 (early activation
antigen) and HLA-DR (mature activation antigen). After
the cell suspensions were visualized, lymphocyte populations
were gated as defined by CD45 (leukocyte common antigen)
expression. The proportion of CD4+CD69+ and CD4+HLA-
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Table 1 Characteristics of patients with ulcerative colitis and normal subjects
A-Pan

A-Lt

A-Lt/Ap

I-Pan

I-Lt

Normal subjects

Number of patients
Sex (M/F)

15
7/8

25
13/12

10
6/4

14
9/5

22
11/11

27
15/12

Age (yr)
Mean

36.4

40.3

35.5

41.4

50.7

43.6

11-69

22-76

18-64

17-78

23-73

16-65

Range
Medications
None
SASP

7
2

11
7

9
0

1
5

2
11

27
0

5-ASA
PDN

2
1

5
0

1
0

1
0

3
1

0
0

SASP+PDN
5-ASA+PDN

3
0

2
0

0
0

3
4

4
1

0
0

A-Pan, active pancolitis; A-Lt, active left-sided colitis; A-Lt/Ap, active left-sided colitis with appendiceal involvement; I-Pan, inactive pancolitis; I-Lt, inactive left-sided
colitis; PDN, prednisolone; SASP, salazosulfapyridine; 5-ASA, mesalazine.

Table 2 CD4/CD8 ratio in the colon (mean±SD)
A-Pan
Rectum

2.3±2.0

Transverse
Appendix

1.5±0.7
3.2±1.3

A-Lt
a

3.6±1.6

A-Lt/Ap
b

1.1±0.4
3.5±1.3a

I-Pan

b

4.9±2.2

1.8±1.0

1.8±0.4a
3.9±0.9a

0.9±0.5
2.9±1.9

I-Lt
a

Controls
b

2.4±2.0

1.0±0.6

1.3±0.9
2.6±1.4

1.2±0.8
2.6±1.1

a
P<0.05, bP<0.01 vs controls. A-Pan, active pancolitis; A-Lt, active left-sided colitis; A-Lt/Ap, active left-sided colitis with appendiceal involvement; I-Pan, inactive
pancolitis; I-Lt, inactive left-sided colitis.

DR+ T cells in the total lymphocyte populations was calculated.
Prior to the present study, we performed a pilot study
with immuno-flow cytometric analysis in UC patients (APan: n = 7 and A-Lt/Ap: n = 3), ascending colon cancer
patients (n = 5), and ascending colon diverticulitis patients
(n = 5). The population of T cells, expressing CD4, CD8,
CD69, and HLA-DR antigens, in pre-operative biopsy
samples of the appendix near the appendiceal orifice and
in mucosal samples of resected appendix, was similar in
each patient. The results of the pilot study suggested that
the analysis of biopsy samples of the appendix near the
appendiceal orifice represented those of the appendix.
Statistical analysis
All values were expressed as mean±SD. The Student’s ttest for comparisons among groups was used for statistical
analysis. P<0.05 (two-tailed) was considered statistically
significant.

RESUL
TS
RESULTS
CD4/CD8 ratio in appendix
In the appendix, the CD4/CD8 ratio both in A-Lt (P = 0.0166)
and A-Lt/Ap (P = 0.0445) significantly increased compared
with that in controls (Table 2). Moreover, the CD4/CD8
ratio significantly increased both in A-Lt (P = 0.0452) and
A-Lt/Ap (P = 0.0445) compared with that in I-Lt. The ratio
in A-Pan tended to increase compared with that in controls
(P = 0.1654) and in I-Pan (P = 0.6890). The ratio tended to
increase in A-Lt/Ap compared with that in A-Lt (P = 0.7370).
Interestingly, as the CD4/CD8 ratio in the appendix
increased, the ratio in the rectum tended to increase,
suggesting that some relations might be present in the
immune responses between the appendix and the rectum.

CD4/CD8 ratio in transverse colon
In the normal appearance transverse colon of A-Lt/Ap,
the CD4/CD8 ratio significantly increased compared with
that in controls (P = 0.0374, Table 2). The ratio tended to
increase in A-Lt/Ap compared with that in I-Lt (P = 0.3051).
The ratio significantly increased in A-Lt/Ap compared with
that in A-Lt (P = 0.0064), and in A-Pan compared with that
in I-Pan (P = 0.0442).
CD4/CD8 ratio in rectum
In the rectum, the CD4/CD8 ratio significantly increased
in all UC groups (A-Pan; P = 0.0102, A-Lt; P<0.0001, and
A-Lt/Ap; P<0.0001), even in I-Pan (P = 0.0109) and I-Lt
(P = 0.0046), compared with that in controls (Table 2). The
ratio also significantly increased both in A-Lt (P = 0.0343)
and A-Lt/Ap (P = 0.0236) compared with that in I-Lt. The
ratio tended to increase in A-Lt/Ap compared with that in
A-Lt (P = 0.1436), and in A-Pan compared with that in
I-Pan (P = 0.4682). These findings suggested that the
CD4/CD8 ratio might represent the inflammation degree
in the mucosa.
Early activated T cells
In the appendix, the proportion of CD4+CD69+ (early
activation antigen) T cells significantly increased in all UC
groups (A-Pan; P = 0.0013, A-Lt; P = 0.0042, and A-Lt/Ap;
P = 0.0245), even in I-Pan (P<0.0001) and I-Lt (P = 0.0357),
compared with that in controls (Table 3), but there were no
significant differences among UC groups. In the transverse
colon, the proportion did not significantly increase in any
UC groups compared with that in controls. In the rectum,
the proportion significantly increased only in A-Pan (P = 0.0497),
but not in the other groups, compared with that in controls.
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Table 3 Activated T cells in the colon (mean±SD, %)
A-Pan

A-Lt

A-Lt/Ap

I-Pan

I-Lt

Controls

CD4+CD69+ T cells
Rectum

27.8±4.6a

23.2±5.0

24.0±7.6

24.5±6.2

28.2±8.6

23.1±4.1

Transverse
Appendix

25.0±5.7
26.6±3.0b

20.4±7.8
28.0±7.0b

23.4±4.3
26.0±4.0a

21.5±7.3
28.9±3.9b

22.1±6.2
25.4±7.3a

21.0±9.1
19.6±4.1

CD4+HLA-DR+ T cells
Rectum

15.2±6.2a

10.1±3.8

7.3±2.4

11.6±4.1

11.1±6.0

8.6±4.7

Transverse
Appendix

13.2±5.0
8.9±2.4

7.9±4.0
9.9±4.1

9.1±4.9
9.9±2.4

14.9±6.7
12.6±2.8

9.5±3.7
10.9±4.3

9.5±5.3
8.8±3.6

a
P<0.05, bP<0.01 vs controls. A-Pan, active pancolitis; A-Lt, active left-sided colitis; A-Lt/Ap, active left-sided colitis with appendiceal involvement; I-Pan, inactive
pancolitis; I-Lt, inactive left-sided colitis.

Late activated T cells
The proportion of CD4+HLA-DR+ (mature activation
antigen) T cells in the rectum significantly increased only in
A-Pan compared with that in controls (P = 0.0299), while
the proportion of CD4+HLA-DR+ T cells in the appendix
did not significantly increase in any UC groups, compared
with that in controls (Table 3). The proportion in the
transverse colon also did not significantly increase in any
UC groups compared with that in controls.
Effects of drugs on CD4/CD8 ratio and activated T cells
To identify the effects of drug treatment on the profiles of
T cells, we analyzed the CD4/CD8 ratio and proportions
of CD4+CD69+ and CD4+HLA-DR+ T cells in active
UC patients with medication (A-Pan; n = 8, and A-Lt; n = 14)
and those without medication (A-Pan; n = 7, and A-Lt; n = 11).
Although the CD4/CD8 ratio in the transverse colon of
A-Pan significantly increased in the patients without
medication compared with those with medication (P = 0.0306),
the other ratios and proportions were not significant between
the patients with medication and those without medication.
Our results were therefore not so influenced with medical
therapy.

DISCUSSION
Although the pathogenesis of UC has not been determined,
an abnormal mucosal immune response plays a major role
in the development and pathophysiology of UC[23,24]. There
are few studies investigating the immune-regulatory cells in
the appendix of patients with UC, especially with left-sided
UC. Most studies have used cells isolated from colectomy
specimens involving the disease to detect local immune
abnormality[23,24]. Because colectomy is usually performed
in severe and refractory cases, mostly in pancolitis cases,
but not in other active or inactive cases after a period of
medical therapy, these studies may not cover the whole
spectrum of disease activity [25]. We therefore used cells
isolated from colonoscopic biopsy specimens of UC patients
with a wide range of disease activity, but the appendiceal
mucosa is usually hard to obtain by biopsy. In this study,
biopsy specimens of the appendix near the appendiceal
orifice were used, instead of specimens of the appendix
itself, because our prior pilot study showed that the analysis
of biopsy samples of the appendix near the appendiceal
orifice represented those of the appendix.

Although CD4+ and CD8+ T cells contain counterpart
functions, such immuno-activation as helper/inducer T cells
and immuno-suppression as regulatory T cells, the CD4/CD8
ratio is one of the most reflective markers for immune
activation[14,26]. In the present study, the CD4/CD8 ratio in
the appendix significantly increased both in A-Lt and A-Lt/Ap
compared with that in controls (Table 2). The ratio in the
appendix also tended to increase in A-Pan compared with
that in controls. Interestingly, as the CD4/CD8 ratio in the
appendix increased, the ratio in the rectum tended to increase,
suggesting that some relationships might be present in the
immune responses between the appendix and the rectum.
In the normal appearance transverse colon of A-Lt/Ap,
the CD4/CD8 ratio significantly increased compared with
that in controls (Table 2). In the entire colon, the CD4/CD8
ratio tended to increase in A-Lt/Ap compared with that in
A-Lt, but it was significant only in the transverse colon.
Matsumoto et al. [27], also reported that the histological
inflammation grade in the entire colon was higher in A-Lt/Ap
than that in A-Lt. The grade was significant both in the inflamed
appendiceal orifice (P<0.001) and in the uninflamed ascending
colon (P<0.05). The CD4/CD8 ratio therefore may represent
the inflammation degree in the mucosa.
Even in the inactive UC groups, the CD4/CD8 ratio
significantly increased in the rectum compared with that in
controls. Most patients with inactive UC have low-grade
inflammation, and it is possible that symptomatic relapse
occurs only when the inflammatory process reaches a critical
intensity[28]. Also, because inflammation is a continuous
process, direct assessment of the level of inflammatory
activity may provide a quantitative pre-symptomatic measure
of imminent clinical relapse of the disease[28]. In our study,
the increased CD4/CD8 ratio suggested that the significant
immuno-imbalance was persistent in the inactive rectum.
Because patients with inactive UC even receiving maintenance
therapy are easy to relapse[29], we suspect that the disease
can relapse when the immuno-imbalance is persistent in the
rectum.
Recent investigations including TCR-α deficient mice
colitis models suggest that non-pathogenic enteric bacterial
flora may be involved in the induction of colitis [12,30] .
However, it is unclear which part of the colon is involved
in priming luminal antigens as the inductive site. To identify
the priming site, we compared early- and late-activated
CD4+ T cells with CD69 as an early activation antigen and
HLA-DR as a late activation antigen, respectively. In the
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appendix, the proportion of CD4+CD69+ T cells significantly
increased in all UC groups, even in the inactive UC groups,
compared with that in controls (Table 3). In the transverse
colon, the proportion did not significantly increase in any
UC groups compared with that in controls. In the rectum,
the proportion significantly increased only in A-Pan, but
not in the other groups, compared with that in controls.
The proportion of CD4+HLA-DR+ T cells significantly
increased only in the rectum of A-Pan, but not in the other
areas of any groups compared with that in controls (Table 3).
These findings suggest that the appendix may be a priming
site in the development of UC. In A-Pan, the CD4/CD8
ratio tended to increase in all areas compared with that in
controls, but it was significant only in the rectum (Table 2),
where the proportions of CD4+CD69+ and CD4+HLADR+ T cells significantly increased compared with those in
controls (Table 3). The findings suggest that the appendix
may not play a major role in extended colitis.
In TCR-α-deficient mice, the pathological T cells are
initially concentrated in the appendix[31]. Mucosal TCR-αβ+
T cells, including CD4+ T cells, in IL-2-deficient mice appear
in the colon prior to the manifestation of colitis[16]. An increase
of identical T cell clones involved in the development of
inflammation is detectable in the uninflamed appendix and
the inflamed colon of UC patients as well as in TCR-αdeficient mice[32,33]. Therefore, the increased CD4+CD69+
T cells indicate that CD4+ T cells may be initially activated
in the appendix, and may re-circulate to the entire colon
and rectum (increased CD4/CD8) prior to the manifestation
of UC, and inflammation originating from the rectum
extends to the entire colon. The reason why the inflammation
begins in the rectum is unknown.
We first reported the improvement of UC (A-Lt/Ap)
without medication during the 3 years after appendectomy
in a young patient (21-year-old), and proposed that
appendectomy may have a place as a therapeutic strategy in
UC patients[13]. Ja”rnerot et al.[34], also performed laparoscopic
appendectomy in six patients with refractory UC (two APan and four A-Lt), and found that one young patient
(26-years old) was in remission with continued maintenance
treatment, but five patients (mean age: 50.8 years, range:
44-56 years) had relapse of the disease. Histological analysis
of the resected appendix showed mucosal erosions and
moderate infiltrations of CD4+ T cells in our patient[13],
but did not show any inflammation in all patients as reported
by Ja”rnerot et al.[34]. They concluded that appendectomy
does not influence the course of established UC in a
consistent way, which supports our results in this study. Eri
et al.[35], also reported the clinical course of six patients (mean
age: 30.5 years) with refractory UC (five A-Lt and one ALt/Ap) after laparoscopic appendectomy, and found that
five patients were in complete clinical remission, and one
patient had improved. Histological analysis of the resected
appendix showed colitis-type inflammation (ulcerative
appendicitis), containing a highly activated lymphocyte
population, in the five patients. Recently, Jo et al.[19], reported
the clinical course of nine patients (mean age; 32.5 years,
range; 13-48 years) with mildly activated UC (four A-Pan
and five A-Lt) after appendectomy, and found that two ALt patients with ulcerative appendicitis had improved, but
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the disease remained active in the other patients (three ALt without ulcerative appendicitis and four A-Pan). Hallas
et al.[36], reported the nationwide study with complete followup of 202 patients (mean age; 43.3 years) with UC who
underwent appendectomy after their onset of UC, and
concluded that appendectomy has no beneficial effect on
admission rates in UC patients. Although appendectomy is
associated with a low risk for subsequent UC only in young
patients[13,19,34,35], especially before the age of 20 years[7], no
stratification of data for any age had been performed[36].
Later, Hallas et al.[37], supported that appendectomy would
be useful against UC in young subjects by analyzing those
who underwent appendectomy before the age of 30 years.
These findings and our results indicate that appendectomy
may be performed in young UC patients with ulcerative
appendicitis.
In conclusion, our study suggests that the CD4/CD8
ratio represents the inflammation degree in the mucosa.
Appendectomy may be a benefit therapy in young UC
patients with ulcerative appendicitis. Apart from the rectum,
the appendix is a priming site in the development of UC,
and should no longer be considered as an evolutionary
redundancy. Further studies including analysis of CD4+
and CD8+ T cells are necessary to clarify the role of the
appendix in the pathogenesis of UC.
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Abstract
AIM: To investigate the ability of ursodeoxycholic acid
(UDCA) to scavenge superoxide anion (O2–).
METHODS: We assessed the ability of UDCA to scavenge
(O2–) generated by xanthine-xanthine oxidase (X-XO) in
a cell-free system and its effect on the rate of O2–-induced
ascorbic acid (AA) oxidation in hepatic post-mitochondrial
supernatants.
RESULTS: UDCA at a concentration as high as 1 mmol/L
did not impair the ability of the X-XO system to generate
O2–, but could scavenge O2– at concentrations of 0.5 and
1 mmol/L, and decrease the rate of AA oxidation at a
concentration of 100 µmol/L.
CONCLUSION: UDCA can scavenge O2–, an action that
may be beneficial to patients with primary biliary cirrhosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ursodeoxycholic acid (UDCA) is a naturally occurring
tertiary dihydroxy hydrophilic bile acid used with considerable
success in the treatment of primary biliary cirrhosis (PBC)[1-5].
Traditional mechanisms whereby UDCA is beneficial to the
diseased liver center on its ability to block the deleterious
actions and encourage the choleresis of toxic bile acids[6].
We have reported that UDCA has antioxidant properties.
This finding is based on our observation that 100 µmol/L

UDCA could prevent oxidative activation of cultured
macrophages by the pro-oxidant hydrophobic bile acid,
deoxycholic acid [7]. In a follow-up in vivo study, we
demonstrated that the therapeutic dose of 15 mg/kg UDCA
administered for 24 d, suppresses the augmented extent of
lipid peroxidation in the diseased liver of bile duct-ligated
(BDL) rats, a widely used animal model of cholestatic liver
disease[8]. Accordingly, we proposed the antioxidant action
of UDCA could contribute to its beneficial effect in patients
with PBC [7,8]. This proposal was recently confirmed by
Ser viddio and his colleagues who reported UDCA
administered for 28 d minimized oxidative damage in the
diseased liver of BDL rats[9]. Other studies have established
that UDCA can augment the biosynthesis of glutathione
(GSH) and thiol-containing proteins in hepatocytes[10,11] and
could scavenge the hydroxyl radical (OH·) in a cell-free
system[12]. Collectively, these findings have contributed to
our current awareness that UDCA is a binary antioxidant
possessing direct and indirect antioxidant properties.
Superoxide anion (O2–) is a reactive oxygen species (ROS)
generated in microsomal and mitochondrial electron
transport systems when oxygen is reduced by a single
electron. It can also be generated by numerous oxidative
enzymes including cytosolic xanthine oxidase (XO) during
oxidation of xanthine (X) to uric acid. The generation of
O2– is important, because its biotransformation can lead to
formation of hydrogen peroxide through the activity of
superoxide dismutase, generation of OH · radical in the
presence of transition metals such as Fe2+ or formation of
the reactive peroxynitrite radical by interacting with nitric
oxide. Any intervention reducing or preventing excessive
generation of O2– would result in decreased production of
reactive oxygen and nitroxy species thereby lowering the
extent of oxidative stress.
Mitsuyoshi et al. [10] , reported that UDCA increases
hepatocyte levels of GSH and thiol-containing proteins. In
this experiment, they spectrophotometrically measured the
rate of oxidation of ascorbic acid (AA) by O2– and reported
that the difference of absorbance before and after the
addition of XO was lower in UDCA-treated hepatocytes
than in controls. Since bile acids are enzyme inhibitors[13,14],
the difference in absorbance may be due to UDCA inhibiting
the ability of the X-XO system to generate O2–. Because
Mitsuyoshi et al., did not assess the effect of UDCA on the
generation of O2– by X-XO system in their investigation,
we evaluated the ability of UDCA to scavenge O2– generated
in the X-XO system and its effect on the activity of XO.

MA
TERIALS AND METHODS
MATERIALS
Chemicals and reagents
All chemicals and reagents of the highest purity were
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purchased from the Sigma Chemical Co. (St. Louis, MO,
USA), except for UDCA that was purchased as its sodium
salt from Megapharm Ltd, the Israeli agent of CalbiochemNovabiochem Corporation.
Preparation of hepatic post-mitochondrial supernatants
The livers were harvested from healthy rats used as “healthy
untreated controls” in institute-approved animal-based
investigations. The harvested livers were washed in normal
ice-cold saline, weighed and then cut into small pieces using
scissors before their homogenization in 100 mmol/L ice-cold
with a Potter-Elvehjem
phosphate buffer, pH 7.4 at 4
glass homogenizer. The crude liver homogenates were
centrifuged (1 000 r/min×10 min) at 4 . The resultant
supernatants were then centrifuged at 10 000 g×10 min at
to pellet mitochondria and the supernatant was
4
collected. The protein content in the supernatants was
determined by the method of Lowry et al.[15].
Analytical procedures
Ability of UDCA to scavenge superoxide anion Using the
xanthine-xanthine oxidase (X-XO) reaction to generate O2–[16],
we evaluated the ability of 0.01-1 mmol/L UDCA to
scavenge O2– by the nitroblue tetrazolium (NBT) reduction
assay [17]. The reaction mixture contained 100 µmol/L
Na2EDTA, 40 µmol/L X, and 40 µmol/L NBT in 10 mmol/L
phosphate buffer pH 7.4. The reaction was started by adding
10 mU/mL XO and its rate was continuously monitored
in
spectrophotometrically at A 560 nm for 15 min at 25
the absence and presence of different concentrations of
UDCA. The specificity of the reaction was confirmed by
300 mU/mL superoxide dismutase. The ability of UDCA
to scavenge O2–, as expressed as percentage of inhibition
of NBT reduction in UDCA-present samples compared to
NBT reduction in UDCA-absent samples. The experiment
was repeated between 9 and 11 times at each UDCA
concentration.
Effect of UDCA on activity of xanthine oxidase
Compounds interacting with XO could affect the kinetics
of reaction of oxidation of xanthine to uric acid [18] .
Accordingly, we assessed the effect of 0.01-1 mmol/L
UDCA on XO activity by spectrophotometrically monitoring
the rate of uric acid formation at A 295 nm for 3 min at
in the absence and presence of UDCA[19]. The rate
25
of uric acid formation was compared in the absence and
presence of UDCA. The specificity of the reaction was
confirmed by 100 µg/mL allopurinol. The experiment was
repeated nine times at each UDCA concentration.
Effect of UDCA on hepatic antioxidant capacity
The effect of 100 µmol/L UDCA on hepatic antioxidant
capacity was determined by monitoring the rate of oxidation
of AA by the O2– generated by the X-XO according to the
original method of Nishikimi[20] with modifications described
by Mitsuyoshi et al.[10]. Liver supernatants were incubated
in shaking water bath in the absence
for 120 min at 37
and presence of 100 µmol/L UDCA. Upon completion of
the incubation, the change in the rate of oxidation of AA
was monitored in a quartz cuvette containing 1 mL reaction
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mixture. The post-mitochondrial liver supernatant contained
100 µmol/L X, 100 µmol/L EDTA, 22 µg/mL catalase,
100 µmol/L AA and 0.1 mol/L phosphate buffer pH 7.4.
The assay reaction was commenced by adding 10 mU/mL
XO. The reaction was monitored spectrophotometrically
at A 250 nm for 10 min at 25 . The differences in
absorbance between UDCA-absent and UDCA-added
samples were compared. The results were expressed as the
reaction rate of AA oxidation ( absorbance/mg protein).
The experiment was repeated thrice.
Experimental design and statistical analysis
The data were analyzed using a two-tailed t-test. The sample
size for each experiment was determined by power analysis
arbitrarily set between 80-90% in order to detect the effect
at the 5% significance level using StatmateTM version 1
(GraphPad Software Inc., San Diego, CA, USA). All figures
were prepared using Prism TM version 3.02 (GraphPad
Software Inc., San Diego, CA, USA). All data were expressed
as mean±SD.

RESUL
TS
RESULTS
Ability of UDCA to scavenge O2– and effect of UDCA on activity
of xanthine oxidase
Figure 1A summarizes the experiments to establish whether
UDCA could scavenge O2– using the NBT reduction assay.
UDCA (10 µmol/L and 100 µmol/L) had no effect on
NBT reduction (Figures 1 A1 and A2). Higher concentrations
of UDCA (500 µmol/L and 1 mmol/L) slowed the rate of
NBT reduction by 11% and 16% respectively (Figure 1A3
and A4). In order to eliminate the possibility that UDCA
suppressed the rate of conversion of X to uric acid to
account for this O2– scavenging ability, we also measured
the effects of the identical concentrations of UDCA on
XO activity. None of the UDCA concentrations affected
the rate of formation of uric acid (Figure 1B). Overall,
these experiments demonstrated UDCA could scavenge O2–
without affecting the activity of XO.
Effect of UDCA on rate of oxidation of ascorbic acid
UDCA (100 µmol/L) significantly (P<0.002) decreased the
rate of AA oxidation (Figure 2).

DISCUSSION
The aim of the present study was to assess the ability of
UDCA to scavenge O2– and its effects on the activity of XO
in a cell-free system and post-mitochondrial supernatants
prepared from rat livers. In the cell-free experiments, we
used UDCA concentrations not greater than 1 mmol/L in
order to avoid the problems when extrapolating data to
cell-containing systems in which millimolar concentrations
of bile acids solubilize membranes to form micellar
poly-aggregates (critical micellar concentration)[21-23]. On the
other hand, we used 100 µmol/L UDCA in the experiments
conducted in post-mitochondrial supernatants because this
is the concentration used by Mitsuyoshi et al.[10], and that
found in the plasma of patients treated with UDCA[24]. Using
NBT reduction in the cell-free X-XO system to evaluate
the ability of UDCA to scavenge O2–, we found UDCA
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Figure 1 Ability of UDCA to scavenge O2– (A) and effect of UDCA on activity

Absorbance/mg protein

0.06

Control (no UDCA)
100 µmol/L UDCA

0.04
1

0.02

0.00
Figure 2 Effect of 100 µmol/L UDCA on rate of oxidation of AA by O 2 –
generated by X-XO in post-mitochondrial hepatic supernatants. 1P<0.002 vs
control.

could scavenge O2– at concentrations of 0.5 and 1 mmol/L,
respectively. Given the knowledge that bile acids can inhibit
enzyme activity [13,14] , we checked the possibility that
suppression of the activity of XO accounted for ability of
UDCA to scavenge O 2– . We found that UDCA at
concentrations as high as 1 mmol/L did not inhibit the rate
of conversion of X to uric acid. After establishing that
UDCA could not impair the ability of the X-XO system to
generate O2–, we then evaluated the effect of 100 µmol/L
UDCA on the rate of O2–-induced AA oxidation in hepatic
post-mitochondrial supernatants. We found that UDCA
decreased the rate of AA oxidation. This result agrees with
that of Mitsuyoshi et al.[10].
Is the scavenging of O 2– by UDCA therapeutically
relevant? Free-radical-induced peroxidation of phospholipids
has been implicated in the pathogenesis of the formation
of cholesterol gallstones [25-27]. In addition, Liu and Hu
demonstrated that O2– can attack the bilirubin molecule to

of xanthine oxidase (B) in a cell-free system. 1P<0.02, bP<0.01 vs control.

generate cytotoxic bilirubin radicals. ROS can also be
generated in bile because hydrophobic bile acids are
pro-oxidants[28,29]. It was reported that the concentration of
UDCA in bile may reach as high as 29 mmol/L in individuals
given 750 mg UDCA daily for 2-3 wk[30]. In our experiments,
UDCA scavenged O 2– at the concentrations of 0.5 and
1 mmol/L suggesting that the ability of UDCA to scavenge
O2– may be beneficial in bile.
Lapenna et al. [12], reported that UDCA is an efficient
OH · scavenger. We have confirmed their finding and
established the second order rate constant (k 2) for the
reaction of UDCA with OH· in the D-ribose oxidation assay
exceeded the rate constants of other OH· radical scavengers,
such as mannitol or dimethylsulfoxide (Ljubuncic, AbuSalach and Bomzon, unpublished results). In conclusion, UDCA
is a direct scavenger of superoxide anion and hydroxyl radicals.
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that only a small proportion of HBsAg(+) women in Greece
exhibit a high risk for vertical transmission of the infection.

Abstract

http://www.wjgnet.com/1007-9327/11/4879.asp

AIM: To evaluate the seroprevalence of hepatitis B surface
antigen (HBsAg) in 13 581 women at reproductive age
and the hepatitis B e antigen (HBeAg)/anti-HBe status as
well as serum hepatitis B virus (HBV)-DNA levels in a
subgroup of HBsAg(+) pregnant women at labor in Greece.
METHODS: Serological markers were detected using
enzyme immunoassays. Serum HBV-DNA was determined
by a sensitive quantitative PCR assay. Statistical analysis
of data was based on parametric methodology.
RESULTS: Overall, 1.156% of women were HBsAg(+)
and the majority of them (71.3%) were Albanian. The
prevalence of HBsAg was 5.1% in Albanian women, 4.2%
in Asian women and 1.14% in women from Eastern European
countries. The prevalence of HBsAg in African (0.36%) and
Greek women (0.29%) was very low. Only 4.45% of HBsAg
(+) women were also HBeAg(+) whereas the vast majority
of them were HBeAg(-)/anti-HBe(+). Undetectable levels
of viremia (<200 copies/mL) were observed in 32.26% of
pregnant women at labor and 29.03% exhibited extremely
low levels of viral replication (<400 copies/mL). Only two
pregnant women exhibited extremely high serum HBVDNA levels (>10 000 000 copies/mL), whereas 32.26%
exhibited HBV-DNA levels between 1 500 and 40 000
copies/mL.
CONCLUSION: The overall prevalence of HBsAg is
relatively low among women at reproductive age in Greece
but is higher enough among specific populations. The
HBeAg(-)/anti-HBe(+) serological status and the extremely
low or even undetectable viral replicative status in the
majority of HBsAg(+) women of our study population, suggest

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Worldwide, about 350 million people are chronically infected
with hepatitis B virus (HBV)[1]. Vertical transmission of the
infection occurs usually in peri-natal period and is the major
cause of HBV transmission in endemic countries of the
world. Mother to infant transmission represents a basic
factor in maintaining chronic HBV infection and usually
depends on the degree of maternal infectivity, especially in
peri-natal period[2]. Vertical transmission of the infection is
mainly seen in infants born from hepatitis B e antigen
(HBeAg)(+) mothers with very high levels of viremia and
maternal serum HBV-DNA levels are positively associated
with immunoprophylaxis failure[2,3].
Hepatitis B has long been a serious public health problem
in Greece. Historically, Greece has had the highest burden
of HBV infection in the European Union and unfortunately
a hepatitis B prevention program aimed at high-risk groups
in 1982, had little impact on disease incidence or prevalence[4].
In recent years, HBV vaccination programs, demographic and
socio-economic changes, medical precautions and screening
of blood donors have resulted in a significant decline in
chronic HBV infection in our country[4,5]. However, the
entrance of a great number of refugees, especially from
endemic countries of HBV infection in the last decade, has
possibly led to alteration of the epidemiological data, so
these data have to be re-evaluated.
In our study we examined the seroprevalence of hepatitis
B surface antigen (HBsAg) in a large multinational group
of women at reproductive age and evaluated the presence
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of HBeAg, antibody to HBeAg (anti-HBeAg) as well as
antibody to hepatitis C virus (anti-HCV) in HBsAg(+)
individuals. Moreover we measured the serum HBV-DNA
levels in a subgroup of HBsAg(+)/anti-HCV(-) pregnant
women at labor, in order to gain information about maternal
viral load at this important period, a factor positively
correlated with vertical transmission of the infection.
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7.01%
1.27%
2.55%

Albania

MA
TERIALS AND METHODS
MATERIALS
Between August 2003 and August 2004, a total of 13 581
women at reproductive age (range 16-45 years) were
prospectively evaluated at the Department of Obstetrics and
Gynecology of the Maternal Hospital ‘Helena Venizelou’ of
Athens, Greece. HBsAg, HBeAg, anti-HBeAg, and antibody
to hepatitis B core antigen (anti-HBcAg) as well as anti-HCV
were detected by routine commercially available enzyme
immunoassays (Abbott Laboratories, Abbott Park, IL, USA).
All women of the study were screened for HBsAg whereas
the rest of the serological markers were evaluated only in
HBsAg(+) ones. Antibody to hepatitis D virus (anti-HDV)
and antibody to HIV (anti-HIV) were not detected. Serum
HBV-DNA was determined by a sensitive, commercially
available quantitative PCR assay (COBAS-Amplicor HBV
Monitor, Version 2, Roche, Basel, Switzerland), with a lower
limit of quantification of 200 copies/mL in a subgroup of
HBsAg(+)/anti-HCV(-) pregnant women of the study
population, with available serum samples, at labor.
Statistical analysis of data was based on parametric
methodology. Student’s t-test and χ2 test were used. P<0.05
was statistically significant. The study was reviewed and
approved by the local ethics committee. The study protocol
conforms to the ethical guidelines of the Declaration of
Helsinki.
RESUL
TS
RESULTS
The majority of the study population came from Greece
(70.31%) whereas 15.96% came from Albania, 7.06% from
Eastern European countries (Russia, Romania, and Bulgaria),
4.09% from African countries, 0.69% from Asian countries,
0.99% from countries of Northwestern Europe, 0.46%
from Australia and 0.43% from North American countries.
Overall, 157 of 13 581 females (1.156%) were HBsAg(+)
and the vast majority of them (112/157, 71.3%) were
Albanian. The participation of each national group in HBsAg
(+) cases of the study population is presented in Figure 1.
None of the females from countries of North America,
Northwestern Europe, and Australia (countries of low
prevalence of HBV infection) was HBsAg(+).
The seroprevalence of HBsAg was 5.1% in women from
Albania, representing the higher seroprevalence rate among
the national groups of the study population, followed by
4.2% in Asian women and 1.14% in women from Eastern
European countries. The seroprevalence of HBsAg in
African (0.36%) and Greek women (0.29%) was very low,
compared to the mean seroprevalence rate of the study
population (P<0.05). Overall, only 4.45% of HBsAg(+)
women were also HBeAg(+) whereas the vast majority of
them were HBeAg(-)/anti-HBeAg(+). HBeAg(+) cases
represented 10.7% and 3.6% of Greek and Albanian HBsAg

Greece

71.34%
17.83%

Figure 1 Participation of each national group in HBsAg (+) cases of the study
population.

(+) women respectively, whereas 92.9% of Greek and
Albanian HBsAg(+) women, 90.9% of Eastern European
countries HBsAg(+) women and all Asian/African HBsAg
(+) women were HBeAg(-)/anti-HBeAg(+). Only 3 of 157
women (1.91%) with chronic HBV infection were HBV/HCV
coinfected.
Serum HBV-DNA was quantified in 31 HBsAg(+)/
anti-HCV(-) pregnant women of our study population
with available serum samples at labor. Only one of them
was HBeAg(+) whereas the vast majority of them were
HBeAg(-)/anti-HBeAg(+), as it was the majority of HBsAg
(+) cases of the study population. Twenty-two of them
were Albanian (22/31, 70.96%), six of them (6/31, 19.35%)
were Greek and the rest three were from an Eastern
European, an Asian and an African country, respectively.
Undetectable levels of serum HBV-DNA (<200 copies/mL)
were observed in 10 of 31 (32.26%) pregnant women at
labor and 9 of 31 (29.03%) pregnant women exhibited
extremely low levels of viral replication (lower than
400 copies/mL) during this important period. Only two,
one HBeAg(-) and one HBeAg(+), of 31 pregnant
women (6.45%) evaluated for HBV viral load, exhibited
extremely high serum HBV-DNA levels (19 800 000 and
85 500 000 copies/mL, respectively) whereas the rest
of the 10 women evaluated (32.26%) exhibited HBV-DNA
levels between 1 500 and 40 000 copies/mL. Serum
HBV-DNA levels in this subgroup of our study population
are presented in Figure 2. As we can see from this figure,
the majority (61.29%) of chronic HBV-infected pregnant
women evaluated for serum HBV-DNA levels at labor
by a very sensitive PCR assay, exhibited undetectable
(<200 copies/mL) or extremely low (<400 copies/mL) levels.

DISCUSSION
Epidemiological data on the prevalence of serological
markers of HBV infection in women at reproductive age
in Greece are limited. It is estimated from previous studies
that in Greece, the HBsAg carrier rate in pregnant women
is 2.8-3.0%[6]. In our study we found that the mean prevalence
of HBsAg in 13 581 women at reproductive age from
multinational origin, was relatively low (1.156%) and the
vast majority of HBsAg-positive women (71.3%) came from
Albania, representing the 5.1% of the Albanian women of
the study population.

Elefsiniotis IS et al. HBV-infected women at reproductive age in Greece
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Figure 2 Serum HBV-DNA levels in 31 HBsAg(+)/anti-HCV(-) pregnant women
at labor.

Although the seroprevalence rate of HBsAg in Albanian
(5.1%) and Asian (4.2%) women was significantly higher
than in Greek women (0.29%, P<0.001), which was
significantly lower than the mean rate of the study population
(1.156%, P<0.05), suggesting that there is a significant decline
in seroprevalence of HBsAg in the refugees living in Greece
in the last decade. In 1995 Malamitsi-Puchner et al. [7],
reported that 13.4% of 500 Albanian pregnant women
evaluated in a Greek Maternal Hospital are HBsAg(+)
and 7.5% of them are also HBeAg(+), representing an
endemic and highly infective group of HBV infection.
Significant socio-economic changes, specific precautions
due to the knowledge of the modes of transmission of
the infection and HBV vaccination programs may have
possibly led to this decline observed nowadays in these
specific populations.
Maternal HBeAg-positivity in peri-natal period is of great
importance for the vertical transmission of HBV infection
resulting in extremely higher rates of mother to infant
transmission compared to infant born from HBeAg(-)
mothers [2,3,8]. In our study, the vast majority (>90%) of
HBsAg(+) women were HBeAg(-)/anti-HBeAg(+), resulting
possibly in the low rates of peri-natal transmission of HBV
infection and passive/active immunoprophylaxis failure
observed in our country, a finding that needs further
investigation. Moreover, maternal serum HBV-DNA at
labor was undetectable or extremely low in the majority of
pregnant women of the study population evaluated, by a
sensitive PCR assay. The predominance of HBeAg(-)/antiHBeAg(+) serological status in combination with the low
levels of viremia observed in the majority of chronic HBVinfected women of our study population, suggests that chronic
HBV-infected women at reproductive age in Greece represent
a group of low infectivity, resulting possibly in low vertical
transmission and passive/active immunoprophylaxis failure
rates.
Intra-uterine/transplacental transmission of HBV
infection in infants born from HBsAg(+) mothers observed
in endemic countries is positively correlated to HBeAg(+)
maternal serological status and high levels of maternal serum
HBV-DNA. It is believed that transplacental transmission
of HBV infection is a major cause of immunoprophylaxis
failure and this mode of transmission can be effectively
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reduced by administration of hepatitis B immune globulin
(HBIG) or lamivudine in the third trimester of HBsAg(+)
pregnant women[9]. It seems that this problem is not of
clinical significance in our country, because of the relatively
low seroprevalence rates of HBsAg observed in our study
population, and the serological and virological data of
chronic HBV-infected women at reproductive age in
Greece, as previously noted.
In Greece, both active (HBV vaccine) and passive
(HBIG) immunoprophylaxis are the current clinical practice
in newborns from HBsAg(+) mothers, irrespective of
maternal serological (HBeAg(+) or HBeAg(-)) and/or
virological status. Studies from hyper-endemic countries of
HBV infection suggest that there is no clear benefit of
passive-active vs active immunization alone for chronic
HBV infection in infants born from HBsAg(+)/HBeAg(-)
mothers[10]. The estimated efficacy of HBV vaccination
alone without HBIG is 84% in infants born from HBeAg(+)
mothers and 100% in those born from HBeAg(-) ones,
according to a study from endemic Vietnam[11]. The high
cost of HBIG and the serological and virological data of
women at reproductive age in our study, may suggest that
passive-active immunoprophylaxis of infants born from
chronic HBV-infected mothers in our country, possibly
represents an over-protection strategy, at least in a significant proportion of them, especially from HBeAg(-)/
anti-HBeAg(+) mothers with HBV-DNA <400 copies/mL
at labor. This possibility needs further investigation in
large-scale clinical trials. Moreover, more than one third
(38.7%) of HBsAg(+)/anti-HBeAg(+) women of our study
population exhibited active viral replication at labor and
some of them exhibited extremely high viral load levels,
representing possibly an infection with a mutant HBV
variant (precore mutant), a finding that needs further
investigation.
In conclusion, the overall seroprevalence rate of HBsAg
is relatively low in women at reproductive age in Greece
but is rather higher in specific populations (Albanian, Asian)
who need screening, vaccination, and immunoprophylaxis
programs in order to decline further the rates of peri-natally
acquired HBV infection. The HBeAg(–)/anti-HBeAg(+)
serological status and the extremely low or even undetectable
viral replicative status in the majority of HBsAg(+) women
suggest that only a small proportion of HBsAg(+) women
in Greece exhibit an extremely high risk for vertical
transmission of the infection.
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Abstract
AIM: α-Lipoic acid (ALA) has been used as an antioxidant.
The aim of this study was to investigate the effect of αlipoic acid on cholecystokinin (CCK)-octapeptide induced
acute pancreatitis in rats.
METHODS: ALA at 1 mg/kg was intra-peritoneally
injected, followed by 75 µg/kg CCK-octapeptide injected
thrice subcutaneously after 1, 3, and 5 h. This whole
procedure was repeated for 5 d. We checked the
pancreatic weight/body weight ratio, the secretion of
pro-inflammatory cytokines and the levels of lipase,
amylase of serum. Repeated CCK octapeptide treatment
resulted in typical laboratory and morphological changes
of experimentally induced pancreatitis.
RESULTS: ALA significantly decreased the pancreatic
weight/body weight ratio and serum amylase and lipase
in CCK octapeptide-induced acute pancreatitis. However,
the secretion of IL-1β, IL-6, and TNF-α were comparable
in CCK octapeptide-induced acute pancreatitis.
CONCLUSION: ALA may have a protective effect against
CCK octapeptide-induced acute pancreatitis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: α-Lipoic acid; Acute pancreatitis; Proinflammatory
cytokines; Cholecystokinin
Park SJ, Seo SW, Choi OS, Park CS. α-Lipoic acid protects
against cholecystokinin-induced acute pancreatitis in rats.
World J Gastroenterol 2005; 11(31): 4883-4885

http://www.wjgnet.com/1007-9327/11/4883.asp

INTRODUCTION
Acute pancreatitis (AP) is a clinical entity that is believed to
have intracellular activation of digestive enzymes and
autodigestion of the pancreas as its central patho-physiologic
cause. This non-infectious destruction of pancreatic parenchyma
quickly induces an inflammatory reaction at the site of injury.
AP usually occurs as a result of alcohol abuse. Histologically,
acute pancreatitis is characterized by interstitial edema,
vacuolization, inflammation and acinar cell necrosis[1,2]. The
diagnosis of acute pancreatitis is usually based on pancreatic
edema index (pancreatic weight/ body weight), pancreatic
serum enzymes (e.g. pancreatic amylase, lipase, immunoreactive
trypsin or elastase) at animal models[3,4].
Cytokines are important immunoregulatory mediators.
Their contribution to the pathogenesis of acute and chronic
gastroenterological disorders is obvious. Increased expression
of interleukin-1 (IL-1), interleukin-6 (IL-6), tumor necrosis
factor (TNF)-α can be detected in AP. These cytokines are
involved in the pathogenesis of pancreatitis-associated
multiple organ dysfunction.
Among the neurohormonal regulators, Cholecystokinin
(CCK) is well known gastrointestinal hormone and neural
agonist for inducing the release of pancreatic digestive
enzymes. At supra-maximal doses (dose greater than those
that cause maximal secretion of digestion enzyme by the
pancreatic acinar cell) CCK are able to cause the pancreatic
responses[5,6].
Oxidative stress has been shown to be involved in the
pathophysiology of AP[7,8]. α-Lipoic acid (ALA) is a thiol
antioxidant compound with demonstrated direct free-radical
scavenging properties[9,10]. However, the effects of ALA on
AP have not yet been investigated. Therefore, in this study,
we investigated whether ALA can ameliorate the severity
of AP using CCK-octapeptide induced AP system.
MA
TERIALS AND METHODS
MATERIALS
Animals
Male Wistar rats weighing 240-260 g were used. The animals
with a
were kept at a constant room temperature of 25
12 h light-dark cycle, and allowed free access to water and
standard laboratory chow. The rats were fasted for 16 h
before the induction of AP. In each experimental group
five rats were used.
Reagents
Avidin-peroxidase and 2’-AZINO-bis (3-ethylbenzithiazoline
6-sulfonic acid) tablet substrate were purchased from Sigma
(St. Louis, MO, USA). Anti-rat TNF-α, IL-1β and IL-6 antibodies
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was purchased from R&D Systems (Minneapolis, MN, USA).

Pancreatic weight/body weight ratio
This ratio (pancreatic weight g/body weight g ×1 000) was
utilized to evaluate the degree of pancreatic edema.
Enzyme-linked immunosorbent assay (ELISA)
ELISA for IL-6 and TNF-α was carried out in duplicate in
96-well plates (Nunc, Denmark) coated with each of 100 µL
aliquots of anti-rat IL-6, IL-1β and TNF-α mAb at
1.0 µg/mL in PBS at pH 7.4 and was incubated overnight
at 4 . The plates were washed in PBS containing 0.05%
Tween-20 (Sigma, St. Louis, MO, USA) and blocked with
PBS containing 1% BSA, 5% sucrose and 0.05% NaN3
for 1 h. After additional washes, standards were added
for 2 h. After 2 h incubation at
and incubated at 37
37 , the wells were washed and then each of 0.2 µg/mL
of biotinylated anti-rat IL-6, IL-1β, and TNF-α were
for 2 h. After the
added and again incubated at 37
wells were washed, avidin-peroxidase was added and plates
were incubated for 20 min at 37 . Wells were again
washed and ABTS substrate was added. Color development
was measured at 405 nm using an automated microplate
ELISA reader. A standard curve was run on each assay
plate using recombinant IL-6, IL-1β and TNF-α in serial
dilutions.
Measures of serum amylase and lipase
Serum amylase was measured by using an ADIVA 1650
(BAYER, USA). Serum lipase was measured by using a
Cobas-mira (Roche, USA).
Statistical analysis
Results are expressed as mean±SE. The significance of
changes was evaluated using Students’s t-test. Differences
between the experimental groups were evaluated by using
analysis of variance. Values of P<0.05 were accepted as
significant.

RESUL
TS
RESULTS
Effect of ALA on pancreatic weight/body weight ratio
To assess the effect of ALA on the pancreatic weight/body
weight ratio, pancreatic weight was divided by the body weight
of the rats. As shown in Figure 1, in ALA treated group,
pancreatic weight/body weight ratio (3.676±0.63) was
significantly decreased compared to the DMSO treated
group (6.46±0.66, P<0.05, Figure 1).

Pw/bw

6
4
2
0
ALA
CCK

-

+

+
+

Figure 1 Effect of ALA on the pancreatic weight/body weight ratio (pw/bw) in
CCK-induced AP. Groups were treated as indicated in the Materials and
method. mean±SE for 5 animals are shown. Significant difference (P<0.05) vs
the saline treated group.

Effect of ALA on IL-6, IL-1β, and TNF-α secretion in CCKinduced AP
Secretion of pro-inflammatory cytokines to serum were
increased during CCK-induced AP. Then, we investigated
whether ALA reduces the serum levels of pro-inflammatory
cytokines such as TNF-α, IL-1β, and IL-6. ALA pre-treatment
did not change the level of IL-1β, IL-6 and TNF-α production
during CCK-induced AP (Table 1).

Table 1 Effects of ALA on IL-1β, IL-6, and TNF-α secretion in CCKinduced AP (mean±SE)
Treatment
CCK
+
+

IL-1β

IL-6

ALA

TNF-α

(pg/mL)

+

165.0±26
334.7±15
334.7±14

61±3
85±4
83±5

140±51
289±9
238±25

Effect of ALA on serum amylase and lipase activity in CCKinduced AP
The levels of serum amylase and lipase are commonly used
as a marker of AP. Pre-treatment of ALA significantly
decreased the serum amylase and lipase activity CCK induced AP (Figure 2).
A

B

20 000
Amylase (U/L)

CCK-induced acute pancreatitis
ALA at 1 mg/kg was intraperitoneally injected, followed by
CCK injected subcutaneously at 75 µg/kg thrice after 1, 3,
and 5 h. This whole procedure was repeated for 5 d (n = 5).
Other rodents (n = 5) received saline as control. The animals
were killed by exanguinations through the abdominal aorta
12 h, after the last CCK injection. The pancrease was quickly
removed, cleaned from fat and lymph nodes, weighed, and
until use. Rats were treated in accordance
frozen at -70
with the current law and NIH Guide for Care and Use of
Laboratory Animals.
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Figure 2 ALA inhibits hyperlipasemia on CCK-induced pancreatitis in rats. A
and B: serum amylase and lipase levels in control rats and with pancreatitis
induced by CCK. CCK was applied as described in the Materials and method.
Values are mean±SE from at least five animals for each group. In lipase
measurement, values for animals with AP receiving ALA were significantly
lower than for those without ALA P<0.05.

DISCUSSION
Our findings showed that ALA reduced CCK-induced AP.
Furthermore, we showed that pancreatic weight/body
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weight ratio and serum amylase and lipase were not
correlated with the level of cytokines in the rat model. Many
previous reports have suggested that ROS may play an
important role in the initiation and development of
pancreatitis[11,12]. Anti-oxidant, N-acetyl cysteine (NAC)
reduced the severity of AP[13,14]. ALA is also a potent antioxidant and has anti-inflammatory effect[9,10]. Therefore, in
this study, we investigated the effects of ALA on CCKinduced AP. ALA decreased pancreatic weight/body weight
ratio in CCK-induced AP. The levels of amylase and lipase
usually rise after the onset of symptoms of acute pancreatitis.
Compared with serum amylase, serum lipase rises slightly
later and remains elevated longer [15]. We found ALA
decreased serum level of amylase, lipase in CCK-induced
AP (Figure 2). Furthermore, we also examined several kinds
of cytokines. IL-1β, IL-6, and TNF-α levels are not attenuated
by ALA after CCK treatment (Table 1). Recent study suggest
that COX (Cyclooxygenase)-2 inhibition by selective inhibitor
(SC-58125), induced alteration of serum amylase and lipase
level but not IL-6 and IL-1 production on Caerulein (CAE)
induced AP [16]. In the previous report, ALA markedly
inhibited radiation or H2O2-induced COX-2 upregulation[17].
On the basis of this report, ALA maybe ameliorates AP via
COX-2 inhibition. However, it is needed to investigate its
mechanism whether inhibition of COX-2 is involve in the
ALA-mediated decrease of AP. Despite of previous studies
which link between IL-6 levels and increased severity of
AP, recent studies suggest that IL-6 may have an antiinflammatory role during pancreatitis[18]. IL-6 KO mice
exhibited a more severe pancreatitis after CAE injections
than wild type mice[18]. Our results indicate that pro-inflammatory cytokine levels are elevated in mice treated with
or without ALA despite attenuated pancreatitis. This finding
suggests that the stimulus for pro-inflammatory cytokines
secretion remains intact; however, it is still unclear whether
pro-inflammatory cytokines are mechanistically linked to
the amelioration of pancreatitis.
In conclusion, this study showed that ALA pr-treatment
ameliorated the severity of CCK induced pancreatitis in rats.
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Abstract
AIM: To determine whether there was an association
between inter-cellular adhesion molecule-1 (ICAM-1) gene
polymorphism and biliary atresia (BA), and to investigate
the relationship between serum soluble ICAM-1 (sICAM-1)
and clinical outcome in BA patients after surgical treatment.
METHODS: Eighty-three BA patients and 115 normal
controls were genotyped. K469E ICAM-1 polymorphism was
analyzed using PCR assay. Serum sICAM-1 was determined
using ELISA method from 72 BA patients. In order to evaluate
the association between these variables and their clinical
outcome, the patients were categorized into two groups:
patients without jaundice and those with persistent
jaundice.
RESULTS: There were no significant differences between
BA patients and controls in terms of gender, K469E ICAM-1
genotypes, and alleles. The proportion of patients having
serum sICAM-1 3 500 ng/mL in persistent jaundice group
was significantly higher than that in the other group. In
addition, there was no association between K469E ICAM-1
polymorphism and the status of jaundice in BA patients
after Kasai operation.
CONCLUSION: ICAM-1 possibly plays an important and
active role in the disease progression. However, the
process is not associated with genetic variation of K469E
ICAM-1 polymorphism.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Biliary atresia (BA), the obliteration of extra- and intrahepatic biliary system, remains one of the most intractable
liver diseases in children. When patients with BA are left
untreated, the majority of them will die of complications
of biliary cirrhosis[1,2]. At present, it is accepted that hepatic
porto-enterostomy or Kasai operation is the first choice of
treatment. Surgical correction at an early age is therefore the
key to a successful management of infants with BA[3], especially
in countries where liver transplantation program is not widely
available. So far, liver transplantation is preserved for BA
patients who have gross cirrhosis at diagnosis or who failed
Kasai operation[1]. Since BA is a serious liver disease with
poor long-term outcome, extensive research for its exact cause
in order to understand the disease has been carried out[4].
Nevertheless, its etiology is still unclear. A number of hypotheses
have been proposed to explain the origin of the disease including
peri-natal infection[5], immune-mediated disorders[2], and defect
of morphogenesis[6]. It has also been suggested by some
research groups that susceptibility to BA is influenced by
genetic factors via pro-inflammatory cytokines[7-9].
Inter-cellular adhesion molecule-1 (ICAM-1) is a
transmembrane glycoprotein involved in cell adhesion and
acts as a cell surface ligand for members of the leukocyte
integrin family. The interaction of leukocyte integrins with
endothelial ICAM-1 leads to leukocyte adherence,
transendothelial migration and cell activation, which are
fundamental to the recruitment of leukocytes to the tissue
leading to inflammatory process [10]. A soluble form of
ICAM-1 (sICAM-1) can release into the circulation during
the course of an inflammatory reaction[11,12]. Recently, it
has been shown that the elevated serum sICAM-1 is
associated with primary biliary cirrhosis. The levels correlate
with the disease activity and the degree of cholestasis[13].
ICAM-1 gene is located on chromosome 19p13. The
gene encoding ICAM-1 is affected by a common, functionally
important, genetic polymorphism[14]. The K469E polymorphism
of the ICAM-1 gene has already been described[15,16]. This
polymorphism occurs in exon 6 of the ICAM-1 gene and
results in a change from lysine to glutamic acid in Ig-like
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domain 5. The ICAM-1 gene polymorphism can affect the
interaction between ICAM-1 and its receptor, namely
leukocyte function-associated antigen-1, and influence Bcell activation[17]. ICAM-1 plays a pivotal role in the migration
of leukocytes to inflammatory sites. Therefore, it may be
involved in various inflammatory diseases.
As far as we are concerned, there is no investigation
regarding ICAM-1 gene polymorphism in BA. Since
progressive inflammatory process within the liver is an
important feature of BA [18,19], there may be some links
between the pathophysiology of BA and ICAM-1 gene
polymorphism. Therefore, the study aimed to evaluate the
ICAM-1 gene polymorphism in BA patients and to investigate
whether there was an association between serum sICAM-1
and clinical outcome in BA patients after surgical treatment.

MA
TERIALS AND METHODS
MATERIALS
This study was approved by the Ethical Committee of the
Faculty of Medicine, Chulalongkorn University, Thailand.
All parents of the children with BA and healthy controls
had been informed of the purpose of the study. The written
informed consents were obtained.
Study of ICAM-1 gene polymorphism in biliary atresia
BA patients were recruited into the study during annual
follow-ups between January 2002 and July 2003. All patients
were diagnosed as BA by exploratory laparotomy with intraoperative cholangiography during early infancy period. The
control group, whose ethnicity is similar to the BA patients (Thai),
comprised healthy teenagers among, those who participated
in an evaluation of hepatitis B vaccination during the same
period. Eighty-three BA patients participated in the study.
Six out of eighty-three patients received liver transplantation.
The healthy control group comprised 115 teenagers.
ICAM-1 DNA detection
Peripheral whole blood from BA patients and controls was
collected in tubes containing EDTA. Genomic DNA was
extracted from samples according to the manufacturer’s
protocol. Single base polymorphism at codon 469 (K469E)
in exon 6 of ICAM-1 was determined using a method based
on polymerase chain reaction-restriction fragment length
polymorphism for the detection of K469E ICAM-1 gene,
as previously described[14,17]. The ICAM-1 F 5’CCCCGACTGGACGAGAGG3’ is a sense primer and ICAM-1 R
5’GGGGCTGTGGGGAGGATA3’ is an anti-sense primer.
We combined 2 mL of DNA sample with a reaction mixture
containing 20 mL of 2.5X Eppendorf MasterMix (Hamburg,
Germany), 1 mmol/L P1, 1 mmol/L P2, and sterile water,
in a final volume of 25 mL. PCR was performed under the
following conditions: after an initial 4 min denaturation step
at 95 , 37 cycles of amplification were performed, each
including 30 s denaturation at 95 , 30 s annealing at 60
and 30 s extension at 72 , followed by a final 4 min extension
at 72 . Each amplified DNA sample (10 mL) was added
to loading buffer and run on a 2% agarose gel (FMC
Bioproducts, Rockland, ME, USA) at 100 V for 60 min.
The 331-bp product stained with ethidium bromide on
preparation was visualized on a UV transilluminator.
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PCR-RFLP analysis
PCR products were subjected to RFLP analysis, using
restriction endonuclease BstU1 (New England Biolabs,
Beverly, MA, USA) to determine the ICAM-1 polymorphism.
Briefly, 10 mL of PCR product was mixed with 1.5 mL
of 10× buffer, 3 mL of sterile water and 0.5 mL (5 U) of
for 4 h. After incubation, the
BstUI incubated at 60
samples were run on a composite gel containing 2%
NuSieve agarose (FMC BioProducts, Rockland, ME, USA)
and 1% standard agarose. The clusters of PCR products
were visible under UV light, as a result of prior ethidium
bromide staining.
Study of serum sICAM-1 in biliary atresia
Seventy-two serum samples of BA patients were available
for the study of sICAM-1. All patients underwent hepatic
porto-jejunostomy with Roux-en-Y (original Kasai operation)
during infancy period. Patients who received liver transplantation were excluded from the study to avoid confounding
effects of different therapeutic modalities. Briefly, peripheral
venous whole blood was drawn with a sterile syringe,
transferred to a centrifuge tube, allowed to clot and then
centrifuged at 4 . The sera were stored at -70 until they
could be assayed. Serum sICAM-1 levels were determined
by a commercially available ELISA kit (Quantikine, R&D
Systems, USA). This assay employs the quantitative sandwich
enzyme immunoassay technique. The serum sICAM-1 levels
were expressed as nanogram per milliliter. In addition, liver
function tests including serum albumin, total bilirubin (TB),
direct bilirubin (DB), alkaline phosphatase (AP), aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
and γ-glutamyl transpeptidase (GGT) were performed using
an automated chemical analyzer (Hitachi 911) at the central
laboratory of the hospital.
Out of 72 BA patients, none in this study exhibited
symptoms and signs of fever or ascending cholangitis at the
time of blood sampling. None received liver transplantation.
In order to compare the outcome among the BA patients,
they were subsequently divided into two groups according
to the status of jaundice and levels of TB: patients with no
jaundice (TB<2.0 mg%) and patients with persistent jaundice
(TB 2.0 mg%). In addition, subgroup analysis between
BA patients as per the presence of jaundice and ICAM-1
gene polymorphism was carried out.
Statistical analyses
Demographic data between groups were compared by
Fisher’s exact and unpaired t-tests. Genotype and allele
frequencies were compared by χ2 test. Significant differences
were established at P<0.05. Odds ratios were also calculated.
For all statistical analyses, either GraphPad Prism version
3.02 (GraphPad Software Inc., CA, USA) or SPSS software
version 10.0 (SPSS Inc., Chicago, IL, USA) was used. Data
were expressed as mean±SD.

RESUL
TS
RESULTS
Study of ICAM-1 gene polymorphism in biliary atresia
The distribution of ICAM-1 genotypes and alleles in 83
BA patients and 115 controls is shown in Table 1. There
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Table 1 ICAM-1 genotypic and allele distribution in BA patients and controls
BA patients, n (%) n = 83

Controls, n (%) n = 115

Age (yr)
Male

6.09±4.67
37:46

13.07±2.13
57:58

Genotype
E/E

28 (33.74)

41 (35.65)

0.92 (0.51–1.66)

0.78

E/K
K/K

7 (8.43)
48 (57.83)

11 (9.57)
63 (54.78)

0.87 (0.32–2.35)
1.13 (0.64–2.00)

0.78
0.67

Alleles
E

63 (37.95)

93 (40.43)

0.90 (0.60–1.36)

0.62

K
E/K ratio

103 (62.05)
0.61

137 (59.57)
0.68

1.11 (0.74–1.67)

were no significant differences between two groups in terms
of gender, K469E ICAM-1 genotypes, and K469E ICAM1 alleles.
Study of serum sICAM-1 in biliary atresia
Serum sICAM-1 levels in 72 BA patients were determined.
The demographic data between patients with no jaundice
and patients with persistent jaundice are shown in Table 2.
There was no difference in age and gender between the
two groups. Patients with persistent jaundice had lower levels
of albumin and higher levels of AST, ALT, AP, and GGT
compared to patients without jaundice.
We also found that 24 out of 72 patients had sICAM-1
levels above the upper limit detected by the ELISA kit
(3 500 ng/mL), therefore, the cut point of 3 500 ng/mL
was selected to subdivide the patients. By using χ2 test,
the proportion of patients having serum sICAM-1 levels
3 500 ng/mL in persistent jaundice group was significantly
higher than that of patients having serum sICAM-1 levels

Odds ratio (95% CI)

P
<0.0005
0.49

3 500 ng/mL in the other group (P<0.0005), as shown
in Table 2.
Association between K469E ICAM-1 gene polymorphism and
status of jaundice
After excluding the BA patients who had undergone liver
transplantation, 63 out of 83 BA patients had both data of
genotype and total bilirubin levels. Therefore, an analysis
of the association between ICAM-1 gene polymorphism and
the status of jaundice after Kasai operation was conducted
in 63 patients. The analysis showed that there was no difference
in terms of age, gender, K469E ICAM-1 genotypes, and
alleles between patients with no jaundice and with persistent
jaundice (Table 3).

DISCUSSION
BA remains one of the major hepatic causes of death in
early childhood. Although a number of hypotheses have

Table 2 Demographic data, liver function test, and serum sICAM-1 levels between BA patients without jaundice and with persistent jaundice
(mean±SD)
BA patients

No jaundice (n = 41)

Persistent jaundice (n = 31)

P

Age (yr)
Male:female

6.41±4.05
22:19

6.00±5.91
11:20

0.73
0.12

Albumin (g/dL)
Total bilirubin (mg%)

4.41±0.56
0.79±0.44

3.71±0.83
12.04±10.53

<0.0005
<0.0005

DB (mg%)
AST (IU/L)

0.24±0.26
84.12±67.28

9.36±7.85
228.26±130.45

<0.0005
<0.0005

ALT (IU/L)
AP (IU/L)

96.93±93.83
380.90±249.80

161.84±97.93
593.20±293.49

0.006
0.002

GGT (IU/L)
sICAM-1 (<3 500: 3 500 ng/mL)

163.16±175.49
37:4

384.65±404.72
11:20

0.004
<0.0005

Table 3 ICAM-1 genotypic and allele distribution in BA patients without jaundice and with persistent jaundice
No jaundice, n (%) n = 34

Jaundice, n (%) n = 29

Odds ratio (95%CI)

P

Age (yr)
Male

5.91±3.92
18:16

5.66±5.17
11:18

Genotype
E/E

9 (26.47)

10 (34.48)

0.68 (0.23-2.01)

0.49

E/K
K/K

3 (8.82)
22 (64.71)

3 (10.34)
16 (55.18)

0.83 (0.15-4.52)
1.49 (0.52-4.11)

0.84
0.44

Alleles
E

21 (30.88)

23 (39.66)

0.68 (0.32-1.42)

0.30

K
E/K ratio

47 (69.12)
0.45

35 (60.34)
0.66

1.47 (0.70-3.07)

0.84
0.23
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been proposed to account for the disease, its etio-pathogenesis
is poorly understood. One possibility is that BA is an
immune-mediated disease, which occurs following either a
toxic or an infectious insult on a genetically susceptible host[20].
Therefore, a number of studies have investigated whether
bile duct epithelial cells are susceptible to immune or
inflammatory attack because of abnormal expression of
human leukocyte antigens (HLA) or ICAM-1 on their cell
surface[18]. It has been demonstrated that the expression of
ICAM-1 and HLA-DR antigen in BA patients increases
compared to that in controls[21]. In addition to immune-mediated
theory, a role of inflammation in the pathophysiology of
BA has long been proposed. Histopathologic studies of the
hepatic bile duct demonstrate various stages of inflammation
causing progressive destruction of biliary system[3]. This
process might be caused by an overexpression of ICAM-1[22].
The ICAM-1 gene is located on chromosome 19p13 and
two non-synonymous single nucleotide polymorphisms are
known as 12959G>A (G241R) and 13848A>G (K469E)[23].
Several investigators have demonstrated the genetic
association between ICAM-1 gene polymorphism and
chronic inflammation diseases including inflammatory bowel
disease [14], multiple sclerosis [16], Behcet’s disease [24], and
endometriosis[25]. Although there is a lot of information
supporting the role of ICAM-1 gene polymorphism as a
risk factor for diseases characterized by inflammatory
process, the study of genetic susceptibility to BA, however,
receives little attention. Donaldson et al.[8], suggested that BA
is not a HLA-associated disease, and that IL-1 and IL-10
gene polymorphisms are not risk factors for BA. Since
inflammatory process and obliterative cholangiopathy within
the liver are important features of BA, together with the
fact that ICAM-1 molecule plays a major role in initiating
inflammation, it is of our interest to evaluate whether ICAM1 gene polymorphism is associated with BA. According to
our knowledge, such a study has not been carried out.
The present study revealed that there was no association
between K469E ICAM-1 gene polymorphism and BA in
Thai population. Our results suggest that K469E ICAM-1
gene polymorphism is not a risk factor for both the
etiopathogenesis and the prediction of success after Kasai
operation. However, another study of serum sICAM-1 in
BA patients showed that high levels of serum sICAM-1 are
associated with the presence of jaundice and poor liver
function, as illustrated by lower levels of serum albumin as
well as higher levels of serum ALT, AST, and GGT[26]. Our
findings support the results from other research groups.
Kobayashi et al.[27], demonstrated that serum sICAM-1 levels
can be used as a marker of end-stage liver disease in BA.
Serum sICAM-1 also increases in BA patients but does not
correlate with liver function[28]. Davenport et al.[2], reported,
that a reduction in ICAM-1 expression on infiltrating cells
in the biliary remnants is associated with a better post-operative
prognosis. It might be possible that elevated sICAM-1 levels
in BA patients with persistent jaundice found in this study
reflect the impaired clearance of ICAM-1 from significant
liver damage or, alternatively that the elevated sICAM-1
levels are caused by the increased ICAM-1 expression or
by either mechanisms. Thus, the regulatory mechanisms of
serum sICAM-1 seem to be complex. It is not easy to explain
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the mechanisms of our observation from the study of serum
sICAM-1 levels alone. At least, however, our findings show
that the association between serum sICAM-1 and liver
function in BA patients is significant enough to bring about
a serious consideration.
According to our findings that high serum sICAM-1
levels are associated with poor outcome in BA patients
following Kasai operation and the fact that ICAM-1 signaling
is responsible for the initiation of inflammation, sICAM-1
levels in BA patients might have a prognostic role. In the
study of serum sICAM-1, we recruited only patients who
did not receive liver transplantation, in order to avoid the
confounding effects from different therapeutic modalities.
It has been demonstrated that serum sICAM-1 levels in
normal controls are low (less than 500 ng/mL)[27,28]. Although
there was no normal control group in our study, at least we
found that the proportion of BA patients having serum
sICAM-1 3 500 ng/mL was significantly higher than that
of patients without jaundice. Together with evidence
supporting the role of ICAM-1 signaling pathway in
inflammation, the manipulation of ICAM-1 expression might
benefit BA patients. Therefore, apart from the prognostic
role of serum sICAM-1 levels in BA, the therapeutic potential
for BA using the immunomodulation of BA deserves
attention. However, the specific mechanism requires further
investigation.
In conclusion, the absence of association between K469E
polymorphism of ICAM-1 and BA in Thai population has
been demonstrated. BA patients with persistent jaundice
following Kasai operation have higher serum sICAM-1 levels
than those without jaundice. These findings suggest that
ICAM-1 signaling is involved in the immunopathology of
BA. Although ICAM-1 plays an important and active role
in the disease progression, the process is not influenced by
genetic susceptibility of K469E ICAM-1 gene polymorphism.
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Abstract
AIM: The Lewis b (Leb) antigen has been implicated as a
possible binding site for attachment of Helicobacter pylori
(H pylori) to gastric mucosa. However, studies both
supporting and denying this association have been
reported in the literature. Differences in secretor (Se)
genotype have been suggested as a possible reason for
previous discrepancies. Therefore, we investigated the
relationship between Le and Se genotypes and H pylori
infection rates in people with peptic ulcer or gastric cancer.
METHODS: Peripheral blood samples were obtained from
347 patients with endoscopic evidence of peptic ulcer
disease (235 cases of duodenal ulcer, 62 of gastric ulcer,
and 50 of combined duodenal ulcer/ gastric ulcer) and 51
patients with gastric cancer on endoscopy. Peripheral blood
specimens from 101 unrelated normal volunteers were
used as controls. Lewis phenotype was determined using
an antibody method, whereas Le and Se genotypes were
determined by DNA amplification and restriction enzyme
analysis. Gastric or duodenal biopsies taken from patients
with endoscopic evidence of peptic ulcer or gastric cancer
were cultured for H pylori. Isolates were identified as H pylori
by morphology and production of urease and catalase. The
H pylori infection status was also evaluated by rapid urease
test (CLO test), and urea breath test (13C-UBT). Results
of studies were analyzed by chi-square test (taken as
significant).
RESULTS: H pylori was isolated from 83.7% (303/347)
of patients with peptic ulcer disease. Statistical analysis
did not show any significant difference in Lewis phenotype
or genotype between patients with and without H pylori
infection. No significant association was found between
Lewis genotype and peptic ulcer or gastric cancer.

INTRODUCTION
The Lewis blood group determinants are structurally related to
the antigens of the ABO and H/h blood group systems. They
are made by sequential addition of specific monosaccharides
onto terminal saccharide precursor chains on glycolipids or
glycoproteins. The glycolipids on which they reside on the
erythrocyte surface are not synthesized in erythroid tissues,
but are acquired by erythrocyte membranes from other
tissues through circulating soluble forms that are bound to
lipoproteins[1].
The synthesis of the epitopes is dependent on the
interaction of two different fucosyltransferases: alpha(1,2)
fucosyltransferase encoded by the FUT2 or secretor (Se)
locus of the H/h blood group system, and alpha(1,3;1,4)
fucosyltransferase (FUT3) encoded by the FUT3 locus.
Fucosylation by FUT3 gives rise to the Lea epitope, whereas
the action of both enzymes results in Leb.
If FUT3 is not expressed, the phenotype is Lea-b- regardless
of whether FUT2 (Se) is expressed or not. If FUT3 and
FUT2 are both expressed, the phenotype is Lea-b+. If FUT3,
but not FUT2 is expressed, the phenotype is Lea+b-. A Lea+b+
phenotype may occur, if there is reduced expression of
FUT2.
The Leb glycan has been reported to mediate the attachment
of Helicobacter pylori (H pylori) to human gastric mucosa[2,3].
However, the clinical significance of this reported association
remains a topic of debate. It has also been reported that people
who do not secrete soluble Lewis b antigen are more susceptible
to H pylori infection than people with secretor phenotypes[4].
This study aimed to explore the association among Lewis
antigen phenotypes and genotypes, infection with H pylori,
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and consequent development of peptic ulcer or gastric
cancer.

MA
TERIALS AND METHODS
MATERIALS
Peripheral blood samples were collected as previously
described[4] from 347 patients with endoscopic evidence of
peptic ulcer disease (235 cases of duodenal ulcer, 62 cases
of gastric ulcer, 50 cases of duodenal ulcer and gastric
ulcer) and 51 patients diagnosed with gastric cancer on
endoscopy. Peripheral blood specimens from 101 unrelated
healthy volunteers were used as normal controls. Subjects
were enrolled from the Division of Gastroenterology,
Department of Internal Medicine, Taipei Municipal Jen-Ai
Hospital from August 1998 to December 2002.
The erythrocyte Lewis phenotype was determined by a
tube method using monoclonal antibody (Gamma-CloneR,
anti-Lea, anti-Leb Gamma Biologicals, Inc. Houston, TX,
USA) at Taipei Municipal Jen-Ai Hospital.
Total genomic DNA was isolated from peripheral blood
leukocytes as described previously[5], and Le and Se genotypes
were determined by DNA amplification (polymerase chain
reaction, PCR) and restriction enzyme analysis[6,7]. Oligonucleotide primer design and restriction enzyme analysis were
carried out as previously described[5]. The primer sequences
and restriction enzymes used in this study are shown in
Table 1. The amplified products were digested with appropriate
restriction enzymes, followed by electrophoresis on 1.5-4%
agarose gels. Direct sequencing of the PCR products in
selected cases provided a check on the validity of the procedure.
Gastric or duodenal biopsies were taken from all patients
with endoscopic evidence of peptic ulcer or gastric cancer
and cultured for H pylori. Bacterial isolates were identified
as H pylori by morphology and production of urease and
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catalase[8]. The H pylori infection status was also evaluated
by rapid urease test (CLO test), and urea breath test (13CUBT). H pylori infection was defined as positive results by
culture or two positive test results on histology, rapid urease
test, and 13C-urea breath test[9].
Results were analyzed by the chi-square test, P<0.05
was considered statistically significant.

RESUL
TS
RESULTS
H pylori was isolated from 83.7% (303/347) of patients
with peptic ulcer disease. Statistical analysis did not show a
significant difference in Lewis phenotype (Table 2) or Lewis
genotype (Table 3) between peptic ulcer patients with
H pylori infection and those without infection. Among the 51
gastric cancer patients, H pylori infection prevalence in the
different Lewis phenotypes was Lea-b+, 30/33 (90.9%); Lea-b-,
7/8 (87.5%); Lea+b-, 3/3 (100%); and Lea+b+, 6/7 (85.7%).
H pylori was detected in 109/124 (87.9%) of peptic
ulcer patients with Se/Se genotype, 148/174 (85%) of those
with Se/se genotype, and 53/58 (91.3%) of those with se/se
genotype. The difference in proportion of infected patients
was not significant (P = 0.436).
Similarly, no significant difference (P = 0.440) was found
for presence of H pylori infection in peptic ulcer patients
with Le/Le (86/97, 88.6%), Le/le (182/215, 84.6%) or
le/le (31/34, 91.3%) genotypes.
No significant association was found between Lewis
genotype and presence of peptic ulcer disease or gastric
cancer (Table 4). Again, an analysis by Se genotype showed
no significant difference between patients with peptic ulcer
disease and normal controls (P = 0.915) or between patients
with gastric cancer and normal controls (P = 0.741), whereas
analysis by Le genotype gave similar, non-significant results

Table 1 Primer sequences and restriction enzymes of mutation in Se and Le genes
Mutation

Primer sequence

Enzyme

UP1: GATGGAGGAGGAATACCGCCTC

Ear I

Se gene
A385T

DP2: GATCTCCTGGCGGAGGTGGTGGTAGAAGATC
G428A

Identical to A358T primer pairs

Bgl II

C571T

UP: AGGAGATCCTCCAGGAGTTCA

Dde I

DP: AGAAGGAGAAAAGGTCTCAAAGG
G849A

Identical to C571T primer pairs

Dde I

C628T

UP: AGTGTGGAAGGGGGTGGTGCCC

Bgl I

Fusion gene

UP: CTGCCTCCTGACCATGTCC

DP: CCACTCTGGCAGGAAGGC
Pst I

DP: identical to reverse primer of C628T
Le genes
T202C and C314T
C445A

UP: CCACCCTCCTGATCCTGCTC

Msp I (T202C)

DP: GATATCCCAGTGGTGCACGATGATGATC

Bcl I (C314T)

UP: identical to UP of T202 C and C314 T

BstN I

DP: GAGATTGAAGTATCTGTCCAAGGC
G508A

UP: TCAACTTGGAGCCACACCCT

Alu I

DP: AGTTGGACACCGCCCAGGCCACCAG
A1007C

UP: GCTCCTTCCGCTGGGCACTAG

Alu I

DP: TGGCCACAAAGGACTCCAGC
T1067A

UP: GTACCAGACGGTGCGATGCA
DP: identical to DP of A1007 C

1

UP: upstream primer; 2DP: downstream primer; The mutated base is underlined.

Nsi I
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Table 2 Correlation between Lewis phenotype and H pylori infection in peptic ulcer disease
Lea-b+ (n = 230)

Phenotypes
H pylori status
Positive
Negative
Prevalence %

Lea-b- (n = 59)

Lea+b- (n = 14)

Lea+b+ (n = 44)

P
0.5662

195
35
84.7

54
5
91.5

12
2
85.7

39
5
88.5

Table 3 Correlation between Lewis genotype and H pylori infection in peptic ulcer disease
Genotypes
H pylori status
Positive
Negative
Prevalence %

SeLe/SeLe
(n = 33)

SeLe/seLe
(n = 65)

SeLe/Sele
(n = 42)

SeLe/Sele
(n = 90)

SeLe/Sele
(n = 3)

36
6
85.7

72
18
80

2
1
66.6

SeLe/Sele
(n = 19)

SeLe/Sele
(n = 37)

SeLe/Sele
(n = 46)

33
4
89.1

41
5
89.1

SeLe/Sele
(n = 12)

P
0.446

28
5
84.8

59
6
90.7

17
2
89.4

12
0
100

Table 4 Lewis genotypes in peptic ulcer and gastric cancer
Genotypes
SeLe/SeLe
SeLe/seLe
SeLe/Sele
SeLe/sele
Sele/Sele
Sele/sele
seLe/seLe
seLe/sele
sele/sele
P

Peptic ulcer n = 347

Gastric cancer n = 51

33
65
42
90
3
19
37
46
12
0.1291

Normal n = 101

2
11
4
15
3
4
3
5
4
0.8812

7
25
10
21
5
7
12
9
5

P = 0.129 peptic ulcer vs normal controls; 2P = 0.881 gastric cancer vs normal controls.

1

(P = 0.067 and P = 0.344 respectively).
Finally, no significant correlation was obtained between
ABO blood group type and H pylori infection (Table 5).

DISCUSSION
H pylori is the main causative agent of gastric and duodenal
ulcers[10] and gastric adenocarcinoma[11]. Attachment is a prerequisite for microbial colonization of epithelial surfaces
and is mediated through interaction of adhesins on the
bacterial surface and proteins or glycoconjugates on the
surface of the epithelial cells[12,13]. Borén et al.[2], reported
that the attachment of H pylori to gastric mucosa is mediated
by the Lewis b (Leb) antigen and that the availability of
receptors might therefore be reduced in individuals of blood
groups A and B compared to people with blood group O.
Carneiro et al.[14], found that there is a significant relationship
between ABO blood group in combination with Lewis
phenotype on the one hand and H pylori infection on the
other. H pylori is present in 100% of those with Leb+/O
phenotype but in only 57% of Le b-/A or B phenotype.
However, infection is also present in 92% of Leb-/O individuals
and 86% of Leb+/A or B individuals. Nonetheless, the Carneiro

group challenged the finding of Niv et al.[15], that positivity
for H pylori is not associated with blood group O and their
conclusion that their observations do not support the
contention that the receptor for H pylori in the gastric mucosa
is the Leb antigen.
However, Clyne and Drumm[16] found that adherence
of H pylori to isolated human gastric cells is not dependent
on Lewis antigen expression on the cells, and Umlauft et al.[17],
could not demonstrate any in vivo correlation between
H pylori infection or disease and Leb antigen. Taylor et al.[18],
also found that there is no correlation between Lewis antigen
expression by H pylori and gastric epithelial cells in infected
patients.
More recently, Keller et al.[19], found that there is no
significant association between secretor status or specific
ABO blood group and H pylori infection or occurrence of
gastro-duodenal ulcer. Aguiar[20] also found that there is no
significant association between the presence of H pylori and
ABO, Lewis or secretor phenotype, while Nogueira et al.[21],
actually found that Leb expression is nearly twice as common
among children without H pylori (15/23, 65%) as in those
with H pylori (16/47, 34%).
However, Yang et al.[22], found that there are significant

Table 5 ABO blood types and susceptibility to H pylori infection (n = 230)
Blood types
H pylori status
Positive
Negative
Prevalence %

A (n = 44)

B (n = 54)

O (n = 122)

AB (n = 10)

34
10
77.2

49
5
90.7

106
16
86.8

8
2
80

P
0.255
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relationships between Lewis phenotype and H pylori infection.
Expression of Le a antigen (whether Le a+b- or Le a+b+) is
associated with a higher infection rate but a lower bacterial
density, a lower severity of chronic inflammation, and a
lower frequency of lymphoid follicles in the gastric cardia.
To complicate things even further, H pylori-infected patients
expressing the Leb antigen have a lower rate of gastro-duodenal
ulcers but a higher bacterial density and inflammation
severity in the gastric cardia. It is difficult to know how to
interpret these results.
In vitro studies by Lindén et al.[23], and Van de Bovenkamp
et al.[24], showed that binding of H pylori to human gastric
MUC5AC mucin is blood group antigen-binding adhesin
dependent and mediated by the Leb structure in the mucin.
However, it has also been shown that H pylori bacteria that
do not express Lewis antigens but do express other complex
carbohydrates that may still have the ability to form longterm colonies in the stomach[25,26].
It may be that differences in reported results are due to
strain differences in H pylori. Hennig et al.[27], found that
there is considerable heterogeneity among H pylori isolates
in expression of the BabA adhesion, which is thought to
bind to Leb antigen present on the surface of gastric epithelial
cells. Sheu et al.[28], in a study of 188 dyspeptic patients with
H pylori infection in Taiwan, found that all isolates have a
positive babA2 genotype and that, among 139 patients with
Leb expression, H pylori density increases with Leb intensity.
In the 49 patients without gastric Leb expression, H pylori
density is positively correlated with Lex and Lea expression.
In conclusion, Lewis blood genotype or phenotype may not
play a role in the pathogenesis of H pylori infection. However,
bacterial strain differences and the presence of more than
one attachment mechanism may limit the contribution of
epidemiological studies toward elucidating this matter.
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Abstract
AIM: To investigate the combined effect of etoposide and
radiation on CT26 colorectal adenocarcinoma implanted
into BALB/c mice.
METHODS: We evaluated the radiosensitizing effect of
etoposide on CT26 colorectal adenocarcinoma in a
syngeneic animal model. BALB/c mice were subcutaneously
implanted with CT26 cells and divided into four groups:
control (intra-peritoneal saline×2) group, etoposide (5 mg/kg
intra-peritoneally×2) group, radiation therapy (RT 5 Gy×2
fractions) group, and combination therapy with etoposide
(5 mg/kg intra-peritoneally 1 h before radiation) group.
RESULTS: Tumor growth was significantly inhibited by
RT and combination therapy. The effect of combination
therapy was better than that of RT. No significant changes
were noted in body weight, plasma alanine aminotransferase,
or creatinine in any group. The leukocyte count significantly
but transiently decreased in the RT and combination
therapy groups, but not in the etoposide and control
groups. There was no skin change or hair loss in the RT
and combination therapy groups.
CONCLUSION: Etoposide can sensitize CT26 colorectal
adenocarcinoma in BALB/c mice to RT without significant
toxicity.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common
malignancies worldwide, accounting for a significant
percentage of cancer mortality. The incidence in both
developing and developed countries has been increasing over
the past few decades. Concurrent chemo-radiation therapy
(CCRT) plays an important role in controlling CRC and
palliating symptoms. This is particularly true when aiming
for anal preservation in locally advanced disease, and it
therefore offers an attractive alternative to surgery, the
current mainstay of treatment[1].
Radiation therapy (RT), either as a definitive treatment
along with chemotherapy for unresectable disease or as a
post-operative adjuvant for resectable disease, plays an
important role in the management of CRC[2,3]. However,
large portions of the colorectum, small intestine, and urinary
bladder are inevitably included within the radiation field
in order to treat the areas of pelvic lymphatic drainage.
Therefore, radiation-induced toxicity limits the use of RT
in treating this malignancy, either alone or as part of a CCRT
protocol. Moreover, some tumor clones are resistant to RT
or chemotherapy. Currently, CCRT using a 5-fluorouracil
(5-FU)-based regimen is the mainstay of CRC therapy. 5-FU
is known to be a radiosensitizer, but some cancer cell clones
are resistant to it[4,5]. Given these limitations, it is desirable
to look for radiosensitizers that augment the efficacy of RT,
thus allowing a lower RT dose, and have acceptably low toxicity.
Etoposide (VP-16) is a semi-synthetic derivative of the
naturally occurring antibiotic podophyllotoxin, which
poisons type II topoisomerase without binding to DNA[6].
Etoposide has been widely used in the treatment of lung
and ovarian cancer, given either intravenously or orally[7-9].
The combination of etoposide and cisplatin given concurrently
with RT for lung cancer has yielded promising results[10].
Etoposide-based CCRT also appears to be effective in newly
diagnosed malignant glioma[11]. Chemotherapy with etoposide
as a single agent, however, is not very successful in a phase
II trial for colorectal cancer[12], which may explain why there
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is little interest in this drug for this disease. However,
Shigematsu et al.[13], reported, that a combination of low
dose etoposide and radiation, arrests V79 (Chinese hamster
fibroblasts) and T24 (human bladder cancer) cells in the
G 2/M phase of the cell cycle, decreasing their survival.
Since G 2/M is a radiosensitive phase of cell cycle, it is
possible that etoposide functions as a radiosensitizer rather
than a cytotoxic agent.
In this study, we investigated the combined effect of
etoposide and radiation on CT26 colorectal adenocarcinoma
implanted into BALB/c mice. Both the therapeutic effect
and safety profile were evaluated.

MA
TERIALS AND METHODS
MATERIALS
Cell culture and mice
CT26 cells, N-nitroso-N-methyl urethane-induced mouse
colon carcinoma cells of BALB/c origin[14], were purchased
from the American Type Culture Collection (ATCC,
Manassas, VA, USA). Cells were cultured in RPMI1640
medium (GIBCO, Grand Island, NY, USA) supplemented
with 10% heat-inactivated fetal calf serum (Hyclone, Logan,
UT, USA) at 37 in a humidified 50 mL/L CO2 incubator.
The cell cultures were passaged every 2-3 d with TEG
solution (0.25% trypsin, 0.1% EDTA and 0.05% glucose
in Hanks’ balanced salt solution) and maintained in
exponential growth. Male BALB/c mice, aged from 6 to
8 wk, were obtained from the National Laboratory Animal
Center (Taipei, Taiwan) and housed in a rodent facility at
in a 12-h light-dark cycle. Four groups of animals
22±1
of 9-11 mice each were implanted with CT26 cells (2×105
cells) by subcutaneous injection into the right gluteal region.
Treatment was started when the tumors grew to 0.5 cm in
diameter. All experiments were performed in accordance
with the regulations of the NIH Guide for the Care and Use of
Laboratory Animals (DHHS publication no. NIH 85-23,
revised 1996).
Drug preparation
Etoposide was purchased from Sigma-Aldrich Co. (St. Louis,
MO, USA). It was dissolved in dimethyl sulfoxide (DMSO)
at 10 mmol/L as a stock solution and stored at -20 . For
experimental use, the stock solution was diluted to the
appropriate concentration with growth medium, with a final
DMSO concentration of less than 0.1%. This concentration
of DMSO has been previously proven to be nontoxic to cells.
Drug administration and radiation delivery
There were four groups of mice in our study. The first
group received intra-peritoneal (i.p.) saline for 2 consecutive
days, and served as controls. The second group received
daily i.p. injections of etoposide, 5 mg/kg for 2 consecutive
days. The third group received RT, 5 Gy daily for 2
consecutive days. The fourth group received a combination
of etoposide, followed by RT 1 h later. The doses of
etoposide and RT were the same as used in the previous
two groups. The mice were anesthetized with pentobarbital
(50 mg/kg i.p.) before RT. The gluteal region, including
both femurs and tumor, was irradiated with a total of 10 Gy
in two daily fractions (6 MV photon beam at source-to-axis
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distance of 100 cm, dose rate 2.4 Gy/min) by an accelerator
(Clinac® 1800, Varian Associates Inc., CA, USA, dose rate
2.4 Gy/min). Two tissue-equivalent polystyrene plates
(1.3 cm thick upward and 5.0 cm thick downward) were
used to provide adequate build-up. Dosimetry was measured
using a N30001 ionization chamber (PTW-FREIBURG,
Germany) prior to radiation.
Evaluation of tumor volume, liver and renal function, leukocyte
count, and skin changes
The total body weight of each mouse and size of implanted
tumors were determined every other day by a single
observer. Calipers were used to measure the largest (a) and
smallest (b) diameter, and the tumor volume was estimated
according to the formula 0.5ab2[19]. The leukocyte count
was estimated by retro-orbital blood sampling every other
day after treatment. Animals were killed when the first mouse
expired after treatment. The plasma levels of alanine
aminotransferase (ALT) and creatinine were measured with
a SYNCHRON LX20 spectrophotometer (Beckman
Coulter, San Diego, CA, USA) by heart blood sampling after
being killed. Skin changes and hail loss in the mice were
evaluated by a single observer after RT every other day.
Statistical analysis
Data were expressed as mean±SE or percentage. Analysis
of variance was used to compare tumor size, body weight,
ALT, and creatinine, and leukocyte count among the groups
and controls. We used Sigma Stat software (version 2.03,
SPSS Inc., Chicago, IL, USA) to perform the statistical
analysis. P<0.05 was considered statistically significant.

RESUL
TS
RESULTS
Tumor growth
As shown in Figure 1, low-dose etoposide alone had no
significant effect on tumor growth compared to the control
group. However, RT alone and the combination therapy
resulted in significant decrease in tumor size compared to
controls (P<0.05). Combination therapy yielded the best
results among the four groups. The tumor size at the end
of the study in the combination therapy group was only
54% that of the RT group (1.27 cm3 vs 2.35 cm3).
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Figure 1 Tumor size in BALB/c mice implanted with CT26 colorectal
adenocarcinoma cells. ( ) control group, saline only; ( ) etoposide group,
5 mg/kg×2; ( ) RT group, 5 Gy×2; ( ) combination therapy group (etoposide
plus RT).
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Figure 2 Changes in body weight of BALB/c mice implanted with CT26
colorectal adenocarcinoma cells. ( ) control group, saline only; ( ) etoposide
group, 5 mg/kg×2; ( ) RT group, 5 Gy×2; ( ) combination therapy group
(etoposide plus RT).

Changes in body weight, liver, renal function, and skin
There were no significant changes in body weight in any of
the four groups (Figure 2). Similarly, there were no significant
differences in the plasma ALT and creatinine levels among
the four groups (Figure 3). There was no obvious skin change
or hair loss in any of the mice after RT or combination
therapy except for tumor-related destruction.

No. of leukocyte (×103/µL)

Changes in leukocyte count
The leukocyte count decreased significantly but transiently
after treatment with RT or combination therapy (P<0.05).
As shown in Figure 4, the nadir of the leukocyte count
occurred 8 d after treatment. In contrast, the leukocyte counts
in the control and etoposide groups had no evident change.
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Figure 4 Serial changes in leukocyte counts of BALB/c mice implanted with
CT26 colorectal adenocarcinoma cells. ( ) control group, saline only; ( )
etoposide group, 5 mg/kg×2; ( ) RT group, 5 Gy×2; ( ) combination therapy
group (etoposide plus RT).

DISCUSSION
Our findings indicate that etoposide is a potent radiosensitizer
in murine CT-26 colorectal adenocarcinoma cells without
evident toxicity in vivo. This supports the contention that
the role of etoposide in CRC treatment is as a radiosensitizer
rather than as a cytotoxic agent.
Body weight and plasma ALT and creatinine were
unaffected by any of the treatment modalities. The fact
that transient leukopenia was found in both the RT and
combination therapy groups but not in the etoposide group

Level of ALT (IU/L)

Body weight (g)

20

80.0

80.0

60.0

60.0

40.0

40.0

0.5
0.4
0.3
0.2
0.1
0.0

0.5
0.4
0.3
0.2
0.1
0.0

Level of Creatinine (mg/dL)

Creatinine

25

Figure 3 Plasma ALT and creatinine levels after killing of BALB/c mice implanted
with CT26 colorectal adenocarcinoma cells. From left to right are: control group,
etoposide group, RT group, and combination therapy group.

suggests that the bone marrow suppression may be caused
by the radiation alone. The RT regimen used in this study
may therefore needs to be adjusted to avoid myelosuppression.
O’Dwyer et al.[16], reported, that etoposide-related leukopenia
is dose-dependent. The low dose we used was apparently
successful in avoiding bone marrow suppression. Low-dose
etoposide therefore may have little toxicity per se, but in our
study, even this low dose appeared to have significant
radiosensitizing activity.
One advantage of etoposide is that it comes in an oral
form. Long term oral administration of etoposide improves
the prognosis of ovarian cancer in patients who tolerate it
well[8,17]. This suggests that oral etoposide might be a good
candidate for a daily radiosensitizer. One study has shown
that there is no significant difference between intravenous
and oral administration of etoposide in terms of median
response duration, time to progression, and survival when
used to treat small cell lung cancer[18]. Shigematsu et al.[13],
also reported that the killing effect of low dose etoposide
in vitro, seems to depend on the duration of exposure rather
than the concentration. This duration-dependent rather than
concentration-dependent also supports the use of lower dose
etoposide as a radiosensitizer, as we found in our study.
Newer chemotherapeutic and biological agents, such as
irinotecan (CPT-11)[19], oxaliplatin[20], and cyclooxygenase-2
inhibitors (e.g. celecoxib)[21] have been studied for their
radiosensitizing potential in rectal cancer. These agents are
particularly attractive because they have a favorable safety
profile[22]. According to our results, low dose etoposide also
appears to be safe and effective in the mouse model. It
would therefore be worth conducting a clinical trial of
etoposide-based CCRT for 5-FU resistant rectal cancer.
Although CCRT for CRC has promising clinical results,
the mechanism of conventional radiosensitizers such as
5-FU remains unclear[23]. This is true for etoposide as well.
Shigematsu et al.[13], have reported a significant increase in
cells in the G2/M phase after exposure to low-dose etoposide
in vitro. This phenomenon is similar to our preliminary
results (data not shown). Since cells in the G2/M phase are
radiosensitive, etoposide may act to arrest CT26 cells in
that phase, thus sensitizing them to RT. Another possibility
is that the drug upregulates p53 and Bcl-2 expression, as
has been reported in CT26 cells in vivo[24], an effect that
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may induce apoptosis. Apoptosis may play an important
role in the mechanism of radiosensitization. In the future,
we are planning to assess apoptosis in tumors by annexin
V/propidium iodide or the TUNEL test.
In conclusion, the results of this study indicate that
low-dose etoposide can sensitize CT26 cells to RT in vivo
without evident toxicity. Further studies to identify the
mechanism of etoposide-related radiosensitization are
needed.
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Abstract
AIM: To construct the expression vector of B3 (scdsFv)SEA (D227A) and to identify its binding and cytotoxic ability
to B3 antigen positive carcinoma cell lines.
METHODS: This fusion protein was produced by a
bacterial expression system in this study. It was expressed
mainly in the inclusion body. The gene product was solubilized
by guanidine hydrochloride, refolded by conventional
dilution method, and purified using SP-sepharose cation
chromatography.
RESULTS: The expression vector B3 (scdsFv)-SEA-PET
was constructed, the expression product existed mainly
in the inclusion body, the refolding product retained the
binding ability of the single-chain antibody and had
cytotoxic effect on HT-29 colon carcinoma cells. The
stability assay showed that the resulting protein was stable
at 37 .
CONCLUSION: This genetically engineered B3 (scdsFv)SEA fusion protein has bifunction of tumor targeting and
tumor cell killing and shows its promises as an effective
reagent for tumor-targeted immunotherapy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Bacterial superantigen Staphylococcal enterotoxin A (SEA) is
an efficient activator of cytotoxic T cells when presented
on MHCII antigens and shows a potential ability in cancer
immunotherapy[1-3]. But SEA also has cytotoxicity against
the normal cells when used to kill carcinoma cells and has
no effect on MHCII– carcinoma cells. The monoclonal
antibody (mAb) preparation technique has brought about a
new method for cancer therapy known as tumor-targeting
therapy. Which therapy can solve the two problems
mentioned above? The mAb B3 is a murine antibody
directed against a carbohydrate antigen in the LeY family,
that is found on the surface of many mucinous carcinomas
of the colon, stomach, ovaries, breast, and lung as well as
some epidermal carcinomas. Because mAbB3 reacts with a
limited number of normal tissues, it is an ideal candidate
for the treatment and diagnosis of cancer[4]. Immunotoxins
made from mAb B3 are cytotoxic to various human cancer
cell lines that express B3 antigen on their surface, and some
of them have been evaluated in clinical or preclinical trials[5].
Antibodies penetrate tumors slowly and take several days
to mix completely within a tumor because of their large
size[6]. Fv fragments of antibodies are heterodimers of the
heavy chain variable domain (VH) and the light chain
variable domain (VL), and the smallest functional modules
of antibodies required for high affinity antigen binding.
The polypeptide chains of whole IgG or Fab fragments
are joined by a disulfide bond, but Fv fragments have no
such inter-chain disulfide bridge and are therefore
unstable[7]. Stable Fv fragments can be produced by making
recombinant molecules in which the VH and VL domains
are connected by a peptide linker (ScFv) or a disulfide bond
(DsFv), so that the antigen binding site is regenerated in a
single protein. However, many single-chain Fvs are unstable.
When they are fused to toxins, the resulting recombinant
immunotoxins are also unstable, presumably owing to
aggregation during the transient separation of VH from
VL by the peptide linker. DsFv is more stable than ScFv,
but the low yield after renaturation limits its application[8]. A
new type of engineered antibody, known as scdsFv has a
linker and a disulfide bond between VH and VL, and is
more stable than dsFv[8].
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In this study, scdsFv of B3mAb (B3scdsFv) was fused
to the SEA (D227A) by genetic engineering method and
expressed in E.coli. The refolding protein has been proved
to be stable at 37 . It can bind to tumor surface antigen
and is cytotoxic to HT-29 colon cells, thus SEA can be used
in tumor targeting therapy.

MA
TERIALS AND METHODS
MATERIALS
Plasmids and cell lines
Template plasmids B3scFv-pET32a and SEA (D227A)pET32a were constructed by our laboratory. Expression
plasmid pET22b, E.coli TOP10, human colon carcinoma
cell line HT-29, human hepatoma cell line SMMC-7721,
human breast carcinoma cell line MCF-7 were all kept in
our laboratory.
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Construction of expression plasmid B3scdsFv-SEA-pET22b
The SEA gene was amplified by PCR using primer pair P5
and P6 and template SEA (D227A)-pET32a. The PCR
products were purified and directly cloned into pMD-18Tvector and further cloned into pET22b (Figure 1).

Ndel

Cys44

Cys105 BamHI

B3VH

Ndel

B3VL

L1

SalI

SEA
L2
SalI

T7 promotor

T7 terminator
B3dsscFv-SEA-pET22b
6 856 bp

f1 origin

Lacl gene

Reagents
LATaqDNA polymerase and restricted enzymes were
purchased from Takara Biotechnology Co., Ltd (Dalian,
China). T4 DNA ligase and non-radioactive cell proliferation
assay kit were obtained from Promega (USA). AKTA FPLC
and Hitrap-SP sepharose column were products of
Amersham Biosciences (Switzerland). Primer synthesizing
and DNA sequencing were completed by Bioasia Co., Ltd
(Shanghai, China).
Construction of plasmid B3scdsFv-pET22b
Mutated disulfide bond sites in B3VH (Cys44) and B3VL
(Cys105) were designed as previously described[9,10]. A mutation
in the linker between VH and VL was found in the template
plasmid B3scdsFv-pET32a after DNA sequencing. Since
the 6 th base in GGGGSGGGGSGGGGS (linker) was
mutated from G to S, we corrected the mutation by overlap
PCR and ligated B3VH and B3VL at the same time. Four
primers were designed according to the gene sequence in
GenBank and the linker sequence (Table 1). Part of the
linker sequence was involved in P2 and P3. Primers 1 and 2
were used for amplification of B3VH and primers 3 and 4
for B3VL. The purified B3VH and B3VL products were
mixed at the ratio of 1:1 and then applied as the template
for the amplification of B3scdsFv with primers 1 and 4.
Then the purified B3scdsFv fragment was cloned into the
DNA sequencing vector pMD-18T. The full length
B3scdsFv was excised from pMD-18T-vector containing
correct insert with NdeI and BamHI and subcloned into a
similarly digested pET22b vector to produce the
recombinant plasmid B3scdsFv-pET22b.

Table 1 Oligonucleotide primers for construction of B3scdsFvpET22b
Number

Long oligonucleotide sequences

1

5’-ggc cat atg gat gtg aag ctg gtg-3’

2

5’-acc tcc acc tga acc gcc tcc acc gga gac agt gac cag-3’

3

5’-ctg gtc act gtc tcc ggt gga ggc ggt tca ggt gga-3’

4

5’-ccg gga tcc gcc ccc ttt aat ttc cag ctt tgt-3’

5

5’-attggatccggaggttcaagcgagaaaagcgaagaaata-3’

6

5’-cacgtcgacttaacttgtatataaatatatagcaatatgcatg-3’

Restriction enzyme is underlined.

AmpR
Ori

Figure 1 Schematic representation of B3scdsFv-SEA-pET22b expression plasmid.
L: polypeptide linker; L1: (GlyGlyGlyGlySer) 3; L2: (GlyGlyGlySer-GlyGlySer).

Expression of B3scdsFv-SEA
The bacterial strain BL21 (DE3) pLysS was used to express
the fusion protein. Briefly, one positive clone was grown in
LB medium containing 100 µg/mL ampicillin and induction
was started by addition of IPTG (final concentration,
1 mmol/L) when the culture reached A600 = 0.5. After the
culture was induced for 3 h at 37 , the cells were harvested.
The bacterial pellet was resuspended in 50 mmol/L TrisHCl, 5 mmol/L EDTA, pH 8.5, 0.8% NaCl, and sonicated,
then centrifuged at 12 000 g for 15 min at 4
to separate
the supernatant and the inclusion body, and analyzed on
15% SDS-PAGE.
Western blotting analysis
Western blotting was performed to confirm B3scdsFv-SEA
identity. Protein samples were dissolved by 15% SDS-PAGE
under reducing conditions and using duplicate gels. One gel
was Coomassie stained while the other was used for
semi-dry electrophoretic transfer (Jim-X Biotechnology Co.,
Ltd, Dalian, China) of the proteins onto nitrocellulose
membrane. The membrane was then blocked with 0.05 mol/L
Tris-HCl, pH 7.4, 0.5 mol/L NaCl, 3% BSA and incubated
with the rabbit polyclonal antibody against SEA for 1 h and
followed by the incubation of HRP-coupled goat anti-rabbit
IgG as secondary antibody. Finally, the recombinant
B3scdsFv-SEA was visualized with Fast DAB peroxidase
substrate. In this part, the B3scdsFv-SEA-pET22b before
induction (total protein) was used as a negative control.
Refolding and purification of B3scdsFv-SEA
The inclusion body was washed twice in 0.05 mol/L
Tris-HCl, pH 8.0, 20 mmol/L EDTA, 2% Triton X-100,
0.5 mol/L NaCl, then dissolved in 6 mol/L guanidine
hydrochloride, 2 mmol/L EDTA, 0.05 mol/L Tris-HCl,
pH 8.5, 10 mmol/L DTT and incubated for 3 h at room
temperature. The denatured products were centrifuged for
10 min at 12 000 g at 4 . The supernatant was slowly
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diluted into the refolding solution containing 0.1 mol/L
Tris-HCl, pH 8.0, 0.5 mol/L L-Arg, 2 mmol/L EDTA,
0.9 mmol/L oxidized glutathione at the ratio 1:30, refolded
for 48 h at 10 .
The refolding solution was concentrated by hollow fiber
cartridges, and buffer exchange was carried out at the same
time. The denatured protein in 5 mmol/L phosphate buffer,
pH 5.8 (buffer A) was loaded into a 5 mL sp-sepharose
column pre-equilibrated by buffer A. The protein was
eluted with a linear gradient from 0 to 0.5 mol/L NaCl in
0.04 mol/L phosphate buffer, pH 7.4 (buffer B). The eluted
protein was analyzed on 15% SDS-PAGE.
Binding assay
Analysis for the binding of B3scdsFv-SEA to B3 positive
tumor cells (including human colon carcinoma cell line
HT-29, human hepatoma cell line SMMC-7721, human
breast carcinoma cell line MCF-7) was performed as
described previously[11]. Briefly, the prepared tumor cells
were seeded in a 96-well plate containing 5×103 cells per
well. Cells were cultured for 48 h at 37 and the plate was
washed thrice with PBS. After fixation with pre-cooled fixing
solution (methanol/acetone solution, v/v = 1:1) for 30 min,
the reaction was ended by addition of PBS containing 1%
H 2O 2. Blocking was performed with 1% bovine serum
albumin in PBS with 0.05% Tween-20. After blocking, the
purified B3scdsFv-SEA was added to each well. PBS served
as the negative control. The plate was incubated at 37
for 1 h. After being washed with PBST, the rabbit polyclonal
antibody against SEA (1:1 000 diluted by PBST) was added
for 1 h followed by incubation with
and incubated at 37
HRP-coupled goat anti-rabbit IgG for 30 min. At last, the
substrate TMB was applied for 3 min and the absorbance
at 450 nm was measured when the reaction was stopped by
the addition of 2 mol/L H2SO4.
Tumor cell growth inhibition assay
Growth inhibition assay was performed in 96-well plates as
described previously[11]. Briefly, 5×103 HT-29 cells were
added to each well, followed by B3scdsFv-SEA dilutions
and 4×10 4 effector cells (human peripheral blood T
lymphocytes) in a total volume of 200 µL. Cells were
in a humidified atmosphere
cultured for 5 d at 37
containing 50 mL/L CO2. After the culture, the number of
remaining tumor cells was determined using a nonradioactive cell proliferation assay kit (Promega, USA) and
the A 490 was measured using a SPECTRA max Plus
spectrophotometer (Molecular Device Corp., USA). Data
were expressed as percentage of tumor growth inhibition,
which was calculated as (1-A test/A C)×100%, where A test
indicates the absorbance of tumor cells grown in the
presence of effector cells and B3scdsFv-SEA dilutions, AC
indicates the absorbance of tumor cells grown in medium
with the effector cells.
Stability assay
The stability of recombinant toxin was determined by
in PBS, and the
incubating for different periods at 37
remaining activity was determined by testing the binding to
the HT-29 cell line.
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RESUL
TS
RESULTS
Expression of B3scdsFv-SEA in E.coli
The expression products in bacterial strain BL21 (DE3)
pLysS was mainly found in the inclusion body as shown in
Figure 2A. The relative mass of targeted protein was
approximately 50 ku, and its expression level was
approximately 30% of the total cellular protein as
determined by TotalLab 2.01 software analysis. Western
blotting was performed to test the identity of B3scdsFvSEA. The rabbit polyclonal antibody could recognize the
B3scdsFv-SEA protein at around 50 ku, but the same
reaction was not observed at lane 2 (the negative control)
(Figure 2B).

A

1

2

M

3

4

B
ku

M

1

2

97
66
43

31

Figure 2 The SDS-PAGE analysis of expression products (A) and Western blot
of inclusion body (B). A: Lane 1: B3scdsFv-SEA- pET22b before induction;
lane 2: total protein after induction; lane 3: ultrasonic supernatant of B3scdsFvSEA-pET22b induced by 1 mmol/L IPTG; lane 4: ultrasonic deposit after induction;
lane M: low molecular weight protein marker; B: Lane 1: Western blot of
B3scdsFv-SEA; lane 2: negative control (total protein before induction); lane M:
low molecular weight protein marker.

Refolding and purification of B3scdsFv-SEA
In order to generate protein with a native conformation,
we solubilized and reduced the inclusion body in guanidine
hydrochloride and DTT, and refolded the protein by dilution
in a buffer containing arginine at 10 . The refolded
product was purified through SP-sepharose column after
concentration and buffer exchange.
The fraction of B3scdsFv-SEA molecules could be
determined by SDS-PAGE. Figure 3 shows, that the gel
mobility of B3scdsFv-SEA was more rapid under nonreducing condition than under reducing condition, indicating
that the disulfide bond might be formed during the refolding
process.
Binding assay
The binding affinity of B3scdsFv-SEA was measured on
B3 antigen expressing cell lines HT-29, MCF-7, and SMMC-
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7721. Figure 4 shows, that the binding affinity increased
with the protein concentration, and had a better binding
ability on MCF-7 cells because the expression level of B3
antigen on MCF-7 was higher than that of the other two
cell lines[12].

1 DTT+
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cell line HT-29 was determined by the MTT assay. The
results of a representative experiment are shown in
Figure 6. The maximum killing effect could achieve 95%
when the protein concentration was 1 µg/mL. But the
cytotoxic potency was a bit lower than native SEA. No killing
effect on tumor cells was observed when the effector cells
were added alone (data not shown).

2 DTT-

% tumor growth inhibition

4902

Figure 3 Gel mobility of B3scdsFv-SEA under reducing (lane 1) and nonreducing condition (lane 2).
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Figure 4 Binding assay of B3scdsFv-SEA to B3 antigen positive carcinoma
cell lines.

Absorbance at 450 nm

Stability assay
B3scdsFv-SEA was very stable at 37 in PBS. The binding
activity of B3scdsFv-SEA at different time points was
determined by ELISA. The recombinant toxin retained 85%
(Figure 5).
of its activity after 16 h incubation at 37
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Figure 5 Stability of B3scdsFv-SEA.
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Figure 6 Cytotoxic effects of B3scdsFv-SEA on HT-29 cell line.

DISCUSSION
The Fv fragment of an antibody can penetrate tumors more
quickly than the intact antibody because of its small size[13].
Because of this advantage, different types of Fv fragments
such as ScFv and dsFv have been extensively applied in
tumor targeting therapy. But the instability of the ScFv and
the low yield of dsFv become the obstacles in their clinical
application. It was reported that the ScdsFv which has a
peptide linker and a disulfide bond between VH and VL is
stable at least after 1 wk exposure to human plasma at 37
, even under denaturing urea (6 mol/L) conditions, and
it has a higher yield after renaturation than dsFv[8].
In this study, the ScdsFv of B3 mAb was fused to SEA
(D227A). The fusion protein was expressed as inclusion
body in E.coli. Small-scale preparations were performed in
order to determine the optimal denaturing conditions, and
we found that the maximum protein activity could be achieved
in the presence of 0.5 mol/L L-Arg and 0.9 mmol/L GSSG
in the refolding solution and the optimal denaturing
temperature was 10 . The refolded products were purified
to get rid of the renaturation agents, the purified B3scdsFvSEA (D227A) had excellent binding affinity when incubated
with B3 antigen positive tumor cell lines. The cytotoxic
results indicate that the B3scdsFv-targeted superantigen
suppresses the tumor cell growth successfully by activating
the T lymphocytes. Moreover, the resulting protein is stable
when incubated at 37 . All the SEA show that the binding
and cytotoxic ability is not affected by the presence of both
a linker and a disulfide bond between B3VH and B3VL.
In conclusion, B3scdsFv-targeted superantigen can be
constructed in a bacterial system and this fusion protein
shows its promise as a good reagent for cancer immunotherapy.
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Abstract
AIM: To investigate the microsatellite instability (MSI) in
cancer and pre-cancerous lesions of the stomach and its
mechanisms underlying the development of gastric cancer.
METHODS: Thirty-six gastric cancer samples were
obtained from patients undergoing surgery. Forty-one
gastric mucosa samples with dysplasia and 51 with
intestinal metaplasia (IM) were obtained from patients
with chronic gastritis undergoing gastro-endoscopy. Genomic
DNA was extracted from the samples. Silver staining
single strand conformation polymorphis-polymerize chain
reaction (SSCP-PCR) was used to screen MSI markers at
5 loci (Bat-25, Bat-26, D5S346, D17S250, and D2S123)
in fresh tissues and formalin-fixed, paraffin-embedded
samples and their corresponding normal gastric mucosa.
RESULTS: The abnormal shifting of the single-strand DNA
(MSI) was identified in 21 out of 36 (58.3%) gastric cancers.
Seven cases showed high-level MSI (two or more loci
altered) and 14 showed low-level MSI (one locus altered).
Gastric cancer with MSI had a tendency to be located in
the distal stomach. MSI was also detected in 11 out of 41
(26.8%) dysplasia samples and in 9 of 51 (17.6%) IM
samples respectively. Three cases of dysplasia and one
case of IM showed high-level MSI. Eight cases of dysplasia
and 8 cases of IM displayed low-level MSI. MIS in IM was
found only in moderate or severe-grade IM. No association
was detected between MSI and dysplasia grade.
CONCLUSION: Accumulation of MSI in dysplasia and
intestinal metaplasia of gastric mucosa may be an early
molecular event during gastric carcinogenesis and may
contribute to the acquisition of transformed cell phenotype
and the development of gastric cancer.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
There is evidence that gastric carcinogenesis is a long-term,
multistep process associated with abnormal alterations in
cellular oncogenes, tumor suppressor genes and other genes
or factors necessary for cell malignant transformation[1-4].
Genetic instability is strongly involved in neoplastic
transformation and progression[5-9]. Microsatellite instability
(MSI), an important form of genetic instability associated
with defective DNA mismatch repair in tumors, was first
described in hereditary non-polyposis colorectal cancer
(HNPCC) in 1993[6]. Since then, the presence of MSI has
been reported in a variety of sporadic cancers including gastric
cancer[5,10-14], suggesting that MSI may play an important role
in the development of gastric cancer[15]. Intestinal metaplasia
and dysplasia predisposed in gastric mucosa have been
regarded as pre-cancerous lesions of the stomach and are
closely related to the gastric carcinogenesis[16-19]. However,
there are few reports concerning the changeable patterns
of MSI in the two pre-cancerous lesions. In this study, we
investigated MSI alterations by use of SSCP-PCR technique
in gastric mucosa with intestinal metaplasia and dysplasia,
and gastric cancer samples to explore the potential role of
MSI in gastric carcinogenesis.
MA
TERIALS AND METHODS
MATERIALS
Stomach specimens
Thirty-six gastric cancer samples were obtained from patients
undergoing surgery. Forty-one gastric mucosa samples with
dysplasia and 51 with intestinal metaplasia were obtained
from patients with chronic gastritis undergoing gastroendoscopy in Jiangsu Provincial Hospital, Nanjing, China.
The tumors were graded as well, moderately and poorly
differentiated. Lesions of intestinal metaplasia and dysplasia
were graded as mild, moderate and severe according to
the WHO criteria. Tissues from non-tumor or noninflamatory gastric mucosa were used as a control in
analysis of MSI.

Liu P et al. MSI in gastric cancer

4905

55-58
for 30 s, at 72
for 15 s, and 72
for 1 min.
Single strand conformation polymorphism (SSCP) was
carried out. In brief, 12 µL of each PCR product was mixed
with 12 µL denaturing buffer, denatured at 97 for 7 min,
loaded onto a non-denaturing 7% polyacrylamide gel and
electrophoresed for 3 h at 20 . The bands were visualized
by silver staining.
Existence of MSI was defined as an band mobility shift
from either alleles or as appearance of a new band with a
different size in the testing sample compared to the control
one. The analysis was performed once more in samples
displaying MSI for confirmation of the results. High-level
MSI (MSI-H) was recognized, when more than 30% of
the markers showed instability and low-level MSI (MSI-L)
was recognized, if less than 30% of the markers displayed
instability. None of the markers showing MSI indicated
microsatellite stability (MSS)[21].

Tissue DNA extraction
Serial 5-µm-thick sections were obtained from formalinfixed and paraffin-embedded tissue blocks. After tissue
deparaffinization, genomic DNA was isolated by standard
proteinase-K digestion and phenol-chloroform extraction
protocol as previously described[20].
PCR-SSCP analysis
All samples were analyzed using five markers (Bat-25, Bat26, D5S346, D17S250, and D2S123) recommended by
America National Cancer Institute (NCI) workshop on
MSI[21]. Oligonucleotides of five pair primers were synthesized
by Sangon Techologies, Shanghai, China. The primer
sequences are listed in Table 1.
Polymerase chain reaction (PCR) was performed as
described by Fleisher et al.[11] with some modifications. In
brief, 25 µL reaction mixture containing 200 ng of DNA,
2.5 µL 10× PCR buffer, 1 µmol/L primer, 1.5-2.0 mmol/L
MgCL 2, 200 µmol/L dNTPs, and 0.5 UTaq DNA
polymerase (Takara, Japan), was amplified for one cycle at
for 5 min followed by 35 cycles at 94
for 30 s, at
95

N

T

D5S346

BAT26

BAT25

T

Statistical analysis
Statistical analysis was performed using the t test or Fisher’s
exact test. P<0.05 was considered statistically significant.
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T
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N

N

N

D

D2S123
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T
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Figure 1 Detection of microsatellite instability (MSI) with five markers in
tissues of gastric cancer, dysplasia and intestinal metaplasia by PCR-SSCP.

T

N

N
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Arrows show abnormal bond of MSI. T: tumor; IM: intestinal metaplasia; D:
dysplasia; N: normal mucosa.

Table 1 Sequences of primers for PCR analysis
Repeat sequence

Primers

Amplicated fragment(bp)

BAT-25

5’-TCGCCTCCAAGAATGTAAGT-3’
5’-TCTGCATTTTAACTATGGCTC-3’

BAT-26

5’-TGACTACTTTTGACTTCAGCC-3’
5’-AACCATTCAACATTTTTAACCC-3’

80-100

D5S346

5’-ACTCACTCTAGTGATAAATCG-3’
5’-AGCAGATAAGACAGTATTACTAGTT-3’

96-122

D17S250

5’-GGAAGAATCAAATAGACAA-3’
5’-GCTGGCCATATATATATTTAAACC-3’

D2S123

5’-AAACAGGATGCCTGCCTTTA-3’
5’-GGACTTTCCACCTATGGGAC-3’

-90

-150
197-227
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RESUL
TS
RESULTS
MSI in gastric cancer
None of the 36 gastric cancer patients had a family history
of gastric cancer. MSI was observed in 21 out of 36 (58.3%)
gastric cancers. Among the 21 MSI+ cases, 7 showed MSIH and 14 showed MSI-L. Figure 1 displays a representative
MSI band compared to control counterpart. No association
was observed between MSI status and age, gender, tumor
grade, tumor location or lymph node spread. Gastric cancer
with MSI had a tendency to be located in the distal stomach
compared to gastric cancer with MSS (Table 2).
Table 2 Characteristics of 36 gastric cancer patients
Characteristic
Average age
Sex
Male
Female
Differentiation grade
well-moderate
poor
Tumor location
Distal
Proximal
Lymph node spread
Absent
Present

MSS (n = 15)

MSI-L (n = 14)

MSI-H (n = 7)

58

62

58

10
5

11
3

4
3

7
8

9
5

6
1

8
7

8
6

5
2

9
6

7
8

4
3

MSI in dysplasia
MSI was detected in 11 out of 41 (26.8%) dysplasia samples.
Among the 11 MSI+ samples, three showed MSI-H and 8
displayed MSI-L. The frequency of MSI in moderate to
severe dysplasia was higher (33.3%) than that in mild
dysplasia (20%), but the difference was not significant.
Notably, four out of five severe dysplasia samples presented
MSI, suggesting MSI tended to develop frequently in
mucosa with severe dysplasia (Table 3).

Table 3 Characteristics of 41 patients with dysplasia
Characteristic

MSS (n = 30)

MSI-L (n = 8)

MSI-H (n = 3)

16
13

3
2

1
1

1

3

1

Histological grade
Mild
Moderate
Poor

MSI in intestinal metaplasia
MSI was detected in 9 of 51 (17.6%) intestinal metaplasia
samples. Among the nine samples, one showed MSI-H and
the other eight showed MSI-L. Notably, MSI was found
only in moderate or severe-grade IM (9/14) other than in
mild-grade IM (0/28, Z = 3.630, P = 0.001). Moreover, IM
samples from female patients had a higher frequency of
MSI compared to IM tissues from males (29.2% vs 7.4%),
but the P value was more than 0.05 (Table 4).

DISCUSSION
The mechanisms of carcinogenesis in gastric mucosa remain
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Table 4 Characteristics of 51 patients with intestinal metaplasia
Characteristic
Sex
Male
Female
Histological grade
Mild
Moderate
Poor

MSS (n = 42)

MSI-L (n = 8)

MSI-H (n = 1)

25

2

0

17

6

1

28
13

0
7

0
0

1

0

1

unclear, and may involve multiple genetic and epigenetic
changes in susceptible cells of the stomach. Genetic
instability including chromosomal instability and microsatellite
instability is an important factor for the accumulation of
these genetic changes.
Microsatellites are ubiquitous, short, repetitive DNA
sequences widely and randomly distributed throughout the
human genome, with unknown function. MSI is a form of
genetic instability characterized by expansions and contractions
of simple sequence repeats in DNA. It represents an important
form of genomic instability associated with defective DNA
mismatch repair in tumors. MSI can be identified in tumors
when alleles of novel sizes are detected in microsatellite
sequences derived from cancer DNA that are not present
in normal tissues of the same individual. MSI has been
observed in a subset of gastric carcinoma ranging from
13% to 44%, even more than 70% in some individual
reports [10-14]. The discrepancy in different researches is
probably due to different types and numbers of microsatellite
markers used in different studies.
In the present study, we have screened three groups of
patients with the reference set of five markers (two monoand three di-nucleotide repeats) recommended by America
National Cancer Institute (NCI) and the criteria for identification
of MSI. In our study, the incidence of MSI in gastric cancer
was 58.3%. Leung et al.[12], reported, that MSI in gastric cancer
is 76.7%, while Halling et al.[14], reported, that MSI in gastric
cancer is 19% with 32 makers, and Wang et al.[13], reported,
that MSI is 33.9% with 42 markers in Chinese. We therefore
postulate that different MSI rates in gastric cancer may be
associated with the markers used in study, the criteria chosen
for definition of MSI, the number of samples, race and
different geographic regions.
The association between MSI and clinicopathologic
characteristics of gastric cancer remains unknown. Wu
et al.[22], reported, that MSI-H gastric tumors are statistically
associated with location of the tumor (distal area of the
stomach), fewer lymph node metastases and better prognosis.
Wirtz et al.[23], reported, that no association is observed
between MSI and gender, tumor invasion, pathological
grade, lymph node metastases, Lauren’s classification and
prognosis, which is similar to our results.
IM and dysplasia are considered as early phenotypic
changes in cascade of events leading to gastric cancer.
Development of some gastric cancer may be the result of
an accumulation of abnormal gene change in these precancerous lesions[12, 16-19]. In our study, the MSI incidence
of IM was 17.6%, lower than that previously reported (3044.5%)[15,19]. The discrepancy might be due to the IM samples

Liu P et al. MSI in gastric cancer

collected from the patients with chronic gastritis, other than
gastric cancer and the histological grade of IM. Different
markers used in different studies may be another explanation
for the discrepancy. MSI is connected with moderate-grade,
which is of importance in grading of IM. We detected
MSI in 26.8% samples with dysplasia in the present study.
Lee et al.[24], reported, that there is no significant association
between MSI and histological grade of dysplasia.
Investigating the occurrence of MSI in gastric cancer and
pre-cancerous lesions may help us to explore the mechanisms
of gastric carcinogenesis. Being detected in gastric cancer,
IM and dysplastic mucosa, MSI might play a role in the multistep
process of carcinogenesis of the stomach. It was reported
that a well-differentiated adenocarcinoma develops 3 years
later at the IM mucosa displaying MSI[25]. In conclusion, early
involvement and continuous accumulation of MSI in
susceptible cells of the stomach may trigger the multi-step
carcinogenesis pathway. Detection of MSI in pre-cancerous
lesions may help us to investigate the stomach carcinogenesis
and to identify patients at risk of developing gastric malignancies.
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Abstract
AIM: To investigate the expression of cyclooxygenase-2
(COX-2) in gastric cancer and its relation with the liver
metastasis and prognosis.
METHODS: Expression of COX-2 mRNA and protein was
examined in gastric cancer and its paired substantial
normal tissue by semi-quantitative reverse transcriptionpolymerase chain reaction and immunohistochemistry.
The relation between COX-2 expression and prognosis
was investigated in 195 cases.
RESULTS: The expression of COX-2 mRNA in gastric
cancer tissue was significantly higher than that in normal
tissue in 47 cases (w = 792, P<0.01). The COX-2 mRNA
in pT3-4 tissue expressed higher than that in pT1-2
tissue (w = 204, P<0.05). The positive expression rate
of COX-2 protein was 57.9% (113/195). The COX-2
expression was significantly related to histological type,
lymphnode metastasis, venous invasion and liver
metastasis (P<0.05). No relation was found between
COX-2 expression and invasion depth, peritoneal
metastasis and International Union against Cancer TNM
stage. The multiple regression analysis showed that the
COX-2 expression and venous invasion were obviously
associated with liver metastasis (P<0.05). However,
there was no significant correlation between COX-2
immunoreactivity and prognosis.
CONCLUSION: COX-2 may play an important role in the
development of gastric cancer, and the over-expression
of COX-2 protein may be a high risk factor for liver
metastasis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric cancer is one of the most common malignancies
worldwide, and yet little is known about its molecular process
of development and progression. Epidemiological studies
showed that non-steroidal anti-inflammatory drugs (NSAID)
can reduce the incidence of cancer of digestive tract[1-4].
Although the mechanism of NSAID remains unclear, it
may inhibit COX[5]. COX, a key enzyme in conversion of
arachidonic acid to prostaglandin, has two isoforms,
namely COX-1 and cyclooxygenase-2 (COX-2). COX-1 is
constitutively expressed in various tissues and involved in
various physiological processes, whereas COX-2 is induced
by pathological stimuli, such as inflammation, growth
factors and cytokines produced by tumor cells[6,7]. Abnormal
expression of COX-2 has been supposed to be related to
the pathogenesis of human cancers[6,8,9].
We attempted to determine the expression of COX-2
in gastric cancer, and the relation between COX-2 and the
pathological features of gastric cancer. In addition, the role
of COX-2 in liver metastasis of gastric cancer and its
prognostic value were explored.
MA
TERIALS AND METHODS
MATERIALS
Patients and tissue samples for RT-PCR
Tissue specimens were taken from 47 gastric cancer patients
who underwent resection (15 women and 32 men, aged
29-82 years). Paired samples of cancer tissue and normal
gastric mucosa were obtained from each patient during
surgery. Resected specimens were snap frozen in liquid
nitrogen and stored at -80 . All patients were treated at
Department of General Surgery, First Affiliated Hospital,
Medical College of Zhejiang University, in 2001-2002.
According to the criteria of International Union against
Cancer (UICC), the depth of invasion was divided into pT1,
pT2, pT3, and pT4.
Patients and tissue samples for immunohistochemistry
One hundred and ninety-five patients undergoing resection
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for primary gastric cancer were examined at Department
of Gastrointestinal Surgery, First Affiliated Hospital, Medical
School, Zhejiang University in 1993-1997 (57 women and
138 men, aged 27-85 years). Resected specimens were fixed
in 40 g/L formaldehyde and embedded in paraffin. The
cancers were reviewed according to the rules of clinical
and pathological studies on gastric cancer for histological
type, depth of invasion, lymphatic invasion, and venous
invasion. Liver metastasis was found in 25 cases (12.8%).
Peritoneal metastasis was found in 35 cases (17.9%).

The color was developed in diaminobenzidine solution (Sigma
Chemical Co., St. Louis, MO, USA) and counterstained with
Mayer’s hematoxylin. Tissues were incubated with TBS
containing 2% rabbit serum and 1% bovine serum albumin
without the primary antibody as control. Furthermore, each
run included a positive control side, which was shown
previously to be strongly positive for COX-2. The scientists
who performed the immunohistochemical analysis were
blinded to pathological features. Tissues stained more than
10% were classified as COX-2 protein-positive[11].

Reverse transcription-PCR analysis for COX-2
Total RNA was isolated using TRIzol reagent (Life
Technologies, Inc., Gaithersburg, MD, USA) according to
standard acid-guanidium-phenol-chloroform method.
About 2 µg of RNA from each sample was reverse
for 60 min in a 20 µL reaction volume
transcribed at 42
using RevertAid™ M-MuLV reverse transcriptase (MBI
Fermentas). cDNA was incubated at 95 for 5 min to inactivate
the reverse transcriptase, and served as template DNA for
32 cycles of amplification using the GeneAmp PCR System
2400 (Perkin-Elmer Applied Biosystems, CA, USA). PCR
was performed in a standard 25 µL reaction mixture
containing 1.5 µL of 25 mmol/L magnesium chloride, 1 µL
10 mmol/L dNTP, 25 µmol/L of each sense and antisense
primer and 1.5 U of Taq DNA polymerase (Promega).
for 1 min, at 57
Amplification was performed (at 94
for 1 min and at 72 for 1.5 min) after heat-start for 5 min.
Finally, an additional extension step was carried out for
10 min. As a negative control, the DNA template was
omitted in the reaction. The primer sequences and PCR
product sizes were as follows. COX-2: forward primer, 5’TGA AAC CCA CTC CAA ACA CAG-3’; reverse primer,
5’-TCA TCA GGC ACA GGG AGG AAG-3’, 232 bp; βactin: forward primer, 5’-TCG TGA TGG ACT CCG GTG
AC-3’; reverse primer, 5’-TCG TGG ATG CCA CAG GAC
TC-3’, 370 bp. The amplified products were evaluated in
2% agarose gel and visualized by ethidium bromide staining
under UV light. The stained bands were analyzed with a
digital gel documentation system and associated densitometry
software (EDAS 290 and 1D software; Kodak Digital
Science, Rochester, NY, USA). To estimate COX-2 expression
levels, the expression ratio was designated as a band density
ratio of COX-2 to β-actin.

Statistical analysis
Statistical analysis was performed by use of Wilcoxon
signed-ranks, χ2 test and Kaplan-Meier test. The risk factors
for liver metastasis were evaluated by a multivariate logistic
regression analysis, variables with a P-value less than 0.1 in
univariate analysis were included. P<0.05 was considered
statistically significant.

Immunohistochemistry
The EnVision™ method was used for immunohistochemical
staining. Five micrometer-thick sections were deparaffinized
with xylene and progressively dehydrated in decreasing
concentrations of alcohol. Endogenous peroxidase activity
was blocked by hydrogen peroxidase (3%) in Tris-buffered
saline (TBS) for 30 min. Sections were boiled (pressurecooking) in citrate buffer, pH 6.0, for 3 min for antigen
retrieval. Non-specific binding was blocked with 5% goat
serum in TBS for 15 min, and the tissues were incubated
with monoclonal antibody to COX-2 (1:200; Cayman
Chemical, Ann Arbor, MI, USA; catalog no. 160112) in
TBS containing 2% rabbit serum and 1% bovine serum
albumin for 1 h. The sections were washed with TBS, and
incubated with EnVision (goat anti-mouse/HRP) for 60 min.

RESUL
TS
RESULTS
RT-PCR analysis
The expression of COX-2 mRNA in gastric cancer was
apparently elevated in comparison to the normal gastric
mucosa (1.08±0.65 vs 0.33±0.21, P<0.01). In addition, the
COX-2 mRNA in pT3, pT4 tissues was significantly higher
than that in pT1, pT2 (0.75±0.43 vs 1.14±0.67, P<0.05)
(Figure 1).

M

bp
501
242
190

1

2

3

4

bp
370
232

Figure 1 Expression of COX-2 mRNA in gastric cancer. M: pUC19 DNA/MspI
marker; lanes 1 and 2: gastric cancer tissues; lanes 3 and 4: matched normal
gastric mucosal tissue.

Relation between COX-2 expression and clinicopathological
features
As shown in Figure 2, the COX-2 protein was expressed
intensely, mainly in cytoplasm and nuclear membrane of
cancer cells. In the 195 specimens, 113 (58%) tumor tissue
specimens showed positive immunoreactivity for the mAb
COX-2. The COX-2 protein was expressed more frequently
and intensely in differentiated adenocarcinoma than in
diffuse-type carcinoma. The samples with lymph node
metastasis, venous invasion and liver metastasis were
significantly stained by COX-2, compared to those without
lymph node metastasis. No statistical correlation was revealed
between COX-2 immunoreactivity and depth of invasion,
peritoneal metastasis and UICC TNM stage (Table 1).
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Expression of COX-2 and prognosis
According to the expression of COX-2, the Kaplan-Meier
survival curves showed no significant correlation between
COX-2 immunoreactivity and prognosis of gastric cancer
(Figure 3).

1.1

Survival

1.0

Figure 2 Immunostaining of COX-2 in gastric cancer.

0.9
0.8

COX-2 negative

0.7
Table 1 Correlation between clinicopathologic features of gastric
cancer and COX-2 expression
Variable
Histologic type
Differentiated
Diffuse
Depth of invasion
T2
T3
T4
UICC stage
I
II
III
IV
Venous invasion
Negative
Positive
Lymph node metastasis
Negative
Positive
Liver metastasis
Negative
Positive
Peritoneal metastasis
Negative
Positive

n

COX-2 positive cases (%)

P (χ²)

84
111

59 (70.2)
54 (48.6)

0.002 (9.15)

84
88
23

47 (60.0)
50 (56.8)
16 (69.6)

0.483 (1.46)

14
23
61
97

6 (42.8)
11 (47.8)
38 (62.3)
58 (59.8)

80
115

39 (48.8)
74 (64.3)

0.030 (4.71)

20
175

7 (35.0)
106 (60.6)

0.028 (4.82)

170
25

93 (54.7)
20 (80.0)

0.017 (5.72)

160
35

95 (59.4)
18 (51.4)

0.388 (0.74)

0.410 (2.88)

Risk factors for liver metastasis of gastric cancer
Based on the results of the univariate analysis, histological
type (P = 0.066), depth of invasion (P = 0.601), venous
invasion (P = 0.011), lymph node metastasis (P = 0.810),
COX-2 immunoreactivity (P = 0.008), and venous invasion
were included as covariables in the multivariate regression
analysis. The result revealed that COX-2 immunoreactivity
and venous invasion were the significant risk factors for
liver metastasis (Table 2).

Table 2 Multivariate logistic regression analysis of independent risk
factors for liver metastasis in 195 gastric cancer patients
Independent risk factor
Venous invasion
Negative
Positive
COX-2 immunoreactivity
Negative
Positive

Relative risk

95%CI

P

1
2.698

1.093–6.660

0.031

1
2.857

1.159–7.041

0.023

P = 0.27

0.6
COX-2 positive

0.5
-2

0

2

4

6

8 10 12 14 (yr)

Figure 3 Overall survival curves of patients with gastric cancer.

DISCUSSION
In the current study, we demonstrated that both COX-2
mRNA and protein were expressed in gastric cancer tissue.
The COX-2 mRNA level was associated with the depth of
tumor invasion. Ristimaki et al.[8], initially reported, that
COX-2 mRNA level is elevated in gastric cancer. Uefuji
et al.[11], found that the level of COX-2 protein is higher in
gastric cancer than in paired normal gastric mucosa by
Western blot analysis. Furthermore, Ohno et al.[12], revealed,
that COX-2 mRNA level increases gradually with the depth
of gastric cancer invasion. But the exact mechanism is
still unknown. The COX-2 specific antibody identified that
COX-2 protein is located in cytoplasm and nuclear
membrane of gastric cancer cells, but not in stroma
surrounding cancerous tissues, the COX-2 protein is also
observed in smooth muscle cells, fibroblasts, and inflammatory
mononuclear cells[12-14]. Additionally, epithelial cells showing
intestinal metaplasia and adenoma are also strongly
immunoreactive to anti-COX-2 Ab. The above data
demonstrate that COX-2 is upregulated in gastric cancer,
and high COX-2 expression may be an early event in the
carcinogenesis of stomach.
In our study, the COX-2 protein was expressed higher
in differentiated adenocarcinoma than in diffuse-type
carcinoma. Yamagata et al.[15], reported, that COX-2 expression
increases in early intestinal-type gastric cancer, and is
significantly higher than that in diffuse-type carcinoma.
However, no correlation is found between the histologic
type of gastric cancer and COX-2 protein in other reports[12].
Recent studies have shown that COX-2 expression is
correlated with lymph node metastasis and lymphatic
invasion in gastric carcinoma. Murata et al.[17], showed that
COX-2 overexpression is associated significantly with
tumor invasion of gastric wall lymphatic vessels and
lymph node metastasis. The same results are also disclosed
in other reports[13,17]. Taken together, these results suggest
that COX-2 may influence lymphatic involvement and
promote tumor invasion.
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Our study showed that COX-2 expression was associated
with venous invasion and liver metastasis of gastric cancer.
The multivariate analysis revealed that the COX-2
immunoreactivity was an independent risk factor for liver
metastasis of gastric carcinoma. COX-2 can enhance the
adhesive ability of endothelial cells in colonic carcinoma
cells, and fortify liver metastatic potential via secretion of
sialyl Lewis antigens[18,19]. Nagatsuka et al.[16], also discovered
that the selective COX-2 inhibitor (JTE 522) has inhibitory
effects on liver metastasis of colon cancer. On the contrary,
some reports showed that COX-2 does not play a major role
in the process of distant metastasis of gastric cancer[11,12,17].
The reason why there is such a discrepancy is not clear, but
the differences in methods (antibody, results evaluation)
might be an important reason.
It was reported that COX-2 protein overexpression is
significantly associated with the UICC TNM stage and the
prognosis of gastric cancer patients[16,17]. Ristimaki et al.[20], have
connected COX-2 overexpression to an unfavorable distant
disease-free survival in breast cancer patients (n = 1 576).
However, no significant correlation was found between
COX-2 immunoreactivity and peritoneal metastasis, UICC
TNM stage and prognosis in our study. Joo et al.[21], also
have not found any significant correlation between them. A
large group and long term follow-up are necessary to assess
the prognostic value of COX-2 in gastric cancer.
Our results suggest that COX-2 is overexpressed in
gastric cancer, and COX-2 may play an important role in
liver and lymphatic metastasis of gastric cancer. Inhibiting
the activity of COX-2 may provide therapeutic benefit to
gastric cancer.
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Abstract
AIM: To investigate the anti-inflammatory mechanism of
oxymatrine in dextran sulfate sodium (DSS)-induced colitis
of rats.
METHODS: Acute colitis was induced by giving 2% DSS
orally in drinking water for 8 d. Twenty-six male rats were
randomized into oxymatrine-treated group (group A, 10
rats), DSS control (group B, 10 rats) and normal control
(group C, 6 rats). The rats in group A were injected
muscularly with oxymatrine at the dosage of 63 mg/(kg·d)
from d 1 to 11 and drank 2% DSS solution from d 4 to 11.
The rats in group B were treated with 0.9% saline in an
equal volume as group A and drank 2% DSS solution
from d 4 to 11. The rats in group C were treated with
0.9% saline as group B from d 1 to 11 and drank water
normally. Diarrhea and bloody stool as well as colonic
histology were observed. The levels of serum tumor
necrosis factor-α (TNF-α) and interleukin-6 (IL-6) were
determined by ELISA, and nuclear factor-κB (NF-κB)
activity and the expression of inter-cellular adhesion
molecule-1 (ICAM-1) in colonic mucosa were detected
by immunohistochemistry method.
RESULTS: Compared with DSS control group, the
inflammatory symptoms and histological damages of colonic
mucosa in oxymatrine-treated group were significantly
improved, the serum levels of TNF-α, IL-6, and the
expression of NF-κB, ICAM-1 in colonic mucosa were
significantly reduced.
CONCLUSION: The fact that oxymatrine can reduce
the serum levels of TNF-α, IL-6, and the expression of
NF-κB and ICAM-1 in colonic mucosa in DSS-induced
colitis of rats indicates that oxymatrine may ameliorate
the colonic inflammation and thus alleviate diarrhea and
bloody stool.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The symptoms and colonic histopathology of rodent colitis
model induced by dextran sulfate sodium salt (DSS) resemble
more the human ulcerative colitis (UC) than other chemically
induced colitis, which has become a research tool for the
pathogenesis of UC and the development of new drugs in
our country and abroad. Sophora flavescens Ait has distinct
anti-inflammatory effect and, several mixture formulas with
Sophora flavescens Ait are effectively used to treat UC in
the clinic[1]. Oxymatrine, as the main efficacy component
of light yellow sophora root, has been reported to be effective
in the treatment of viral hepatitis and bronchial asthma.
Our previous experiments suggested that oxymatrine might
significantly improve the colonic inflamed damage in rat
colitis induced by DSS, but its exact mechanism is unclear[2].
The present experiment aimed to elicit the anti-inflammatory
mechanism of oxymatrine in terms of the regulation of
nuclear factor-κB (NF-κB) to tumor necrosis factor-α
(TNF-α), interleukin-6 (IL-6), and inter-cellular adhesion
molecule-1 (ICAM-1)[3-5]. The inflamed damage of DSS
colitis in rats appears early, so many researches reported to
administer studied drugs along with or ahead of DSS
administration to obtain predicated efficacy[6-10]. As diarrhea
and bloody stool alleviate rapidly after the withdrawal of
DSS, which may affect the observation of drug effect, the
present study administered oxymatrine 3 d earlier than DSS
and terminated oxymatrine and DSS at the same time
according to the literature mentioned above and preliminary
experiments.
MA
TERIALS AND METHODS
MATERIALS
Materials
Healthy male SD rats (n = 26, 4-5 wk) were obtained from
Shanghai Experiment Center of Chinese Academy of
Science, Shanghai, China. DSS (Sigma) was prepared as 2%
solution with distilled water. Injection oxymatrine (kurorinone)
was obtained from Ningxia Pharmaceutical Factory, Ningxia,
China, with purity of more than 98%. TNF-α and IL-6
ELISA kits were purchased from R&D Corporation (Cat.
R6000 and RTA00). NF-κBp65 (F-6) monoclonal antibody
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was from Santa Cruz Co., Ltd (Cat. Sc-8008). Mouse CD54
monoclonal antibody was from Cedarlane Laboratory Co.,
Ltd (Cat. 01010603). Pepsin (Cat. DIG3009) and SP
immunohistological staining hypersensitive kit (Cat. 9702)
were obtained from Fuzhou Maixin Biotechnological Co.,
Ltd, Fujian, China.
Methods
Experimental design Rats (n = 26) were randomized into
three groups: oxymatrine treatment group (group A, n = 10),
DSS control (group B, n = 10) and normal control (group
C, n = 6). In group A, oxymatrine was injected intramuscularly
at the dose of 63 mg/(kg·d) on d 1-11 and 2% DSS solution
was given from d 4-11; in group B, equal volume of 0.9%
saline was used to take oxymatrine and other procedures
referred to group A; in group C, only an equal volume of 0.9%
saline was given intramuscularly on d 1-11 and drinking
water was obtainable freely. Drinking volume of DSS in
group A was controlled to near group B. The symptoms of
rats were assessed by disease activity index (DAI) based on
stool consistency and incidence of stool hemorrhage[11].
After blood sampling from inferior vena cava to obtain
for detection on d 12, all rats were
serum stored in -20
killed and the intact colons were taken and excised
longitudinally to be fixed in 40 g/L formaldehyde. On d 13,
colonic segments (8 cm) up from the anus were removed,
embedded in paraffin and placed on lysine slices[2]. Sections
were stained with hematoxylin and eosin for assessment of
histological changes and scoring[6].
Detection of serum TNF-α and IL-6 ABC-ELISA assay
of double antibodies sandwich were adopted.
Immunohistochemical detection of ICAM-1 SP
immunohistological staining hypersensitive kit was used. The
sections were deparaffinized and hydrated as routine and
digested with pepsin for 15 min at 37 . A solution (50 µL)
was added and kept for 15 min at room temperature followed
by a B solution (50 µL) for 30 min at room temperature;
50 µL of the primary antibody (diluted in 1:75) was added
and kept at 37 for 1 h, then placed at room temperature
for 15 min and kept at 4 overnight (no primary antibody
added samples were used for negative control); C solution
(50 µL) was added, and kept for 1.5 h at room temperature
followed by a D solution (50 µL) for another 1 h. Finally,
the sections were processed with DAB, stained with
hematoxylin followed by routine dehydration and slicesealing.
Assessment criteria of the results: positive cells presented
as buffy, located on cell membrane. Positive vessel was
defined as one more positive vascular endothelial cells that
were observed in the vessels of mucosa and submucosa.
Then the positive vessels of distal colon (about 4 cm up
from the anus) and the number of positive vessels of single
colonic segment were counted (positive vessels/cm).
Immunohistochemical detection of NF-κB activity
After digestion with pepsin, the sections were rinsed thrice
with 0.1% PBS Triton X-100 for 5 min respectively, primary
antibody diluted in 1:100.
Assessment criteria of the results: positive cells presented
as buffy, located on nuclei and cytoplasm. The counting
method of positive endothelial cells refers to procedures
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above. The counting criteria of positive epithelia cells are
as follows: 50 crypts were randomly observed in the distal
colon (about 4 cm up from anus) and the percent of positive
cells per crypt was counted, then the scores were counted
according to the standards: 0 score for 5%; 1 score for
6-25%, presented as +; 2 scores for 26-50%, presented as
++; 3 scores for 51-75%, presented as +++; 4 scores for
76-100%, presented as ++++. Finally, the mean score of
each rat was obtained.
Statistical analysis
Statistical analysis was performed according to one factor
analysis of variance and Wilcoxon rank sum test. P<0.05
was considered to be statistically significant.

RESUL
TS
RESULTS
Comparison of DAI and histological scores
Eight days after drinking 2% DSS, SD rats appeared to
have diarrhea, bloody stool; erosion and superficial ulcer
of colonic mucosa; epithelial damage; inflammatory cell
infiltration and proliferation of lymph follicles in mucosa
and submucosa; dilatation and proliferation of capillaries
and small vessels, which resembled human UC[11]. Each colon
existed with mucosal damage that was located in distal colon.
Compared with B group, both DAI and histological scores
in group A decreased significantly (P<0.05, Table 1).

Table 1 Scores of DAI and mucosal damage in group A and B (n = 10)
(mean±SD)
Group
A
B

DAI
6.0±1.2
7.3±1.1

Scores of mucosal damage
a

5.9±1.1a
7.1±0.7

a

P<0.05 vs group B.

Comparison of serum levels of TNF-α and IL-6
The serum levels of TNF-α and IL-6 in rat DSS-colitis
increased distinctly than normal rats and declined obviously
after treatment with oxymatrine. The serum levels of TNFα and IL-6 in groups A-C were as follows: (9.49±1.01) and
(55.50±12.13) ng/L, (13.70±1.33) and (77.80±14.03) ng/L,
(8.32±1.15) and (40.57±4.79) ng/L. Compared with B
group, the levels of serum TNF-α and IL-6 in group A
were significantly reduced (P<0.01, P<0.05, Table 2).

Table 2 Serum levels of TNF-α and IL-6 in three groups (ng/L)
(mean±SD)
Group

TNF-α

IL-6

A (n = 10)

9.49±1.01b

55.50±12.13a

B (n = 10)
C (n = 6)

13.70±1.33d
8.32±1.15

77.80±14.03f
40.57±4.79

a

P<0.05 vs group C; bP<0.01 vs group B; dP<0.01, fP<0.01 vs group C.

Expression of colonic ICAM-1
In rat DSS-colitis, ICAM-1 expressed on vascular endothelial
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cells and macrophages and it’s expressions in capillaries and
venules were higher than arterioles and most frequently
appeared in mucosa and submucosa. The positive rates were
high in sites and nearby of colonic erosion and superficial
ulcer, and became more and more low following the
alleviation of inflammatory damage up from 3 cm distance
to the anus. Both the stainings of crypt epithelia in mucosa
and lymphocytes were negative.
After administration of oxymatrine, the amount of positive
vessels in rat DSS-colitis reduced obviously; only small
amount of positive vessels were observed in colons of group
C. The mean amount of positive cells in groups A-C were
as follows: (82.75±19.46), (137.27±23.31), (12.97±1.53)/cm
with significant differences by comparison between any two
groups (P<0.01). The amount in group A decreased
obviously compared to group B.
Expression or activation of NF-κB
In rat DSS-colitis, NF-κB expressed on vascular endothelial
cells and mucosal epithelial cells located in nuclei and/or
cytoplasm. Its expressions in capillaries and venules were
higher than arterioles, and most frequently appeared in
mucosa and submucosa. The positive rates were high in
sites and nearby of colonic erosion and superficial ulcer,
and became more and more low following the alleviation
of inflammatory damage from 3 cm distance to the anus.
After administration of oxymatrine, the amount of
positive vessels and positive rates of epithelial cells in rat
DSS-colitis reduced obviously; the mean amount of positive
cells of endothelial and epithelial cells in distal distant colon were
(24.09±4.39) and (0.86±0.17)/cm in group A, (30.49±6.07)
and (1.19±0.36)/cm in group B. The amount in group A
decreased obviously compared to group B. None or only
little amount of positive cells were observed in colons of
group C with amount of (3.83±1.00)/cm of positive
endothelial cells. The amount of positive cells of vessels in
distal colon in group A decreased obviously compared to
group B (P<0.05).

ICAM-1 by vascular endothelial cells and macrophages were
enhanced greatly than normal in DSS-induced colonic sites;
prophylactic treatment with oxymatrine reduced the
inflamed, infiltration and ICAM-1 expression in rat colons,
which indicates that oxymatrine may ameliorate DSS colitis
by inhibiting ICAM-1 production. Bendjelloul et al. [16],
reported that expression of ICAM-1 in ICAM-1 defected
mice appears as negative or mild positive, its interaction
with leukocytes and inflammatory activity were alleviated.
ICAM-1 plays a key role in the trans-endothelial migration
and immunological cell activation of leukocytes and
prophylactic administration of ICAM-1 mAb could lighten
the inflamed damage[7,17].
The present study also showed that no expression of
NF-κB was observed in non-inflammatory colonic epithelial
cells in rat and only mild positive was observed among
vascular endothelial cells. However, NF-κB activation
presented in both colonic epithelial cells and vascular
endothelial cells; prophylactic treatment with oxymatrine
reduced the colonic inflammation and NF-κB activation,
which indicates that oxymatrine may ameliorate DSS colitis
by downregulating NF-κB activation. Marrero et al.[18], also
reported, that DSS colitis was related to the high activation
of NF-κB. Inducers of NF-κB include TNF-α, oxidative
stress and so on; NF-κB is capable of activating many genes
such as adhesion molecule ICAM-1 and cytokine TNF-α,
IL-1, IL-6, etc.[3-5,19,20] and therefore it is possible to block
the key initial step of inflammation and its secondary effect
by inhibiting NF-κB activity[21].
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Abstract
AIM: To investigate the effects of anti-sense oligonucleotides
(ASODNs) on mRNA expression of heparanase in human
esophageal cancer EC9706 cells.
METHODS: One non-sense oligonucleotide (N-ODN) and
five ASODNs against different heparanase mRNA sites
were transfected into EC9706 cells, then the expression of
heparanase mRNA in EC9706 cells was studied by in situ
hybridization.
RESULTS: The expression of heparanase mRNA could
be inhibited by ASODNs.There was no significant difference
among five ASODNs (P>0.05), but there was a significant
difference between ASODNs and N-ODN or non-transfected
group (ASODN1: 2.25±0.25, ASODN2: 2.21±0.23, ASODN3:
2.23±0.23, ASODN4: 2.25±0.24 vs N-ODN: 3.47±2.80 or
non- transfected group: 3.51±2.93 respectively,P<0.05).
CONCLUSION: The expression of heparanase mRNA in
EC9706 cells can be inhibited by ASODNs in vivo, and
heparanase ASODNs can inhibit metastasis of esophageal
squamous cell carcinoma or other tumors by inhibiting
the expression of heparanase.
© 2005 The WJG Press and Elsevier Inc All rights reserved.
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INTRODUCTION
Heparanase (HPA) is closely associated with cell proliferation,
differentiation, adhesion and exudation, and may play a
crucial role not only in tumor development and progression
but also in tumor invasion and metastasis[1] Studies indicate
that HPA is expressed in tumor tissues, such as liver carcinoma,
ovarian adenocarcinoma, cervical squamous carcinoma,
colonic adenocarcinoma, lymphoma, fibrosarcoma and
melanoma[1,2]. We detected the expression of HPA mRNA
in anti-sense oligonucleotide (ASODN) transfected by in situ
hybridization, so as to provide the basic theory for esophageal
carcinoma target therapy by heparanase ASODN technique.
MA
TERIALS AND METHODS
MATERIALS
Materials
Human esophageal carcinoma EC9706 cell line was provided
by Chinese Academy of Medical Sciences Heparanase
ASODNs1-4, N-ODN and biotin-labeled HPA cDNA
probe were synthesized by DaLian Bao Bio Co., Ltd.SABio-AP and BCIP/NBT were purchased from Promega
Company, USA RPMI-1640 was obtained from Gibco
Company, USA.
Cell culture
Human esophageal carcinoma EC9706 cells (a adherent
cell line) were cultured in RMPI-1640 and divided into six
groups until formation of monolayer on the bottle wall. Groups
1 to 4 were treated with 20 µmol/L ASDON1, ASDON2,
ASDON3, ASDON4, respectively. Control group 1 was
treated with N-ODN at the same concentration. Neither
ASDON nor N-ODN was added to control group 2. All
groups were cultured for another 48 h, and then the cells
were harvested after trypsinization The cells were adjusted
to a concentration of 106/mL and added to the prepared
slides for hybridization.
In situ hybridization
The samples were fixed in 40 g/L paraformaldehyde for
30 min. After being washed in distilled water, samples were
pre-treated with fresh 0.5% H2O2/formaldehyde to block
endogenous peroxidases for 30 min at room temperature.
The samples were treated with 30 g/L proteinase k diluted
freshly by citric acid for 10 min at 37 , pre-hybridized in
pre-hybridized solution without probe for 4 h, and then for
an additional 12 h at 42 . The final concentration of the
labeled heparanase probe was 1 µg/L. After hybridization,
excess probes were removed through rinsing in 0.1×SSC at
42 , and samples were treated with SA-Bio-AP for 10 min
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at 37 , and rinsed again. Color reaction was performed
with new BCIP/NBT in dark for 2-4 h. The samples without
probe were used as negative control.
Result assessment
Ten fields of each section were observed under oil microscope
and 100 cells of each field were counted. Scores were
obtained according to the staining intensity and count degree
of in situ hybridization [3].
Statistical analysis
The SPSS 10.0 statistical package was used for all analyses.
Data were expressed as mean±SD, and analyzed by ANOVA
P<0.05 was considered statistically significant.

RESUL
TS
RESULTS
Expression of heparanase mRNA in EC9706 cells
Heparanase mRNA (blue-purple granule) was located in
cytoplasm. There was no positive signal in the cell sample
without probe (Figure 1).
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promote invasion and metastasis of tumors. It expresses in
tissues of spleen, lymph nodes, peripheral blood, bone marrow
and infant liver, but not in tissues of heart, encephalon,
lung, liver, kidney and pancreas of normal adults[1.4]. Studies
indicate that the level of heparanase expression in liver
carcinoma, ovarian adenocarcinoma, colonic adenocarcinoma
and melanoma is high[4.5]. Its activity correlates with the
metastatic potential of mouse lymphoma, fibrosarcoma and
melanoma cells. The level of heparanase expression in tumor
cells with high metastatic potential is higher than that in
tumor cells with little or no metastatic potential[6-9], suggesting
that heparanase gene expression is closely associated with
metastasis of tumors.
To explore new methods of inhibiting the metastasis of
tumor we transfected human esophageal carcinoma EC9706
cells with four heparanase anti-sense oligodeoxynucleotides
(ASODNs1-4) and observed the effect of ASODN on the
expression of HPA gene in EC9706 cells. The results indicate
that heparanase can express in human esophageal carcinoma
EC9706 cell line and the expression of heparanase mRNA
in EC9706 cells were effectively depressed by transfected
ASODNs1-4 suggesting that ASODNs may inhibit the
invasion and expression of heparanase gene. These results
may provide the basic theory for preventing the invasion
and metastasis of esophageal carcinoma.
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Figure 1 Expression of heparanase mRNA in human esophageal cancer
EC9706 cells. A: non- transfected group; B: ASODNs-transfected group; C:
control group without probe.

4

5

Influence of ASODN on expression of heparanase mRNA in
EC9706 cells
The level of heparanase mRNA expression in ASODNs14-transfected EC9706 cells was 2.25±0.25, 2.21±0.23,
2.23±0.23, 2.25±0.24, respectively There was a significant
difference between experimental group and control group
1 (3.47±2.80, P<0.05). But there was no significant difference
between control groups 1 and 2 (3.51±2.93). There was no
significant difference in different ASODNs.

6

DISCUSSION
Heparanase is a kind of endoglycosidase. It can degrade haparan
sulfate glyoprotein, damage the basement membrane and

9

7

8

Vlodavsky I, Friemann Y, Elkin M, Aingorn H, Atzmon R,
Ishai-Michaeli R, Bitan M, Pappo O, Peretz T, Michal I, Spector
L, Pecker I. Mammalian heparanase: gene cloning, expression
and function in tumor progression and metastasis. Nat Med
1999; 5: 793-802
Nakajima M, Irimura T, Di Ferrante D, Di Ferrante N,
Nicolson GL. Heparan sulfate degradation: relation to tumor
invasion and metastatic propertyes of mouse B16 melanoma
sublines. Science 1983; 220: 611-613
Chen KS, Zheng NG, Wu JL, Ding Y, Wang YL. Effects of
8-Br-cAMP on growth related gene expression of human
esophageal cancer cell line Eca-109. Jiepou Xuebao 1999;
30: 227-229
Vaday GG, Lider O. Extracellular matrix moietyes, cytokines,
and enzymes: dynamic effects on immune cell behavior and
inflammation. J Leukoe Biol 2000; 67: 149-159
Graham LD, Underwood PA. Comparison of the heparanase
enzymes from mouse melanoma cells, mouse macrophages
and human platelets. Biochem Mol Biol 1996; 39: 563-571
Miao HQ, Ornitz DM, Aingorn E, Ben-Sasson SA,Vlodavsky
I. Modulation of fibroblast growth factor-2 receptor binding,
dimerization, signaling, and angiogenic activity by synthetic
hearinmimicling polyanionic comound. J Clin Invest 1997; 99:
1565-1575
Vlodavsky I, fuks Z, Bar-Ner M, Ariav Y, Schirrmacher V.
Lymphoma cell mediated degradation of sulfated proteoglycansin
the subendothelial extracellular matrix: relationship to tumor
cell metastasis. Cancer Res 1983; 43: 2704-2711
Vlodavsky I, Elkin M, Pappo O, Aingorn H, Atzmon R,
Ishai-Michaeli R, Aviv A, Pecker I, Friedmann Y. Mammalian
heparanase as mediator of tumor metastasis and angiogenesis.
Isr Med Assoc J 2000; 2(Suppl): 37-45
Walch ET, Marchetti D. Role of neurotrophins and neurotrophins
receptors in the in vitro invasion and heparanase production
of human prostate cancer cells. Clin Exp Metastasis 1999; 17:
307-314

Science Editor Wang XL and Guo SY Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(31):4918-4922
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Increased expression of cyclooxygenase-2 in first-degree relatives
of gastric cancer patients
Jin-Ting Zhang, Ming-Wei Wang, Zhen-Long Zhu, Xiao-Hui Huo, Jian-Kun Chu, Dong-Sheng Cui, Liang Qiao, Jun Yu
Jin-Ting Zhang, Ming-Wei Wang, Zhen-Long Zhu, Xiao-Hui
Huo, Jian-Kun Chu, Dong-Sheng Cui, Jun Yu, Department of
Medicine, the First Affiliated Hospital of Hebei Medical University,
Shijiazhuang 050017, Hebei Province, China
Liang Qiao, Jun Yu, Storr Liver Unit, Westmead Millennium
Institute, University of Sydney at Westmead Hospital, NSW 2145,
Sydney, Australia
Supported by the National Natural Science Foundation of China,
No. 30370637
Co-first-authors: Jin-Ting Zhang and Ming-Wei Wang
Correspondence to: Dr. Jun Yu, Storr Liver Unit, Westmead
Millennium Institute, University of Sydney at Westmead Hospital,
NSW 2145, Sydney, Australia. jun_yu@wmi.usyd.edu.au
Telephone: +61-2-98459142 Fax: +61-2-98459103
Received: 2005-01-04 Accepted: 2005-01-26

Abstract
AIM: To study the expression of cyclooxygenase-2 (COX-2)
in human gastric cancer tissues and their paired adjacent
mucosa, as well as mucosa from gastric antrum and corpus
of the first-degree relatives of the recruited cancer patients.
METHODS: The expression of COX-2 mRNA in 38 patients
with gastric cancer and their 29 first-degree relatives and
18 healthy controls was assessed by the real time RT-PCR.
The expression of COX-2 protein was determined by
Western blot.
RESULTS: A marked increase in COX-2 mRNA expression
was found in 20 of 37 (54%) cancerous tissues compared
to their respective paired normal mucosa (P<0.001).
Interestingly, increased COX-2 mRNA expression was also
found in mucosa of the corpus (6/29) and antrum (13/29)
of their first-degree relatives. Increased COX-2 mRNA
expression was more frequently observed in the antrum
biopsies from cancer patients than in the antrum biopsies
from healthy controls (P<0.05). In addition, 3 of 23 (13%)
patients with atrophic mucosa and 6 of 35 (17%) patients
with intestinal metaplasia showed increased COX-2 mRNA
expression. Furthermore, COX-2 expression increased in
H pylori-positive tissues, especially in antrum mucosa.
CONCLUSION: Increased COX-2 expression is involved
in gastric carcinogenesis, and may be necessary for
maintenance of the malignant phenotype and contribute
to Helicobacter pylori-associated malignant transformation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Gastric cancer; First-degree relatives; COX-2;
H pylori

Zhang JT, Wang MW, Zhu ZL, Huo XH, Chu JK, Cui DS, Qiao L,
Yu J. Increased expression of cyclooxygenase-2 in first-degree
relatives of gastric cancer patients. World J Gastroenterol
2005; 11(31): 4918-4922

http://www.wjgnet.com/1007-9327/11/4918.asp

INTRODUCTION
Gastric cancer is one of the most common malignancies in
China and the most frequent cause of cancer-related death[1].
Although its incidence is increasing, it is still the second
most commonly diagnosed fatal cancer worldwide [2] .
Unfortunately, gastric tumors are usually diagnosed at
their advanced stage and the current 5-year survival rate is
only 17%. Development of gastric cancer, like many other
malignancies, is a multi-step process involving the accumulation
of genetic alterations. However, much remains to be learned
about the molecular pathogenesis of gastric cancer progression
and new molecular targets are needed for the prevention
and treatment of gastric cancer, especially in its early stage.
Previous studies showed that about 10% of gastric cancer
patients exhibit familial clustering[3,4], and a high prevalence
of intestinal metaplasia has been found to be in the firstdegree relatives of patients with gastric cancer in contrast
to age-matched controls. Thus, the first-degree relatives are
considered to be in pre-malignant state [5]. Therefore,
identification of genes predisposing to familial cancer is an
essential step towards understanding the molecular events
underlying tumorigenesis and is critical for the clinical
management of affected families.
Prostaglandins play an important role in the protection
of the upper gastrointestinal tract mucosa against injurious
agents. Prostaglandin production in the gastro-duodenal
mucosa is due to a single isoform of cyclooxygenase (COX)[6].
Two COX isoforms, COX-1 and -2, have been identified[7].
COX-1 is a housekeeping gene that is constantly expressed
in a number of cell types, whereas COX-2 is an early
responsive gene that is rapidly induced by growth factors,
tumor promoters, oncogenes, and carcinogens[8]. COX-2
products have also been shown to be mutagenic [9] and
tumorigenic [10]. Multiple lines of evidence suggest that
COX-2 plays an important role in the malignant transformation
of cells[11] including various cancer cells[12]. In contrast, levels
of COX-1 are relatively constant. Recently, the importance
of COX-2 in gastro-intestinal carcinogenesis has been
recognized. In humans, COX-2 is frequently detected in
the majority of colon tumor samples and is involved in
early events of colon carcinogenesis[13,14]. Indeed, increased
COX-2 expression has been observed in gastric carcinoma
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with no alteration in the levels of COX-1[15]. Whether COX-2
is associated with early gastric carcinogenesis in humans,
especially in gastric mucosa of the first-degree relatives of
gastric cancer patients, remains unclear. In this study, we
aimed to detect the expression level of COX-2 in gastric
cancer and non-cancerous tissues to look for a possible
relationship between the development of gastric cancer and
COX-2 expression.

MA
TERIALS AND METHODS
MATERIALS
Subjects
Fifty patients with gastric cancer (mean age 66 years, range
50-87 years), 29 of their first-degree relatives (mean age
50 years, range 27-74 years) and 18 healthy subjects without
gastric cancer family history (mean age 58 years, range
24-86 years) were recruited in this study. Tissues were
collected from tumor area and their adjacent non-tumor
corpus and antrum of cancer patients, their first-degree
relatives and healthy subjects. Two or three biopsies were
snap-frozen in liquid nitrogen for mRNA and protein
analysis, and two additional specimens were fixed in 10%
buffered formalin for routine histology. Written informed
consent was obtained from all participants before
commencement of the study.
Histology
Formalin fixed tissues were processed and stained with
hematoxylin and eosin, for routine histological evaluation.
Helicobacter pylori (H pylori) was detected by Warthin-Starry
staining[16]. Histological classification of gastric cancer type
was based upon Lauren system which divides gastric cancer
into intestinal or diffuse type. The severity of gastritis and
H pylori colonization status of the non-tumorous gastric
mucosa were determined by updated Sydney System[17]. All
histological sections were reviewed by an experienced gastrointestinal pathologist.
RNA and protein isolation
Gastric tissue specimens were homogenized with an
ultrasonographic homogenizer. Total RNA and proteins were
sequentially extracted using TRIzol reagents (CINNA/MRC,
Cincinnati, OH, USA), according to the manufacturer’s instructions.
RT-PCR
One microgram of total RNA was reverse transcribed using
dNTPs (1 mol/L), 5× reverse transcription (RT) buffer
(500 mol/L Tris-HCl, pH 8.3, 250 mol/L KCl, 50 mol/L
MgCl2, and 50 mol/L DTT), 16 units RNasin, and 2.5 units
of AMV reverse transcriptase (Gibco-BRL, Life Technologies).
mRNA expression of COX-2 was first determined by
conventional RT-PCR. One microliter of reverse-transcription
product (cDNA) was amplified by PCR using 1 U of
Ampli-Taq DNA polymerase (Gibco-BRL), and 6 pmoL
each of COX-2 forward and reverse primers, with 6 pmoL
each of forward and reverse β-actin primers included in
the same multiplex PCR reaction, as an internal control for
efficiency of RT and amount of RNA. Each PCR cycle
for 28 s, an annealing
consisted of a denaturation at 94
for 48 s and an elongation at 72
for 1 min. A
at 60
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total of 30 cycles were performed with an additional
for 5 min. The primer sequences and
extension at 72
PCR product sizes were as follows: cox-2, sense 5’AGATCATCTCTGCCTGAGTATCTT-3’, anti-sense 5’TTCAAATGAGATTGTGGGAAAAT-3’, with a 305-bp
amplification; β-actin, sense, 5’-TGACGGGGTCACCCACACTGTGCCCATCTA-3’, anti-sense, 5’-CTAGAAGCATTTGCGGTGGACGATGGAGGG-3’ with a 654-bp
amplification. PCR products were separated on 1.5%
agarose gels with 0.5 µg/mL of ethidium bromide, and
stained bands were visualized under UV light, photographed,
and digitized with a scanner.
Real-time quantitative PCR was then performed on ABI
PRISM 7000 sequence detection system using Sybrgreen,
PCR mastermix (Perkin Elmer, Branchburgh, NJ, USA)
and primers. Primer sequences were designed from the
GenBank as follows: COX-2, (forward) 5’- GCCCTTCCTCCTGTGCC-3’, (reverse) 5’-AATCAGGAAGCTGCTTTTTAC-3’; and β-actin, (forward), 5’-CTAATGGGCACCCAGCACAATG-3’, (reverse) 5’-GCCGATCCACACGGAGTACT-3’. A 24-µL reaction mix was aliquot with
1 µL/replicate of cDNA. A DNA-free template control
(containing water) was included and each sample was added
in duplicate. Reaction tubes were sealed with optical caps,
for 2 min, at 95
and the PCR reaction was run at 50
for 10 min, followed by 40 cycles at 96 for 45 s, at 60
for 45 s and at 72 for 1 min. Specificity of PCR products
was characterized by melting curve analysis and followed
by gel electrophoresis. Quantification was determined by
the threshold cycle. Actin was used as a housekeeping
gene to normalize mRNA levels and compared to mRNA
expression levels in normal control stomach.
Western blotting
Total protein concentration was determined by the method
of Bradford (DC protein assay, Bio-Rad, Hercules, CA, USA).
Fifteen micrograms of protein was separated by 12% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and then
transferred onto equilibrated polyvinylidene difluoride
membrane (Amersham Biosciences, Buckinghamshire, UK)
by electroblotting. Membranes were blocked using 5% skim
milk, and then incubated with primary antibodies (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) against COX-2
(1:1 000) or β-actin (1:1 000) overnight at 4 . After
incubation with secondary antibody, proteins were detected by
enhanced chemiluminescence (ECL, Amersham Corporation),
and bands were quantified by scanning densitometry using
the SCAN Control (Scanco~1.lnk) imaging system.
Statistical analysis
Statistical association between COX-2 expression and various
clinicopathological factors was determined using the χ2 test.
An exact comparison densitometric analysis of COX-2 PCR
products was performed by Student’s t-test. P<0.05 was
considered statistically significant.

RESUL
TS
RESULTS
COX-2 expression in gastric cancer
Increased COX-2 mRNA expression was detected in 37 of
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50 (74%) gastric cancer tissues, COX-2 mRNA expression
was found to be at very low levels in adjacent gastric mucosa,
with 6 of 34 (18%) corpus tissues and 2 of 35 (6%) antrum
tissues showing positive COX-2 expression (Table 1 and
Figure 1). Quantitative analysis showed that tumor tissues
expressed significantly higher levels of COX-2 mRNA
compared to the adjacent antrum or corpus samples
(Figure 2). COX-2 mRNA was expressed in both intestinal
and diffuse types of gastric cancer and did not show any
significant difference. By Western blot, COX-2 protein
expression was found in 15 of 24 (62.5%) cancers and 4
of 24 (16.7%) adjacent non-tumor specimens (Figure 3).
There was a significant correlation between COX-2 mRNA
and COX-2 protein expression in gastric tumor samples
(r = 0.522; P = 0.001).
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first-degree relatives (Figure 1). In contrast, only 1 of 18
normal controls exhibited very low COX-2 mRNA
expression in both corpus and antrum tissues. Quantitative
analysis showed that expression of COX-2 mRNA increased
in corpus and antrum tissues of first-degree relatives
compared to healthy controls (P<0.01, Figure 2). Weakly
positive COX-2 protein was detected in the mucosa of first
degree relatives (Figure 3), whereas it was undetectable in
normal controls.
We then proceeded to investigate the COX-2 expression
in two pre-cancerous conditions: atrophic mucosa and
mucosa with intestinal metaplasia, to determine whether
upregulation of this gene occurred at an earlier stage in
malignant transformation. COX-2 mRNA was upregulated
in 3 of 23 (13%) cases of mucosal atrophy and 6 of 35
(17%) cases of intestinal metaplasia.

Table 1 COX-2 mRNA expression in gastric tissues
bp

β-actin

654

COX-2

305

COX-2 mRNA expression

Tissues
Gastric cancer
Paired adjacent corpus
Paired adjacent antrum

Relative COX-2 mRNA

Figure 1 RT-PCR analysis of COX-2 mRNA in gastric tissues. Lanes 1-4:
gastric cancer; lanes 5 and 6: first-degree relatives; lanes 7 and 8: healthy
control; lane 9: negative control; lane 10: 100-bp DNA ladder. T: Tumor; NT:
adjacent non-tumor; C: corpus, and A: antrum.
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Correlation of COX-2 expression with H pylori infection
We compared the COX-2 mRNA expression in H pylori
infected and H pylori-negative tissues (Table 2). RT-PCR
analysis of the gastric tissues showed that the expression of
COX-2 was significantly upregulated in H pylori infected
tissues compared to H pylori-negative tissues (P<0.05).
Because H pylori is most commonly colonized in gastric
antrum[18], we also compared the levels of COX-2 expression
in H pylori infected antrum and corpus tissues, and found
that the expression of COX-2 mRNA was significantly
higher in the antrum (P<0.05).

Figure 2 Quantitative RT-PCR analysis of COX-2 mRNA in gastric tissues.
GC: gastric cancer; FDR: first degree relatives.
Table 2 Correlation between COX-2 mRNA expression and H pylori
infection
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Figure 3 COX-2 protein expression in gastric tissues. T: Tumor; NT: adjacent
non-tumor; C: corpus, and A: antrum.

Expression of COX-2 in gastric mucosa of first degree relatives
We also studied the COX-2 expression in 29 first-degree
relatives of gastric cancer patients, and in 18 normal
subjects without family history of gastric cancer. Increased
COX-2 mRNA expression was observed in 6 of 29 (20.1%)
corpus tissues and in 13 of 29 (44.8%) antrum tissues of

DISCUSSION
Gastric cancer is one of the most commonly encountered
malignancies worldwide. Several of its pre-cancerous
conditions, such as atrophic gastritis and intestinal metaplasia,
have been well recognized. The concern with these gastric
cancer precursor conditions or lesions is related to the
attempt to prevent carcinoma or to detect it at an early
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stage. Atrophic gastritis is defined as the loss of gastric glands,
which can occur either in antrum or in corpus. Increased
prevalence of this type of gastritis has been found in subjects
who are at high risk for gastric cancer[19]. Intestinal metaplasia
is defined as the replacement of gastric mucosa by glands
that have the characteristics of the small intestine[20], and
this condition has been strongly associated with development
of gastric cancer. Atrophic gastritis and intestinal metaplasia
have been accepted as pre-cancerous conditions for some
years. Generalized genetic instability has been shown to occur
early in this process[21,22]. In contrast, the relative contributions
of inherited susceptibility and environmental effects to
familial gastric cancer are poorly understood, because little
is known about the genetic events that predispose to gastric
cancer. The first-degree relatives of gastric cancer patients
have a three-fold risk for developing gastric carcinoma[3,9].
Therefore, the identification of genes predisposing to familial
cancer is an essential step towards understanding the
molecular events underlying tumorigenesis and critical for
the clinical management of affected families.
In our study, COX-2 gene expression was undetectable
in normal control gastric mucosa. In the majority of
gastric carcinomas studied, COX-2 expression was clearly
upregulated compared to the levels of expression in
accompanying antrum and corpus mucosa devoid of cancer
cells. A similar pattern of COX-2 mRNA expression has
previously been found in human gastric carcinoma[23]. More
importantly in this study, upregulation of COX-2 mRNA
and protein was found in first-degree relatives. Furthermore,
we detected COX-2 expression in atrophic mucosa and in
intestinal metaplasia. These results suggest that COX-2
overexpression constitutes an early event in the gastric
neoplastic transformation process which occurs at the
pre-cancerous stage. Similarly, expression of COX-2 is found
in some non-malignant hyperplastic gastric glands that may
represent pre-malignant lesions stained for the COX-2
protein [23]. Expression of COX-2 is also found in rat
epidermis during hyperplastic transformation[24]. In addition,
colonic epithelium expresses only low levels of COX-2
mRNA and elevated levels are found in more than 40% of
pre-malignant colonic adenomas. COX-2 expression is
detected in hyperplastic bronchial epithelium and atypical
alveolar epithelium in lung specimens[25]. COX-2 is involved
in Barrett’s-associated metaplastic and dysplastic specimens[17].
All these findings strongly suggest that COX-2 may play a
role in early carcinogenesis.
H pylori has been epidemiologically linked to gastric
cancer and classified as a class I carcinogen by the World
Health Organization[26]. In the present study, expression of
COX-2 mRNA was upregulated in gastric mucosa from
H pylori-positive tissues compared to H pylori-negative tissues,
suggesting that induction of COX-2 may be a specific
response to H pylori infection. COX-2 mRNA expression
was significantly correlated with H pylori infected antrum
tissues, but not with H pylori infected corpus tissues. A more
important factor may be the consistent finding that H pylori
infection density is greater in gastric antrum than in
corpus [27,28]. Therefore, the overexpression of COX-2 may
be a direct effect of H pylori.
In conclusion, gastric cancer and pre-cancerous lesions
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express COX-2. COX-2 mRNA is detectable in gastric
mucosa of first-degree relatives of cancer patients. COX-2
may contribute to H pylori associated neoplastic transformation.
Further investigation is necessary to determine the putative
role of this gene in gastric carcinogenesis.
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Abstract
In view of the poor prognosis of patients with
cholangiocarcinoma (CCC), there is a need for new
therapeutic strategies. Inter-disciplinary therapy seems to
be most promising. Radiotherapy is an effective alternative
to surgery for hilar CCC (Klatskin tumors) if an adequate
radiation dose can be delivered to the liver hilus. Here,
we describe a patient for whom we used a stereotactic
radiotherapy technique in the context of an inter-disciplinary
treatment concept. We report a 45-year-old patient with a
locally advanced Klatskin tumor. Explorative laparotomy
showed that the tumor was not resectable. A metallic
stent was implanted and the patient was treated by
stereotactic radiotherapy using a body frame. A total dose
of 48 Gy (3×4 Gy/wk) was administered. Therapy was
well tolerated. After 32 mo, local tumor recurrence and a
chest wall metastasis developed and were controlled by
radio-chemotherapy. After more than 56 mo with a good
quality of life, the patient died of advanced neoplastic
disease. Stereotactic radiotherapy led to a long-term
survival of this patient with a locally advanced Klatskin
tumor. In the context of inter-disciplinary treatment
concepts, this radiotherapy technique is a promising
choice of treatment for patients with hilar CCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Cholangiocarcinoma (CCC) is the second most common
primary liver cancer after hepatocellular carcinoma[1]. Its
prognosis is poor. The 5-year survival after surgical treatment
with curative intention is 10-30% [2], but at the time of
diagnosis less than one-third of tumors are resectable[3,4].
Single agent or combination chemotherapy and conventional
radiation therapy are so far not effective, neither as primary
treatment nor as adjuvant treatment after resection [1,5].
The majority of patients survive less than 12 mo after
diagnosis[5,6]. Thus, there is a strong need for new therapeutic
strategies. Here we report a 45-year-old patient with inoperable
hilar CCC, who was treated using an inter-disciplinary
concept including stereotactic radiotherapy. This highly
precise technique also known as extracranial stereotactic
radiotherapy[7], was first developed for the treatment of brain
tumors. Using a body frame, it is applicable to the whole
body. By this technique, an adequate radiation dose can be
delivered to the tumor, while sparing normal structures in
the liver hilus and the upper abdomen that are highly
radiosensitive. A total dose of 48 Gy (3×4 Gy/wk) could
be given and therapy is well tolerated. Although the tumor
is locally advanced at the time of diagnosis and prognosis
was extremely poor, an unusual long survival of more than
4 years with a good quality of life could be achieved.
Stereotactic radiotherapy seems to be a promising choice
of treatment for hilar CCC.
CASE REPORT
In December 1998, a 45-year-old male patient was admitted
to our hospital. The only pathologic finding at clinical
examination was a generalized, painless jaundice. The patient
reported itching, but no abdominal pain, no fever, and no
weight loss. Laboratory tests showed elevated levels of
alkaline phosphatase (591 U/L; normal 35-104 U/L),
γ-glutamyltransferase (75 U/L; normal <39 U/L) and
bilirubin (22.8 mg/dL; normal <1.2 mg/dL). C-reactive
protein increased slightly (15 mg/L; normal <5 mg/L). The
tumor antigen CA 19-9 was elevated (405 U/L; normal
<37 U/L). All other routine biochemical tests were normal.
Abdominal ultrasound examination showed dilation of
intra-hepatic and extra-hepatic bile ducts. Computer
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tomography (CT) and magnetic resonance imaging (MRI)
revealed a 6 cm×7 cm tumor in hepatic duct bifurcation
and cholestasis predominantly in the atrophic left lobe of
the liver. Several enlarged lymph nodes were detected in
the hepato-duodenal ligament and one retro-pancreatic lymph
node in contact to the inferior vena cava. Endoscopic
retrograde cholangiopancreaticography (ERCP) showed a
stenosis of the hepatic duct bifurcation. A biopsy was taken
and using percutaneous transhepatic cholangial drainage
(PTCD), an external-internal Yamakawa drainage was placed.
Histological examination revealed a highly differentiated
CCC. Chest X-ray showed no evidence for metastases.
Explorative laparotomy showed a non-resectable tumor. The
tumor was classified as American Joint Committee on
Cancer stage III according to the staging system for CCC[8]
and as type IV according to modified Bismuth-Corlette
classification for hilar CCC [9,10]. The biliary drain was
internalized post-operatively by implanting a metallic
Memotherm stent (60 mm/10 mm, Fa. Bard-Angiomed,
Karlsruhe, Germany). Subsequently a stereotactic radiotherapy
with 48 Gy was performed for over 4 wk (3×4 Gy/wk)
using the technique of Lax et al.[7,11], with slight modifications.
After careful fixation of the patient in a body frame,
treatment planning was performed in series of 45 axial CT
slices with a distance and thickness of 5 mm. The planning
target volume[12,13], including the clinical target volume (tumor
and involved structures/lymphatic nodes) at a distance
between 3 and 5 mm to compensate for organ motion and
repositioning errors, was 370 cm³. To check the repositioning
accuracy in the body frame, a second CT series was
performed few days after the first. The maximum positioning
deviation in the region of the target volume was less than
3 mm. An optimal dose distribution could be achieved with
seven coplanar conformal photon beams from a 6 MV
linear accelerator (Figure 1). Using this technique, the mean
dose values to liver, right kidney, spleen, and duodenum
could be kept at 20.2, 3.2, 8.7, and 22.2 Gy, respectively.
The patient developed cholangitis 2 mo after radiotherapy.
An ERCP showed a stenosis close to the papilla Vateri. A
biopsy was not conclusive and could not determine whether
the stenosis was caused by tumor or radiation. The patient
was treated with antibiotics. An internal plastic stent
(10F/7 cm, Endo-Flex GmbH, Voerde, Germany) was
placed to relieve the distal biliary obstruction. Jaundice and
associated symptoms resolved. The patient was followed
up at 3-mo intervals. Because transhepatic biliary stents
have a 1-year patency rate of only 50%[14,15], the stent was
replaced endoscopically every 3 mo between May 1999
and July 2003. MRI, in November 1999, showed no contrast
medium enhancement in the tumor region and stable size
of the lymph nodes. MRI, one year later (October 2000),
showed constant size of the tumor, but a slightly contrast
medium enhancement and enlargement of one retro-pancreatic
lymph node consistent with a slowly growing residual tumor.
In addition, a metastasis was detected in the right lobe of
the liver. The patient refused chemotherapy. MRI, in April
2001, showed stable disease. In July 2001, the patient reported
a weight loss of 18 kg in 2 mo and pain in the right
chest. MRI revealed tumor progression and a metastasis in
the right chest wall. Therefore, a combined palliative
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radiochemotherapy was initiated in September 2001. The
chest wall metastasis was irradiated with a photon beam of
a 6 MV linear accelerator with a total dose of 24 Gy (3×4
Gy/wk). Chemotherapy with gemcitabine 1 000 mg/m2
was initiated. MRI, after three cycles of chemotherapy in
December 2001, showed partial remission with regression
of all lesions. Therefore, chemotherapy was continued.
Because of thrombocytopenia and anemia, only two
additional cycles of gemcitabine at a reduced dose could be
given and chemotherapy had to be stopped in March 2002.
After tumor progression, the patient received four cycles
of 5-fluorouracil/leucovorin/oxaliplatin FOLFOX[7] and
two cycles of 5-fluorouracil/leucovorin/irinotecan FOLFIRI.
In July 2003, MRI showed significant progression of the
tumor. Though the tumor had such a final progression, the
patient had a good quality of life for more than 4 years. Four
years and six months after diagnosis he died of liver failure.
The treatment course of the patient is shown in Figure 2.
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Figure 1 CT slice of radiotherapy treatment plan in the drainage area (planning
system: TMS Helax). 1-7: Coplanar beams. Isodoses: green: 100% = 48.0 Gy;
light blue 1: 90% = 43.2 Gy; light blue 2: 80% = 38.4 Gy; light blue 3: 70% =
33.6 Gy; dark blue: 50% = 24.0 Gy. A: PTV (planning target volume): outer red
line includes a safety rim. B: Body frame (low density materials to avoid shielding)
with positioning marks. C: Vacuum cushion for reproducible fixation of the patient
(low density materials to avoid shielding: not visible in CT scan). D: Drainage. E:
Radio-opaque fiducials for the coordinate read out in longitudinal direction.

12/1998

Diagnosis

01/1999
02/1999

Explorative laparotomy: tumor not operable
Metallic wall stent
Stereotactic radiotherapy
(48 Gy, 3×4 Gy per wk)
Cholangitis
Internal plastic stent
(Regular replacement every
three months)
Disease free
intervall
(17 mo)

02/1999
05/1999

10/2000
07/2001

Recurrence+metastasis
Wait and watch (MRI)
Local tumor progression+metastasis chest wall

09/2001

Radiotherapy chest wall (24 Gy, 3×4 Gy per wk)
Chemotherapy: gemcitabine (1 000 mg/m2)
3 cycles

12/2001

Partial remission
Chemotherapy with
gemcitabine stopped (thrombopenia)
Tumor progression

03/2002
12/2002

Chemotherapy (FOLFOX, 4 cycles)
06/2003

Chemotherapy (FOLFIRI, 4 cycles)

07/2003

Tumor progression
Best supportive care
Death

08/2003

Figure 2 Patient’s treatment course from 12/1998 to 08/2003.
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DISCUSSION
Patients with CCC have an extremely poor prognosis.
Because of the high recurrence rate of CCC, there is no
indication for liver transplantation [14,16,17]. Thus, surgical
resection remains the only potentially curative treatment
with a 5-year survival rate of 0-22% (mean 14%) for hilar
CCC and 0-39% (mean 25%) for distal CCC[18]. At the time
of diagnosis, however, resection is possible in less than
a third of the patients [3]. If the tumor is unresectable,
therapeutic interventions are directed toward the relief of
biliary obstruction and its associated symptoms. Palliative
options include ERC, PTCD, or a bilio-digestive anastomosis.
Endoscopic biliary drainage with self-expandable metal stents
has become the favored palliative drainage procedure and
can be successfully performed on most patients with hilar
CCC[5]. Metallic wall stents are preferred over plastic stents
because of their longer patency[19-21]. In a small number of
patients with unresectable CCC and failed endoscopic stents,
photodynamic therapy (PDT) has been used. This technique
involves the intravenous application of a photosensitizer
followed by intra-luminal cholangioscopic photoactivation
and generation of oxygen free radicals that harm cancer
cells preferentially. Therapy decreases bilirubin levels and
leads to a slightly better survival rate[22,23]. It was reported
that bilary stenting with and without PDT shows a survival
benefit for patients receiving PDT[24]. However, a puzzling
aspect of the study is the failure to relieve bile duct
obstruction with stenting alone. Therefore the observed
survival benefit is probably caused by relief of cholestasis
rather than by a reduction of tumor and it remains unclear,
if PDT prolongs survival in patients responding to
conventional bilary stenting procedures. Although this new
technique appears promising, further studies are needed.
Chemotherapy has not been shown to have a significant
impact on survival[25]. The majority of reports use 5-FU
alone or in combination with leucovorin, methotrexate,
cisplatin, mitomycin C, or interferon alpha[5]. In some phase
II studies, a response rate of about 20% is reported for
gemcitabine [26,27] . The majority of reports concerning
chemotherapy in patients with CCC are retrospective and
include only few patients. In intra-hepatic CCC, transarterial
chemoperfusion in combination with temporary embolization
of the feeding artery can be performed. But randomized
controlled trials demonstrating an impact on survival are
lacking. Few studies have reported benefits of primary or
adjuvant standard radiation therapy [28,29]. There are no
randomized controlled trials demonstrating a therapeutic
effect of brachytherapy or external beam radiotherapy[5].
The main problem of radiation therapy of the upper
abdomen is to deliver an adequate dose to the tumor without
serious side effects. Using a conforming, stereotactic
radiation technique, a steep dose gradient can be obtained[30].
This means that a high radiation dose reaches the tumor
while the normal tissue around the target volume is irradiated
with comparatively low doses. Such a highly precise dose
distribution is a need in radiotherapy of the liver hilus. Apart
from the dose distribution the repositioning accuracy of
the target volume is central to a successful radiation therapy.
The high repositioning accuracy by a body frame[7,11] can
explain the differences between our patient and published
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series with respect to side effects and tumor regression.
Thus, stereotactic radiotherapy using a body frame is a
valuable option for non-invasive treatment of inoperable
tumors in critical regions as the liver hilus. Further
technical developments as image guided radiotherapy or
breath-triggered radiotherapy should further increase the
repositioning accuracy and may make this technique available
for routine use.
In conclusion, considering the generally poor prognosis
of patients with Klatskin tumor, the long-term survival of
our patient treated by stereotactic radiotherapy should
encourage a systematic evaluation of this therapeutic strategy
by prospective and randomized protocols.
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Abstract
We herein report a gossypiboma resulting from a retained
surgical swab, which had been left in peritoneum for 20
years after appendectomy. CT revealed a cystic mass with
a calcified reticulate rind. Subsequent surgery and
pathological examination showed a gossypiboma. A simple
experiment, using a barium-soaked surgical swab
demonstrating similar CT appearance, supported our
postulation that calcium deposition on the reticulated fibers
of a surgical swab could generate such a characteristic
“calcified reticulate rind” sign. We believe that identification
of this CT sign facilitates the diagnosis of gossypibomas.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTIONS
Gossypiboma (also called textiloma), an infrequent
complication of surgery, is a mass lesion owing to a retained
surgical swab surrounded by foreign-body reaction. Because
the symptoms of gossypiboma usually are non-specific and
may appear years after surgery, awareness of a gossypiboma
usually comes from imaging studies[1,2]. The most specific
imaging finding of a gossypiboma is a radiopaque marker
on plain radiography, followed by entrapment of air bubbles
in a spongiform pattern on CT[1,2]. However, it is difficult
to diagnose some long-lasting gossypibomas with these two

imaging findings because the surgical swabs used long time
ago may not contain radiopaque markers, surrounding
calcifications increased with time may mask radiopaque
markers, and gas bubbles within a gossypiboma do not last
for years. Herein, we describe a long-lasting gossypiboma
with the “calcified reticulate rind” on CT which may ascribe
to long-standing deposition of calcifications along the
network architecture of a surgical swab. Identification of
this novel CT feature may help doctors to diagnose some
long-lasting gossypibomas.

CASE REPORT
A 43-year-old man sought medical attention due to
progressive abdominal fullness and right flank pain for
2 mo. He denied fever, chill, nausea, vomiting, constipation,
dysuria, gross hematuria, or body weight loss. Physical
examination revealed a soft mass at the right lower quadrate
of his abdomen. The blood cell count, blood chemistries,
and urinalysis were all within the normal range. He received
appendectomy at another hospital 20 years ago and also
underwent bilateral vasectomy for contraception at our
hospital 4 mo prior to this admission.
Abdominal radiograph revealed a round pelvic mass with
a calcified rim (Figure 1). Intravenous urogram revealed
right moderate hydronephrosis due to distal ureteral
compression by the pelvic mass. Pre-enhanced CT scan
demonstrated a 10-cm cystic lesion, with a thick calcified
rind, which exhibited a reticulate pattern (Figures 2 and 3).
Enhanced CT showed no abnormal contrast enhancement.
During laparotomy, a 10 cm×10 cm cystic lesion with a
well-defined fibrotic wall was disclosed in the pelvic cavity.
Adhesion of the lesion to the right lower ureter was also
noted. On gross examination, a piece of gauze of about
10 cm×4 cm×0.2 cm containing necrotic debris was
removed from the thick-wall cystic lesion. Microscopic
examination revealed suture granuloma, cholesterol clefts,
fibrinoid necrosis, fibrosis, and calcification on the capsule.
The final diagnosis was gossypiboma, plausibly resulted from
the retained gauze during the appendectomy performed
20 years ago.
We postulated that the “calcified reticulate rind” in this
gossypiboma might result from a gradual calcium deposition
along the fiber network of the surgical swab. A simple
experiment was performed for correlation. We soaked a
piece of surgical swab with radiopaque marker in diluted
barium. After drying the swab and wrapping it into a mass,
we scanned it with CT. CT revealed a reticulate rind pattern
(Figures 2 and 3), similar to that of the “calcified reticulate
rind” of the gossypiboma noted in our case.
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Figure 1 A round mass in pelvis with rim calcification on the abdominal plain
radiograph.

Figure 2 A cystic lesion in pelvic cavity with a thick “calcified reticulate rind”
demonstrated by pre-enhanced CT scan.
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granuloma, and the other is an exudative reaction leading
to cyst or abscess formation[8].
The most impressive imaging finding of gossypibomas
is the curved or banded radiopaque lines on plain radiograph
or CT, which represent the radiopaque markers of the
surgical swabs. However, calcification depositions over the
surgical gauze may mask the characteristic radiopaque
markers, and some surgical swabs used long time ago may
not have radiopaque markers. Hence, such radiographic
finding may not be seen in every gossypiboma. On CT, a
gossypiboma may manifest as a cystic lesion with internal
spongifor m appearance with mottled gas bubbles,
hyperdense capsule, concentric layering, or mottled mural
calcifications[4,9-12]. In a series of 13 cases of gossypiboma
found 3 mo to 8 years after surgery, Lars Kopka et al.[2]
suggested that the spongiform pattern with entrapped gas
bubbles is the most specific CT finding for gossypibomas
with an incidence of 54%. They also found that gas
bubbles within a gossypiboma decrease slowly with time
in an experiment. On MRI, gossypibomas may appear as
a low-signal-intensity lesion on T2-weighed images with
wavy, striped or spotted appearances[13-15].
In our case, the gossypiboma might be due to the
retention of the gauze during appendectomy 20 years ago.
We could not find the conventional characteristic imaging
findings of gossypibomas, such as the radiopaque markers
and the spongiform pattern with entrapped air bubbles.
The plausible explanations are that most surgical swabs at
that moment usually contain no radiopaque markers while
the air bubbles are completely absorbed after such a long
duration of 20 years. Instead, this unique case demonstrated
a novel imaging feature of gossypiboma, so-called the
“calcified reticulate rind” sign which is probably formed by
gradual deposition of calcifications along the fiber network
of the surgical gauze. To our knowledge, this CT feature
of gossypiboma has not been previously reported.
In summary, this report documents a unique case of
gossypiboma that exhibits a “calcified reticulate rind” , a
characteristic feature of gossypiboma.
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Abstract
AIM: To investigate the effects of troglitazone (TGZ), an
anti-diabetic drug which activates peroxisome proliferatoractivated receptor- (PPAR-), for liver tissue repair, and
the development of ductular reaction, following common
bile duct ligation (BDL) in rats.
METHODS: Rats were supplemented with TGZ (0.2% w/w
in the pelleted food) for 1 wk before BDL or sham operation.
Animals were killed at 1, 2, or 4 wk after surgery.
RESULTS: The development of liver fibrosis was reduced
in rats receiving TGZ, as indicated by significant decreases
of procollagen type I gene expression and liver hydroxyproline levels. Accumulation of -smooth-muscle actin
(SMA)-expressing cells surrounding newly formed bile
ducts following BDL, as well as total hepatic levels of
SMA were partially inhibited by TGZ treatment, indicating
the presence of a reduced number and/or activation of
hepatic stellate cells (HSC) and myofibroblasts. Development
of the ductular reaction was inhibited by TGZ, as indicated
by histochemical evaluation and hepatic activity of -glutamyltransferase (GGT).
CONCLUSION: Treatment with thiazolidinedione reduces
ductular proliferation and fibrosis in a model of chronic
cholestasis, and suggests that limiting cholangiocyte
proliferation may contribute to the lower development of
scarring in this system.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Cholangiocytes; Ductular reaction; PPAR-;
Hepatic stellate cells; Myofibroblasts; Troglitazone
Marra F, DeFranco R, Robino G, Novo E, Efsen E, Pastacaldi
S, Zamara E, Vercelli A, Lottini B, Spirli C, Strazzabosco M,
Pinzani M, Parola M. Thiazolidinedione treatment inhibits bile
duct proliferation and fibrosis in a rat model of chronic
cholestasis. World J Gastroenterol 2005; 11(32): 4931-4938

http://www.wjgnet.com/1007-9327/11/4931.asp

INTRODUCTION
A number of conditions characterized by chronic liver
damage are associated with the development of liver fibrosis,
ultimately leading to cirrhosis and functional alterations[1].
Although fibrotic progression represents the final outcome
of the liver ‘wound healing’ response in several conditions
of chronic injury, different types of fibrosis show relatively
unique features. Biliary fibroses, such as the one observed
in conditions of chronic obstruction of the biliary tree, are
characterized by the accumulation of extracellular matrix at
portal tracts, surrounding newly formed bile ducts emerging
during the course of the so-called ‘typical’ ductular reaction
and originated from proliferation of pre-existing bile duct
epithelial cells[2,3]. If the obstruction persists, fibrosis bridging
different portal tracts develops, ultimately leading to biliary
cirrhosis. Common bile duct ligation (BDL) and scission in
rats represents a classical experimental model for the analysis
of the events leading the initial injury of the bile ducts to
the organization of a fibrotic reaction, which involves
different matrix-producing cells of mesenchymal origin,
including -smooth muscle actin (SMA)-positive portal
myofibroblasts and activated hepatic stellate cells (HSC)[2,4-6].
This model has been widely used to investigate the molecular
and cellular mechanisms of liver fibrosis and to assess
potential treatments for this disorder. In addition, due to
the close anatomical and functional contacts between
cholangiocytes and matrix-producing cells, the BDL
model represents an optimal tool for the study of epithelialmesenchymal interactions.
Peroxisome proliferator-activated receptors (PPARs)
belong to the nuclear hormone receptor superfamily[7]. All
these molecules share the ability to function as transcription
factors by binding to target DNA elements, and change
their transcriptional activity after binding to specific ligands.
Three different PPAR isoforms have been cloned and
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characterized. PPAR- binds to fatty acids and fibrates and
is known to induce transcription of genes involved in and -oxidation of fatty acids[7]. PPAR- (or -) is expressed
ubiquitously, and could be involved in fatty acid and lipid
metabolism [8] . Finally, the ligands for PPAR- include
anti-diabetic drugs of the thiazolidinedione group and
arachidonic acid metabolites, such as prostaglandins of the
D series and its derivatives such as 15deoxy-△12,14PGJ 2.
PPAR- is expressed at high levels in the adipose tissue,
where it regulates lipid storage and modulates the action of
insulin[9-11].
Agonists of PPAR- have been shown to regulate
multiple and critical functions in diverse pathophysiologic
conditions, including type 2 diabetes and the metabolic
syndrome, cancer, and inflammation [12]. In the liver,
considerable attention has been directed to the modulation
of the development of fibrosis through actions on HSC
and liver myofibroblasts[13-15]. In this study, we investigated
the effects of treatment with troglitazone (TGZ), the
first thiazolidinedione introduced in clinical practice, on
the development of ductular reaction and fibrosis in the
BDL model. The results indicate that TGZ not only
limits extracellular matrix deposition and HSC activation,
but also inhibits the formation of newly formed bile
ducts, thus acting on both epithelial and mesenchymal
cells involved in the response to this type of chronic
liver injury.

MATERIALS AND METHODS
In vivo model
Male Wistar rats (Harlan-Nossan, Correnzana, Italy), weighing
180-200 g, were used according to the national and local
ethical guidelines. For experimental purposes, animals were
divided into two experimental groups and fed for 2 wk
either with a standard pelleted diet (rat diet No. 48, Piccioni,
Gessate Milanese, Italy) and water ad libitum (control diet)
or with the same pelleted diet containing 0.2% (w/w)
troglitazone (TGZ diet), according to previously described
procedures[16,17] . In the animals from both experimental
groups, permanent extrahepatic cholestasis was induced by
common BDL and scission under light ether anesthesia as
previously described[18,19]. Animals receiving sham operation
were subjected only to the manipulation of the common
bile duct, and served as controls. After BDL or sham
operation, the animals continued to receive the same diet
according to the following experimental groups: (1) Sham
(control, receiving normal diet), (2) TGZ (sham, receiving
TGZ-supplemented diet), (3) BDL (operated, receiving
normal diet), and (4) BDL/TGZ (operated, receiving TGZsupplemented diet). The amount of consumed food in each
experimental group was recorded throughout the study. The
animals were then killed after 1, 2, and 4 wk of surgery
(n = 6-8 animals for each experimental group at any time
point). The liver was promptly removed, and portions of
the organ were either immediately used or frozen in liquid
nitrogen and stored at -80 ℃ for further determinations or
processed for histological and histochemical examination.
Blood samples were also collected from individual animals
before they were killed.
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Serum and liver biochemistry
Serum activities of glutamic oxalacetic transaminase
(GOT) and alkaline phosphatase (AP) were determined
using a commercial kit (Sigma Diagnostics, Sigma, Milan,
Italy). L-Hydroxyproline concentration in liver samples
was determined according to standard procedures [20].
-Glutamyltransferase (GGT) activity was evaluated on
diluted liver homogenate samples using a modified standard
procedure[21] as previously described[22].
RNase protection assay
Total RNA was isolated from frozen liver tissues using
Nucleospin columns (Mackerey-Nagel, Dürer, Germany).
Integrity of RNA was checked by agarose electrophoresis.
32
P-labeled cRNA probes were transcribed from templates
encoding for rat 1(I) procollagen (kindly provided by Dr.
Jackie J. Maher, University of California at San Francisco)
and housekeeping gene 36B4. After hybridization, protected
fragments were separated on a sequencing gel and
autoradiographed. All procedures for probe labeling,
hybridization, and digestion have been described in detail
elsewhere[23].
Western blotting
Liver tissue was homogenized in an Ultra-Turrax homogenizer
in RIPA buffer containing 1% Nonidet P40 and protease
inhibitors. Insoluble proteins were discarded by high-speed
centrifugation at 4 ℃. The protein concentration in the
supernatant was measured using a commercially available
kit (Pierce, Rockford, IL, USA). Fifty micrograms of protein
was separated by 10% SDS-PAGE, and electroblotted on a
PVDF membrane. After transfer, the membrane was stained
with a Ponceau red solution (Sigma) to ensure an equal
protein loading. The staining was then removed by washing
in PBS-Tween and the membrane was blocked with 3%
BSA in PBS-Tween overnight. After an additional washing,
the blots were sequentially incubated with monoclonal
anti--SMA antibodies and anti-mouse horseradish
peroxidase-conjugated antibodies. Detection was performed
by chemiluminescence, according to the manufacturer’s
protocol (Amersham, Arlington Heights, IL, USA).
Immunohistochemistry
Experiments were conducted on frozen sections as described
in detail elsewhere[24]. Dried sections were sequentially
incubated with the primary antibody followed by affinitypurified rabbit anti-mouse antibodies after washing. At the
end of incubation, sections were washed twice in TBS,
incubated with APAAP and developed. Negative controls
were treated with omission of the primary antibody or its
substitution with non-immune rabbit immunoglobulins.
Histology and histochemistry
Frozen liver specimens or specimens fixed in 4% formaldehyde
in phosphate buffer (pH 7.2) and embedded in paraffin
were used for morphological analysis. Standard liver sections
(4-6-m thick) embedded in paraffin were stained with
hematoxylin and eosin. Biliary epithelial cells of the newly
formed ductular structures were identified by histochemical
staining for GGT activity as previously described[18].
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RESULTS
In vivo administration of TGZ-supplemented diet to control
animals (TGZ group) did not significantly affect either the
liver morphology or the serum chemistry (Table 1 and

A

Figures 1A and B). Following BDL, an increase in serum
transaminase and AP was observed in all animals (BDL
group, Table 1).
Comparison of the BDL and BDL/TG groups showed

B

Sham

C

D

E

F

G

H

I

J

2 wk BDL

No supplement
Figure 1 Effects of oral supplementation with TGZ on liver pathology in control
rats (A and B) and bile duct-ligated rats (C-J). Animals received sham operation

4 wk BDL

TGZ
(A and B) or were subjected to BDL for 2 wk (C-F) or for 4 wk (G-J).
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no significant differences in serum enzyme levels or in liver
weight, while body weight was significantly lower in BDL
animals (Table 1). No difference in food consumption was
found between the two groups undergoing BDL. Histological
examination of rats undergoing BDL revealed bile duct
proliferation in the portal tract (Figure 1), already evident
after 1 wk and progressively worsening thereafter. This
‘typical’ ductular reaction was associated with progressive
deposition of extracellular matrix surrounding the newly
formed bile ducts. After 4 wk, alteration of liver structure
was evident, with bridging fibrosis encircling most of the
newly formed bile ducts. These histological alterations were
considerably less evident in the group of BDL/TGZ rats
(Figure 1). Thus, at 2 wk, only moderate fibrosis was present,
and the area occupied by proliferating bile ducts was more
limited than in rats not undergoing TGZ supplementation
(Figures 1C-F). Similarly, after 4 wk, less fibrosis and a
more limited disarray of liver structure were observed in
BDL/TGZ animals (Figures 1G-J).
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including proliferation and migration. We analyzed the
expression of SMA as an index of the number and activation
state of HSC and other fibrogenic mesenchymal cells in
the different groups of animals.
Immunohistochemical analysis showed that there was a
progressive accumulation of SMA-expressing cells around
the expanded portal tracts, in close proximity to bile duct
epithelial cells of the ductular reaction. At 4 wk after BDL,
SMA-positive cells occupied a significant portion of the
hepatic lobule, being a part of the porto-portal septae (Figure 4).
This picture was clearly modified in BDL/TGZ rats, where
a less marked abundance of cells expressing SMA was present.
To substantiate and quantify the inhibitory effect of TGZ
on activated matrix-producing cells, SMA expression in
the whole liver was analyzed by Western blotting. The
progressive increase in SMA expression observed in the
BDL group (up to fivefold at 4 wk) was markedly reduced
by TGZ treatment (Figure 5). Taken together, these data
indicate that TGZ treatment was associated with a reduction
in the number of matrix-producing cells accumulated in
close contact with cells of the ductular reaction.

Table 1 Serum biochemical parameters, body, and liver weight in
the different experimental groups (mean±SD)
Sham

TGZ

BDL

BDL/TGZ

35±5

22±2

90±19b

81±7b

23±7

21±5

102±34b

75±12b

1 wk

83±5

76±12

176±19b

168±22b

4 wk

88±7

82±9

137±14b

142±27b

Sham

TGZ

BDL

BDL/TGZ
Procollagen I

ALT (U/L)
1 wk
4 wk
ALP (U/L)

Body weight (g)
Liver weight (g)

1 wk

GAPDH
Procollagen I

332±7
9.7±0.6

319±9
9.9±0.7

b

293±5
24.4±2.2b

2 wk
GAPDH

a

337±12
20.2±1.9b

Procollagen I
4 wk
GAPDH

a

P<0.05 vs BDL, bP<0.01 vs Sham.

1

3

4

5

6

7

8

Figure 2 Effects of TGZ on type I procollagen expression in bile duct-ligated rats.

mg L-OH-proline/g liver

To establish whether these morphologic changes were
associated with reduced fibrogenesis, gene expression levels
of procollagen I were measured at different time points.
In all animals undergoing BDL, a marked increase in
procollagen I gene expression was observed, as indicated
by RNase protection assay (Figure 2). In BDL/TGZ rats,
the increase in procollagen expression was less marked at
1st and 2 nd wk after surgery (Figure 2). Interestingly, the
inhibitory effects on procollagen type I expression were no
longer evident 4 wk after BDL. We next evaluated whether
reduced fibrosis and procollagen expression were associated
with modified collagen levels, by measuring hepatic
hydroxyproline levels. As expected, a progressive increase
in hepatic hydroxyproline was evident in animals undergoing
BDL, with a peak at 4 wk, when mean values were
approximately five times higher than in controls (Figure 3).
Administration of TGZ resulted in a marked inhibition of
hydroxyproline accumulation after BDL. At 4 wk, hepatic
hydroxyproline levels were inhibited more than 50% in
BDL/TGZ rats, being comparable to those measured after
2 wk in BDL animals not receiving the drug. These data
indicate that TGZ could effectively reduce hepatic fibrosis
caused by BDL.
In vitro studies indicated that thiazolidinediones could
inhibit HSC activation and related phenotypic responses,

2

12

Sham

10

TGZ

8

a

BDL
BDL/TGZ

6

c

a
c

4
2
0

1

2
Time (wk)

4

Figure 3 TGZ inhibits collagen accumulation in bile duct-ligated rats in different
experimental groups. aP<0.05 vs Sham, cP<0.05 vs BDL.

Morphological analysis of tissue samples from BDL/TGZ
animals suggested a reduction of the extent of the ductular
reaction in this group. We estimated the number of bile
duct epithelial cells in the different groups of animals
by performing a histochemical staining for GGT, which
allowed to identify this cell type (Figure 6). In BDL rats, a
progressive accumulation of newly formed bile ducts was
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A

B

C

D

experimental groups. A: Sham; B: TGZ; C: BDL; D: BDL/TGZ.

evident, reaching a maximum after 4 wk. At all time points
after BDL, TGZ treatment reduced the number of GGTexpressing cells, indicating a marked inhibition on the
development of the ductular reaction (Figure 6). To quantify
this effect, the enzymatic GGT activity was measured in
total liver tissue lysates obtained from control and BDL
rats (Figure 7). We observed a progressive increase in GGT
activity in the BDL group, which was in parallel to the
accumulation of newly formed bile ducts. A significant
reduction of GGT activity was present in rats treated with
TGZ at 2nd and 4th wk after BDL, confirming the inhibitory
action shown by histochemical analysis. Thus, treatment with
TGZ was also associated with a reduction in the severity of
the ductular reaction caused by BDL.

typical ductular reaction[3], associated with progressive
accumulation of extracellular matrix, starting from the portal
tracts and extending to the other areas of the lobule. This
model is characterized by low-grade inflammation, activation
of HSC and other mesenchymal cells, including portal
myofibroblasts participating in the deposition of extracellular
matrix components and contributing to the development
of fibrosis [5,6,26]. In this study, we have provided evidence
that TGZ, which activates the nuclear hormone receptor
PPAR-, reduces the development of fibrosis and the extent
of bile duct proliferation following BDL in rats. In the past
3 years, the potential role of PPAR- agonists as negative
modulators of liver fibrosis has received considerable
attention. We and others have shown that thiazolidinediones
and 15deoxy-△12,14PGJ 2 inhibit HSC activation and
downregulate several biologic actions of activated HSC,
which are important for liver wound healing and fibrogenesis,
including cell proliferation, migration, extracellular matrix
synthesis, and expression of chemokines[13-15]. 15deoxy-△
12,14
PGJ 2 also induces apoptosis and reduces matrix

DISCUSSION
Biliary fibrosis is a reproducible and reliable model for the
study of experimental liver fibrogenesis[25]. Long-standing
cholestasis leads to an ordered bile duct proliferation, or

Cnt

Tg

BDL

BDL+Tg

1 wk
2 wk
4 wk
1

2

3

4

5

6

7

8

Figure 5 Effects of TGZ on SMA expression in rats undergoing BDL. aP<0.05

alpha-SMA expression (AU)

Figure 4 TGZ reduces accumulation of SMA-positive cells after BDL in different

120
100
80

Sham
a

TGZ
BDL
BDL/TGZ

a

60
c

40
20
0
1

vs Sham, cP<0.05 vs BDL.

2
Time (wk)

4
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A

B

C

D

E

F

G

H

GT (U/g of liver)

Figure 6 Development of ductular reaction is inhibited in bile duct ligated and
TGZ-treated rats in different experimental groups. (A: Sham; B: TGZ; C, E and

2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

a

Control
TGZ

c
a
c

Sham

2 wk

4 wk

Figure 7 Effects of TGZ on liver GGT activity in bile duct-ligated rats. aP<0.05
vs Sham, cP<0.05 vs BDL.

expression in cultured liver myofibroblasts, which contribute
to extracellular matrix production during injury, although
this effect seems to be mediated by PPAR--independent
mechanisms[27]. These mechanisms highlighted in in vitro
studies are likely to contribute to the observed inhibition
of the development of liver fibrosis in this in vivo model.
Moreover, data from the present study are in agreement
with recently reported findings, demonstrating that other
thiazolidinediones inhibit collagen deposition in several
models of chronic liver damage, including chronic intoxication
with carbon tetrachloride or dimethylnitrosamine, or BDL[28,29].
In our study, collagen accumulation was evaluated using
liver hydroxyproline content, which is considered as the ‘gold
standard’ for measuring matrix deposition. We used TGZ,
the prototype of thiazolidinediones, as a PPAR- agonist.
Although TGZ has been withdrawn from the marked increase
because of its severe hepatotoxicity[30], it is still currently
used in animal models or in cell culture systems, to establish
a ‘proof of concept’ that may be expanded to other drugs
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G: BDL; D, F, and H: BDL/TGZ) for different periods of time (C and D: 1 wk; E
and F: 2 wk; A, B, G, and H: 4 wk).

of the same class, such as rosiglitazone or pioglitazone[31,32].
Thiazolidinediones also exert a protective role in other
conditions of liver injury, as indicated by the recent findings,
showing amelioration of ethanol- or diet-induced liver injury
by pioglitazone[33-35].
The most novel and relevant finding of the present work
is the observation that treatment with TGZ inhibits bile
duct proliferation or typical ductular reaction in this model
and in some cases of chronic cholestasis in humans. At the
level of portal tract, newly formed bile ducts progressively
invade the other parts of the lobule and are surrounded by
fibrous tissue. TGZ reduces formation of bile ducts as
indicated by histochemical analysis of GGT that is known
to be selectively expressed by bile duct cells[36]. In addition,
analysis of the enzymatic activity of GGT in total tissue
homogenates has confirmed that this observation is not
due to focal changes, but is the result of a general inhibitory
action exerted by thiazolidinedione. The reported inhibitory
effect on bile duct proliferation is indirectly in agreement
with the report of Han et al.[37]. Although these data may
not be directly extrapolated to normal cells, they are
consistent with the involvement of the PPAR- system in
growth control of cholangiocytes. Further studies are needed
to establish if the molecular mechanisms mediating the
effects of TGZ on cholangiocarcinoma cells, such as
elevated expression of p53, also operate in non-transformed
cholangiocytes.
The intriguing findings on bile duct proliferation provide
further insight on the mechanisms of reduced fibrogenesis
and epithelial-mesenchymal interactions in this model. Bile
duct epithelial cells express soluble mediators affecting the
biology of matrix-producing cells. We have previously
reported that in the BDL model, cholangiocytes express
platelet-derived growth factor (PDGF) [19], which may
contribute to local accumulation of matrix-producing cells
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in proximity to newly formed bile ducts, as the result of
chemotaxis and proliferation[26,38-40]. There is evidence that
PDGF stimulates the conversion of peri-biliary cells to
matrix-producing myofibroblasts, and that an inhibitor of
PDGF receptor’s tyrosine kinase activity reduces fibrosis
in BDL rats[6]. In addition, bile duct segments isolated from
cholestatic rats exert a potent chemotactic action on
HSC [38] . Along these lines, secretion of endothelin-1 by
cholangiocytes may induce proliferation and contraction of
HSC, and inhibition of endothelin’s activity is associated
with reversal of fibrosis following BDL[41-43]. Chemokines
produced by cholangiocytes, such as monocyte chemoattractant
protein-1 and interleukin-8 [44] are responsible for the
recruitment of inflammatory cells that may amplify the
fibrogenic stimulus through secretion of additional
mediators. Moreover, monocyte chemoattractant protein-1
is chemotactic for activated HSC, providing an additional
mechanism leading to local accumulation of fibrogenic
cells [45]. On the other hand, it is also possible that the
inhibitory effects of TGZ on HSC and myofibroblasts lead
to reduced secretion of mitogenic factors for cholangiocytes.
Indeed, liver pro-fibrogenic cells have been shown to secrete
cytokines such as interleukin-6 and hepatocyte growth factor
modulating cholangiocyte survival and growth[46,47]. Thus, a
bi-directional modulation of the biology of epithelial and
mesenchymal cells by soluble factors is likely to occur in
this model system.
In conclusion, TGZ can affect not only the development
of fibrosis through direct action on matrix-producing
cells, but also may modulate the epithelial-mesenchymal
interactions characterizing chronic obstructive cholestasis.
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Abstract
AIM: To investigate the expressions of MUC1 and MUC5AC
in intrahepatic cholangiocarcinoma (ICC). Association of
expressions of mucins MUC1 and MUC5AC with clinical
findings, metastasis, and survival of the liver fluke-associated
ICC patients was determined.
METHODS: The expressions of MUC1 and MUC5AC mucins
were examined by immunohistochemical staining in 87
cases of histologically-proven ICC. The expressions of mucins
in relationship between clinicopathological significance and
prognosis of the patients were evaluated.
RESULTS: Fifty-two patients (60%) exhibited both MUC1 and
MUC5AC expressions, whereas 31% expressed either MUC1
or MUC5AC, and 9% expressed neither. High MUC1
immunoreactivity displayed a significant correlation with tumor
progression as reflected by vascular invasion (P<0.001),
whereas high expression of MUC5AC significantly correlated
with neural invasion (P = 0.022) and advanced ICC stage
(P = 0.008). Patients with high expression of MUC1 had a
significantly shorter survival (P = 0.0002). According to
multivariate analyses, MUC1 reactivity ( P = 0.026),
histological grading and stage of tumor represented the
least probability of survival.
CONCLUSION: MUC1 is overexpressed in liver flukeassociated cholangiocarcinoma and relates to vascular
invasion and poor prognosis, whereas MUC5AC mucin is
neoexpressed and relates to neural invasion and advanced
ICC stage. High MUC1 expression in tumor may be useful
for predicting the poor outcome of ICC patients.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Cholangiocarcinoma (CC), malignancy of bile duct epithelia,
is a relatively rare cancer in Western countries, but it is
found frequently in Southeast Asia, especially in Northeast
Thailand. The cancer is still a challenging public health
problem in the region.
Risk factors for CC in Asia are obviously different from
those in the Western countries, according to epidemiological
and experimental studies. In Western countries, primary
sclerosing cholangitis is the most strong predisposing factor,
with a relative risk of 10-30% to develop CC as compared
to the general population[1,2]. In Asia, the animal studies[3-5]
and epidemiological evidence[6] support the association of
liver fluke infection with the development of cancer in this
region. The different risk factors and etiology of CC among
different geographic regions may lead to different carcinogenesis and pathogenesis of CC in these regions.
Liver fluke (Opisthorchis viverrini) infection is a major risk
in Thai, Laos, and Malaysia, while Clonorchis sinensis infection
is prominent in Japanese, Korean and Vietnamese[7-9]. Liver
flukes chronically habitat in the biliary tree, leading to chronic
inflammation, bile duct proliferation, dysplasia, and eventually,
development of CC. Liver fluke per se, however, is not a
sufficient cause to develop cancer[3]. Potent carcinogens such
as nitrosamine compounds enhance the carcinogenic effect
of flukes[10]. These compounds can be obtained from both
exogenous and endogenous sources[11,12] . The former is
mostly from diet, while the latter is the byproduct of
endogenous nitrosation of nitrogenous compounds, such
as nitric oxides and derivatives.
CC is a slowly-growing tumor and frequently diagnosed,
when the tumor is big enough to obstruct the biliary tract
and produce signs and symptoms. Most of the patients
are thus diagnosed at the late stage of tumor and their
survival is poor, due to the original as well as disseminated
tumors. At present, there is no effective tool or specific
biomarkers that can indicate the early stage and status of
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CC. A specific marker for either early detection or monitoring
of the tumor may significantly improve the prognosis and
therapeutic management of such patients.
Mucins are heavily O-glycosylated proteins, mainly
expressed by ductal and glandular epithelial tissues. To date,
19 human mucin genes have been identified and designated,
according to their distinct structures and functions as
transmembrane mucins or secreted gel-forming mucins.
Mucin genes are expressed in a cell- and tissue-specific
manner, for instances, MUC2 and MUC3 in bowel [13],
MUC5AC and MUC6 in gastric tissue[14].
Vast production of mucus is frequently found in various
carcinomas. The alterations in quantity and quality of mucins
have been demonstrated in cancer tissues, including CC[15-18].
Neoexpressed and overexpressed mucins are of clinical
values as a maker for supportive diagnosis, prognosis or
monitoring therapy[19-21]. In this study, we investigated the
expressions of two aberrant apomucins, namely MUC1 and
MUC5AC in CC tissues obtained from 87 intrahepatic
cholangiocarcinoma (ICC) patients who had an active or past
history of O. viverrini infection. The correlation between mucin
expressions and their malignant potential, clinicopathological
findings, and patient survival was analyzed.

MATERIALS AND METHODS
Tissue samples
Between January 1998 and December 2000, 87 surgically
resected specimens of ICC were selected from the files of
the Liver Fluke and Cholangiocarcinoma Research Center,
Khon Kaen University, Thailand. Informed consent was
obtained from each subject before surgery and the Human
Research Ethics Committee, Khon Kaen University approved
the research protocol (#HE43210).
Of the 87 ICC patients, 67% had a high titer of antibody
against O. viverrini, of which 30% had active infection of
O. viverrini as determined by the presence of parasite eggs in
the bile, the others had a past history of liver fluke infection.
The age, gender, tumor location, histological grading, and
pTNM stage[22] were evaluated by reviewing the medical
charts and pathologic records. Tumor size was evaluated
using the greatest perpendicular diameter of each liver lesion.
Survival of each CC patient was recorded from the date
of surgery to the date of death or to December 31, 2000.
Twenty-three patients were (26.4%) lost to follow-up.
Immunohistochemistry
All specimens were fixed in 10% neutral formalin buffer,
embedded in paraffin, and cut into 4-m-thick sections.
Immunohistochemical staining was performed by an
immunoperoxidase method using a mAb MUC-1-Core
(Clone Ma695, Novocastra Laboratories, Newcastle-UponTyne, UK) or a polyclonal anti-serum MAN-5ACI[23].
Each section was deparaffinized and the endogenous
peroxidase was blocked with 0.3% hydrogen peroxide. The
sections were incubated with 1:100 MUC-1-core protein
antibody, followed by 1:300 biotin-conjugated goat antimouse immunoglobulin (Zymed, San Francisco, CA, USA),
or with 1:1 000 MUC-5ACI antisera followed by 1:300
biotin-conjugated goat anti-rabbit immunoglobulin (Zymed,
San Francisco, CA, USA). The sections were then incubated
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with 1:300 peroxidase-conjugated streptavidin. After being
washed, the sections were reacted with 0.05% 3,3’diaminobenzidine tetrahydrochloride (DAB, Sigma Chemical
Co., St. Louis, MO, USA) and 0.1% H2O2 in 50 mol/L
Tris-HCl pH 7.8. The positive staining was counteracted,
when PBS was applied instead of the primary antibody.
The intensity of mucin expression was semi-quantitatively
classified into four groups, on the basis of the percentage
of positive tumor cells: 0, negative; +1, 1–25%; +2, 2650%; and +3 >50%. For statistical analysis, the 0 and +1
were categorized as low expression, +2 and +3 as high
expression.
Tumor invasion of lymphatic, vascular, or nerve tissues
was identified in both tumorous and non-tumorous liver
tissues. Lymphatic and vascular invasion was so accounted
by the presence of infiltrating cancer cells within the
lymphatic or blood vessels, respectively. Neural invasion
was presented as positive cancer cells in the perineurium
and/or neural fascicle.
Real-time PCR
ICC tissues with either none, low or high expressions of
MUC1 or MUC5AC mucin were analyzed by real-time
PCR. Total RNA was extracted from the CC tissues, using
the standard acid guanidinium thiocyanate-phenol-chloroform
protocol. RT-PCR was done using TaqMan Gold RT-PCR
Kit in a two-step reaction. The reverse transcription step was
performed in 50 L reaction for 1 g total RNA. The reaction
mixture was composed of 5.5 mmol/L MgCl2, 500 umol/L
of each dNTP, 2.5 mol/L random hexamers, 20 U RNase
inhibitor and 62.5 U of MultiScribe reverse transcriptase
in regular strength TaqMan RT Buffer. Incubation was at
25 ℃ for 10 min, at 48 ℃ for 30 min and at 95 ℃ for 5 min.
The cDNA was stored in solution at -20 ℃ until use.
Primers and probes were originally designed by Primer
Express software. The DNA and cDNA sequences were
obtained from the GenBank database. The sequence of
the primers and TaqMan probes for MUC1 and MUC5AC
are presented in Table 1. The real-time PCR step was done
using an ABI7700 machine (Applied Biosystems) in a 25 L
reaction using the TaqMan Gold RT-PCR Kit (GAPDH
was used as the internal control). Each reaction mixture was
composed of 25 ng cDNA, 5.5 mmol/L MgCl2, 200 umol/L
of dGTP, dATP, dCTP, and 400 umol/L dUTP, 100 nmol/L
of the TaqMan probe, 200 nmol/L of each primer, 0.25 U
of AmpErase enzyme and 0.625 U of AmpliTaq Gold
DNA polymerase enzyme in regular strength TaqMan
Buffer A. The reaction mixture was incubated at 50 ℃
for 2 min and at 95 ℃ for 10 min before the PCR step.
The PCR cycle was performed at 95 ℃ for 15 s at 60 ℃
for 15 s and at 72 ℃ for 30 s. The total number of cycles
for GAPDH and MUC1 mucin was 40 and 50 for MUC5AC.
The comparative temperature was determined by the PCR
machine and Sequence Detector 1.7 program.
Statistical analysis
Statistical analyses for comparisons between clinicopathologic
findings, survival and MUC1 or MUC5AC expression were
performed using SPSS software (Chicago, IL, USA).
Association among a variety of variables, including age,
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Table 1 Sequences of primers and TaqMan® probe for MUC1 and MUC5AC apomucins
Mucin

Primer or probe

Sequence

MUC1

Forward
Reverse

GCTATGTGCCCCCTAGCAGTAC
AGGCTGCTGCCACCGTTA

Product size

Probe

TCGTAGCCCCTATGAGAAGGTTTCTGCAG

MUC5AC

Forward

CCCCAACATCAGGAACAGCTT

Reverse
Probe

GAGTAGTAGGTTCCCGGCTTCA
AGCGTGGAGAATGAGAAGTATGCTCAGCAC

73

147

Table 2 Expression of MUC1 and MUC5AC apomucins, demographic data, cancer histopathology, and clinical staging of ICC patients
Variables

n (87)

%

42

48.3

Age (yr)

≤56
>56

45

51.7

Sex

Male

59

67.8

Tumor staging

Female
I–III

28
14

32.2
16.1

IVA

16

18.4

IVB

57

65.5

Papillary
Well-differentiated

20
26

22.9
29.8

Moderately differentiated

11

12.6

Poorly differentiated

20

22.9

Tumor size

Unclassified
≤5 cm

10
24

11.5
27.6

>5 cm

63

72.4

Vascular invasion

No

30

34.5

Neural invasion

Yes
No

57
46

65.5
52.9

Yes

41

47.1

Lymphatic invasion

No

23

26.4

Mucin expression

Yes
MUC1 and MUC5AC

64
52

73.6
59.7

MUC1 only

15

17.3

MUC5AC only

12

13.8

MUC1 expression

None
Low (0, 1+)

8
53

9.2
60.9

High (2+, 3+)

34

39.1

MUC5AC expression

Low (0, 1+)

41

47.1

High (2+, 3+)

46

52.8

Histological grading

gender, tumor histology, tumor stage, tumor size, and
invasion, was evaluated using the 2 test for heterogeneity
or the Fisher’s exact test. Multivariate analyses for variables
influenced by the presence of MUC1 and MUC5AC mucins
in the bile duct epithelium were carried out using a logistic
regression model.
Patient survival was calculated from the time of resection
to either death or the last follow-up. The Kaplan-Meier
analysis was used to assess the relation of disease-free
survival to the expression of mucins using the log-rank
test. Several prognostic factors were evaluated for their
association with the overall and disease-free survival in a
multivariate analysis using Cox’s regression model. P<0.05
was considered statistically significant.

RESULTS
Patient characteristics
Of the 87 ICC patients explored, 59 were male and 28 were
female with male to female ratio = 2:1. The mean age was
56.7±8.6 years (range, 36-73 years). Most of the patients

were at advance ICC stage, with 73% lymphatic, 65%
vascular, and 47% neural invasion. Thirty percent of the
tumors had well-differentiated histopathological grading and
10 specimens (11%) could not be classified. The majority
of patients (70%) possessed a tumor size >5 cm (Table 2).
Real-time PCR and immunohistochemistry of MUC1 and
MUC5AC expressions
Alteration in glycosylation of mucin epitopes is frequent in
carcinomas and this alters the assessment of mucins by a
particular antibody[24,25]. Therefore, immunohistochemical
studies using different antibodies against a particular mucin
have produced conflicting and inconclusive results[26,27]. To
exclude ambiguity, a semi-quantitative analysis of MUC1 and
MUC5AC mucins using antibodies in the immunohistochemical
staining study was checked first for their reliabilities with
the mRNA transcripts obtained by real-time PCR.
The semi-quantitative immunohistochemistry of ICC
tissues with none, low or high expressions of MUC1 or
MUC5AC mucin using the antibodies selected in this study
corresponded to the quantitative analyses of MUC1 and
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MUC5AC mucin transcripts by real-time PCR. MUC1 and
MUC5AC transcripts were not detectable in the tumor tissues
with negative immunohistochemistry for either MUC1 or
MUC5AC mucin. The levels of MUC1 and MUC5AC
transcripts matched well with those of immunohistochemistry.
The immunohistochemistry demonstrated that MUC1
and MUC5AC mucins were frequently expressed in ICC
(Table 2). Fifty-two patients (60%) exhibited both MUC1
and MUC5AC expressions, whereas 31% expressed either
MUC1 or MUC5AC, and only 9% expressed neither. The
frequency of MUC1 and MUC5AC expressions in ICC
was not significantly different.
Expression of MUC1 and clinicopathological findings
MUC1 was expressed on the luminal surface, cell membrane
and cytoplasm of cholangiocarcinoma cells (Figure 1A).
Expression of MUC1 was observed in 77% (67/87) of ICC
patients, 39.1% (34/87) of the patients had high expression.
Increased expression of MUC1 did not show a preference
to any histological subtypes of tumor, tumor size, or tumor
stage (Table 3). However, statistical analysis showed that
high expression of MUC1 significantly correlated with poor
prognosis. There was a positive correlation between MUC1
expression and vascular invasion (P<0.001, Figure 1B).
Expression of MUC5AC and clinicopathological findings
The site of MUC5AC expression was mainly in the cytoplasm
and luminal mucin (Figure 1C). MUC5AC mucin was
frequently detected in 73% (64/87) ICC tissues, 52.8%
(46/87) of which were highly expressed.
Increased expression of MUC5AC showed a preference
to advanced stage of the tumor (P = 0.008) but not to
histological grading, tumor size, or tumor stage (Table 3).
Tumor invasion of neighboring vascular, lymphatic and
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neural tissues was common in ICC patients with MUC5AC
expression. However, only neural invasion significantly
correlated with high MUC5AC expression (P = 0.022,
Figure 1D).
Expressions of MUC1 and MUC5AC mucins and cumulative
survival
The median length of survival for patients with low MUC1
expression was 294 d (95%CI, 214-507 d) whereas it was
151 d (95%CI, 90-202 d) for patients with high MUC1
expression. The survival rate of patients with high MUC1
expression was significantly lower than that of patients with
low MUC1 expression (P = 0.0002, log-rank test, Figure 2A).
The median length of survival for patients with low
MUC5AC expression was 256 d (95%CI, 169-430 d)
whereas it was 195 d (95%CI, 138-285 d) for patients with
high MUC5AC expression. The ICC patients with high
MUC5AC expression had a shorter survival than those with
low MUC5AC expression, but without statistical significance
(Figure 2B). There was no significant difference in survival
between ICC patients with either MUC1 expression or
MUC5AC expression and those with expressions of both
MUC1 and MUC5AC.
The multivariate Cox’s regression model showed that
MUC1 (but not MUC5AC) expression (P = 0.026), histological
grading (P<0.05), and tumor stage (P<0.05) statistically
correlated with patient survival independent of age and
gender (Table 4).

DISCUSSION
Alterations of epithelial mucin expression have been
described in different malignant localizations. Varying
degrees of glycosylation of MUC1 mucin between normal

A

B

C

D

Figure 1 Staining patterns of MUC1 and MUC5AC core proteins. A and C:
Immunohistochemical staining of MUC1 and MUC5AC apomucins expressed
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in tumor tissues, respectively. B and D: MUC1 and MUC5AC staining of
vascular and neural-invaded tumor cells.
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Table 3 Expressions of MUC1 and MUC5AC apomucins in ICC in relation to patients’ cancer histopathology and clinical staging
Variables

MUC1
High

Age (yr)

53

34

≤56
>56

26
27

17
17

Gender

53

34

Male

34

24

19
43

10
24

Papillary

13

7

Well-diff.

18
5
7
51

31

15

9

>5 cm
Staging

36
50

22
32

I-III

8

5

Female
Histological grading

Moderately diff.
Poorly diff.
Tumor size
≤5 cm

IVA
IVB
Vascular invasion
No
Yes
Lymphatic invasion
No
Yes
Neural invasion
No
Yes

MUC5AC

P

Low

P

Low

High

41

46

15
26

27
19

41

46

32

26

9
34

20
33

11

9

8

9

17

6
3

6
8

5
2

38

44

13

11

25
39

33
43

6

7

0.894

0.698

0.575

0.964

0.940

6

5

10

1

36
53

22
34

23
41

35
46

27

2

17

14

26

30

53
14

34
9

39

25

53

34

30
23

16
18

<0.001

24

32

0.995

41
14

46
9

27

37

0.384

41

46

27
14

19
24

0.065

0.058

0.095

0.502

0.008

0.284

0.124

0.022

diff. = differentiation.

Table 4 Significant prognostic factors for disease-free survival by multivariate analysis
Variables

Crude HR (95%CI)

Adjusted HR (95%CI)

1

1

2.59 (1.54-4.35)

2.19 (1.11-4.32)

Low

1

1

High

MUC1 expression
Low
High
MUC5AC expression

0.026

0.059
1.36 (0.83-2.24)

2.06 (0.96-4.41)

Age (yr)
≤56

1

1

>56

0.86 (0.53-1.42)

1.19 (0.65-2.17)

1
0.63 (0.37-1.09)

1
0.60 (0.31-1.18)

1

1

Well-differentiated
Moderately differentiated

1.86 (0.91-3.83)
3.65 (1.59-8.41)

1.92 (0.82-4.49)
3.00 (1.10-8.20)

Poorly differentiated

1.78 (0.70-4.53)

3.02 (0.97-9.41)

I–III
IVA

1
2.49 (0.81-7.62)

1
5.10 (1.27-20.43)

IVB

3.57 (1.41-9.00)

3.93 (1.47-10.51)

0.571

Gender
Male
Female

0.128

Histological grading
Papillary

P

<0.050

Staging

<0.050

and tumor cells are documented in various cancers. The
carbohydrate side chains of MUC1 from breast adenocarcinomas are shorter and less densely distributed than those
produced by normal breast cells[28-30] , whereas those of
advanced stage or metastatic colorectal carcinomas had a
high level of fully glycosylated mucin[31]. Since different

antibodies may require different carbohydrates for their
actions, the discrepancies in the immunoreactivity may be
obtained, when different mucin antibodies are used[28,29]. In
our study, we have shown that the immunoreactivity obtained
using MUC1 (Ma695) and MUC5AC (MAN-5ACI) antibodies
corresponds to the levels of the mucin transcripts obtained
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MUC5AC
Cumulative survival time

Cumulative survival time

A

CN 14-1219/ R

1.00
0.75

P = 0.2197

0.50
Low
0.25

High

0.00
0

200

400
600
Survival time (d)

800

1 000

Figure 2 Survival curves using Kaplan-Meier method. A: Significant unfavorable
prognosis of tumors with high expression of MUC1 compared to low-expression
carcinoma (P = 0.0002); B: Poor survival of patients with tumors having a high

expression of MUC5AC as opposed to patients having a low-expression
carcinoma.

by real-time PCR, suggesting that these antibodies are
appropriate for semi-quantitative analysis of MUC1 and
MUC5AC expressions in the study of immunohistochemistry.
MUC1 is a transmembrane glycoprotein found frequently
in the developing intrahepatic bile ducts in fetal liver[32] but
not in the normal adult intrahepatic biliary tree[33,34]. Overexpression of MUC1 has been reported continuously in various
cancers including CC[35,36]. Therefore, MUC1 apomucin is
proposed as an oncofetal antigen in the intrahepatic biliary
tree[32]. In contrast, MUC5AC, a gel-forming phenotype of
secretory mucin, is rarely expressed in the intrahepatic biliary
tree[32,35,37], and only aberrantly in CC tissues[38,39].
In the current study, MUC1 and MUC5AC were significantly expressed in ICC patients. These ectopically expressing
mucins showed a significant correlation with poor prognosis.
High MUC1 immunoreactivity was associated with vascular
invasion, whereas high MUC5AC expression was related to
neural invasion. The results suggest that the expression of
these two mucins may be influenced by different modulators
and may acquire different biological pathways and different
clinical courses of ICC.
Association between mucin expression and prognosis of
patient outcome has been repeatedly reported in several
cancers[17,40,41] including CC. Expressions of mucin MUC4
is a statistically significant risk factor, affecting the survival
of patients with ICC[42] . Extensive expression of MUC1
apomucin is an independent risk factor for poor outcome
of patients with ICC[35,36,42] and extrahepatic CC[43] . Our
study on MUC1 expression in ICC agrees well with the
previous reports. However, the association between high
expression of MUC5AC mucin in tumor tissue and
unfavorable survival observed here is not statistically
significant. The result disagrees with our previous finding
that the detection of MUC5AC mucin in the serum of CC
patients[44] correlates with shorter survival outcomes[39]. This
discrepancy may be due to the small number of samples
used in the present study.
The link between MUC1 expression and malignant
progression is significant in three ways. First, MUC1 is
negatively charged and cells expressing high levels may repel
each other[45,46]. Cell repulsion is a pivotal event in metastasis.
Decreased carbohydrate epitope on MUC1 mucin and other
surface molecules markedly increases tumor cells to tumor
cell adhesion and hence reduces the ability of these tumor

cells to adhere to the surrounding endothelium.
Vascular invasion involves the binding to a ligand
(E-selectin) of endothelial cells and epitopes (sialyl Lewisx/a )
on tumor cells[47,48]. The association between high MUC1
expression and vascular invasion found in our study may
indicate the role of MUC1 in tumor adhesion to endothelial
cells. This suggestion is supported by the fact that sialyl
Lewisa, a carbohydrate epitope which is present at high level
in tumor and serum of CC patients, has been identified as
an epitope on MUC1 [49] . In addition, our previous study
indicates that CC patients with positive sialyl Lewis a
expression in tumor tissue have a significantly poorer
prognosis and the expression of sialyl Lewisa is associated
with vascular invasion[50].
Overexpression of MUC1 on the membrane of tumor
cells can suppress the immunity of patients. Tumor cells
with high expression of MUC1 could inhibit the interaction
between cytotoxic lymphocytes and tumor cells[51], and high
levels of MUC1 correlate with immunosuppression in
adenocarcinoma patients[52] . At present, MUC1 mucin is
known to serve as a target molecule for killing particular
cancer cells by cytotoxic T-lymphocytes and as an antigen
for cancer vaccine[53,54]. Attempts to eliminate or control
metastasis of tumor cells via anti-MUC1 and phase I/II
trials of cancer vaccines using antigen MUC1 are now
underway[53].
Perineural invasion is one of the most crucial factors,
which tend to yield the poor outcome after resection for
biliary tract cancer, because cancer cells in the perineural
space often remain on the surgical margin of the tumor
after an assumed curative resection[55,56] . In our study,
MUC5AC was aberrantly expressed in ICC patients,
correlated with neural invasion and advanced stage of tumor,
suggesting that MUC5AC mucin plays a role in the late
stage carcinogenesis and the poor prognosis of ICC patients
is due to neural metastasis.
Even the presently available evidence for the association
between MUC5AC mucin expression and neural invasion
is limited; however, we can postulate the possible role of
MUC5AC mucous layer surrounding the cancer cells in the
invasion of cancer cells in several ways. First, the MUC5AC
mucin layer may shield the tumor cells from immune
recognition by the cellular arm of the immune system, thus
favoring metastasis. Second, a number of tumor cells may
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cluster as tumor emboli within the mucin layer, which may
result in tumor dissemination to distant organ sites. Finally,
specific epitopes of carbohydrate ligand on MUC5AC may
manipulate specific adherence of tumor cells via some
adhesion molecules, e.g., NCAM[57]. Further investigation,
including expression of NCAM in ICC patients with positive
MUC5AC mucin expression and neural invasion is needed.
In summary, high expressions of MUC1 mucin significantly
correlate with poor survival of ICC patients according to
the Kaplan-Meier method. Expression of MUC1 and
MUC5AC mucins is associated with metastasis, and is thus
considered to be a useful prognostic marker for a poor
outcome in ICC patients. We suggest that MUC1 and
MUC5AC mucin immunohistochemistry may augment the
classic histochemistry for diagnosis and prognosis of ICC
as well as prediction of the patient outcome.
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Abstract
AIM: In this study, a hepatocyte-specific targeting technology
was developed by modifying cationic liposomes with soybean
sterylglucoside (SG) and polyethylene glycol (PEG) (C/SG/
PEG-liposomes).
METHODS: The liposomal transfection efficiencies in HepG2
2.2.15 cells were estimated with the use of fluorescein
sodium (FS) as a model drug, by flow cytometry. The
antisense activity of C/SG/PEG-liposomes entrapped
antisense oligonucleotides (ODN) was determined as
HBsAg and HBeAg in HepG 2 2.2.15 cells by ELISA. The
liposome uptake by liver and liver cells in mice was carried
out after intravenous injection of 3H-labeled liposomes.
RESULTS: C/SG-liposomes entrapped FS were effectively
transfected into HepG 2 2.2.15 cells in vitro . C/SG/PEGliposomes entrapped ODN, reduced the secretion of
both HBsAg and HBeAg in HepG 2 2.2.15 cells when
compared to free ODN. After in vivo injection of 3H-labeled
C/SG/PEG-liposomes, higher radiation accumulation was
observed in the hepatocytes than non-parenchymal cells
of the liver.
CONCLUSION: C/SG/PEG-liposomes mediated gene
transfer to the liver is an effective gene-delivery method
for hepatocytes-specific targeting, which appears to have
a potential for gene therapy of HBV infections.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Cationic liposomes have been accepted as effective non-viral
vectors for gene delivery with a lower immunogenicity than
the viral ones. However, the lack of organ or cell specificity
sometimes hampers their applications. In the case of cationic
liposomes, the highest gene expression is observed in the
lung after intravenous injection of their plasmid DNA
complexes in most cases, because the lung capillaries are the
first traps to be encountered[1,2]. Development of cell-specific
targeting technology for cationic liposomes attracts great
interest in gene therapy.
Since the liver is one of most important target organs in
the body, and Kupffer cells in the liver are a part of the reticular
endothelial system (RES), relatively high accumulation of
administered liposomes is observed in the liver, mostly in
non-parenchymal cells[3]. However, preferential incorporation
of liposomes into liver hepatocytes is required for therapeutic
situations. Thus, reducing the Kupffer cell uptake and
enhancing hepatocyte uptake, are challenges of research in
liposome-targeting.
For cell specific delivery, the receptor-mediated endocytosis
systems endowed to various cell types would be useful and
a number of gene delivery systems have been developed to
introduce gene into specific cells with receptor-mediated
endocytosis. Ligands currently being investigated include
galactose[4,5], lactose[6], transferring[7], etc. Among these receptors,
asialoglycoprotein receptor (ASGP-R) is the most promising
for gene targeting, since it exhibits high affinity and a rapid
internalization rate[8].
It was reported that liposomes with soybean sterylglucoside (SG) gets accumulated in the liver, especially in
hepatocytes[9,10]. Doxorubicin (DXR) entrapped in liposomes
contained SG (SG-liposomes) showed a high therapeutic
effect for its selective delivery of drugs to hepatocytes in
animals with liver cancer [11] . SG-liposomes have glucose
residue on the surface of liposomes[12], which is essential
for selective accumulation in liver cells.
Hepatitis B is a disease of global importance with more
than 300 million carriers of the hepatitis B virus (HBV)
worldwide[13] . Unfortunately, treatment of chronic HBV
infection is far from satisfactory. The most successful
therapeutic agent so far available is interferon-alpha, which
shows a 40% response rate for patients after completion of
the therapy[14,15]. Since several viruses have become successful
targets of the ODN approach, this strategy may be promising
in targeting chronic HBV infection, and several studies have
now shown that ODN are capable of suppressing HBV
in vitro[16,17] and in vivo[18,19]. ODN are synthetic single chain
DNA molecules that can inhibit gene expression within cells
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by their capability to bind a complementary mRNA sequence,
and prevent translation of mRNA, thus providing potentially
powerful therapeutic tools against viral diseases and cancer[20].
For an ODN delivery system towards HBV infection, the
SG may be useful for targeting hepatocytes of the liver.
This study describes a specific targeting approach which
results in increased hepatocytes uptake. A cationic liposome
carrier modified with SG and encapsulated 15-mer ODN
for the HBV therapy in vitro was constructed. The influence
of SG on facilitating the uptake of liposomes by hepatocytes
was investigated in vivo. The value of the surface modified
cationic liposomes as a delivery vehicle, mainly for
hepatocytes targeting antisense agent in vitro and in vivo was
assessed.

MATERIALS AND METHODS
Synthesis of ODN
ODN with phosphorothioate backbone encoding the cap
site of SP II promoter transcribed mRNA (cap site/SP II)
sequences were synthesized using standard phosphoramadite
chemistry by Aoke (Beijing, China) and purified by SDSPAGE. The complementary ODN sequences were: 5’ GAT
GAC TGT CTC TTA 3’.
Animals and cell line
Male KM mice (18-23 g) were obtained from the Institute
of Zoology, Chinese Academy of Sciences (Beijing, China).
All animals received good care. A human hepatoblastoma
cell line, HepG2 2.2.15 was provided by the Institute of
Hepatology of the People’s Hospital, Peking University
(Beijing, China).
Materials
N, N-dimethylethylenediamine (99%) and cholesteryl
chloroformate (97%) were obtained from ACROS (USA);
dipalmitoylphosphatidylcholine (DPPC) and polyethylene
glycol-distearoylphosphatidylethanolamine (PEG-DSPE)
were purchased from NOF (Tokyo, Japan); SG was generously
supplied by Ryukakusan Co. Ltd. (Tokyo, Japan); cholesterol
(Ch) was purchased from Wako Pure Chemical Industries
(Tokyo, Japan); 3H-Ch and 125I-ODN was provided by China
Institute of Atomic Energy (Beijing, China). FS was obtained
from the Third Chemical Reagent Factory of Shanghai
(Shanghai, China); DMEM medium and fetal bovine serum
(FBS) was purchased from Life Technologies (NY, USA).
2, 5-Diphenyloxazole (PPO) and 1, 4-bis (5-phenyl-2-oxazolyl)benzene (POPOP) were provided by Fluka (Buchs, Switzerland).
Collagenase (II) was purchased from Sigma (St. Louis, MO,
USA). All other chemicals were of reagent grade.
Synthesis of DC-chol
DC-chol was synthesized according to the method
described by Gao[21]. The production was confirmed by
thin-layer chromatogram (TLC), melting point, 1H nuclear
magnetic resonance (NMR) (500 MHz, CDCl 3), mass
spectrum (MS), etc.
Preparation of liposomes
The FS or ODN encapsulated liposomes used in the present
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study were prepared according to the compositions in Table 1,
respectively. A mixture of lipids in chloroform was dried
under a stream of nitrogen and additionally dried under
vacuum for 3 h to remove all chloroform. The dry lipid
film was resuspended with FS or ODN solution (solution
in 50 g/L glucose) by vortexing and sonicating, and then
extruded through 0.2 m pore size polycarbonate filters to
generate the FS and ODN encapsulated liposomes,
respectively. The concentration of lipids was 20 mol/L.
To prepare lipid-radioactive labeled liposomes, 3H-Ch was
added to the lipid mixture at the beginning of the liposomes
preparation and the dry lipid film was resuspended with
5% glucose. The 3H-labeled C-liposomes and C/SG/PEGliposomes were prepared. The radioactivity of liposomes
was 4 Ci/200 L.
Determination of encapsulation efficacy of liposomes
Free ODN was separated from ODN encapsulated
liposomes by equilibrium dialysis, in a dialysis tubing
(SpectraPor 12 000 to 14 000 MWCO) at 4 ℃ for 12 h in
10 mL of 5% glucose solution. The incubation liquid was
taken and the concentration of ODN was detected by UV
spectro-photometer at 260 nm. Free FS was separated from
encapsulated FS by passing through a Sephadex G-50
column (1 cm×20 cm). The concentration of FS was
determined by measuring the fluorescence intensity of FS
with excitation and emission wavelengths at 490 and
512 nm, respectively. According to the amount of ODN
or FS entrapped in the liposomes, the encapsulation
efficiency was calculated.
Morphology and size analysis
The size of liposomes was determined by dynamic light
scattering using a Zetasier 3 000HS (Malvern Instruments,
Ltd., UK). The morphologies of these liposomes were also
observed by the transmission electron microscope.
Cell culture and transfection efficiency measurement
HepG 2 2.2.15 was maintained in DMEM medium
supplemented with 100 mL/L FBS at 37 ℃ with 50 mL/L
CO2. The cells were scraped by 0.25% trypsin and planted
in 96-well tissue culture plates (5×103/well) for 2 d before
the experiment, until the percentage of adherent cells
reached approximately 70% confluence. The upper medium
was removed and fresh DMEM medium was added with
100 mL/L FS encapsulated liposome. When the liposomes
were incubated with cells for 3, 6, and 24 h, respectively,
the cells were detached with 0.25% trypsin and washed
thrice with 10 mmol/L PBS. The transfection efficiency
was determined by counting the amount of cells transferred
by FS with flow cytometry (BD, USA). The transfection
efficiency was calculated according to the following
equation: amount of FS transferred cells/amount of total
cells×100%. The means of transfection efficiency were
calculated from two independent experiments.
Antisense activity of ODN encapsulated in liposomes
For lipofection, HepG2 2.2.15 cells were seeded at an initial
concentration of 1×10 4 per well for 96-well plates. The
cells were allowed to grow for about 24 h, until the percentage
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of adherent cells reached approximately 80% confluence.
Then the cells were washed extensively to remove the
previously secreted HBsAg and HBeAg in the medium. After
washing, 100 L free ODN or C/SG/PEG-liposomes
entrapped ODN with an ODN concentration at 1.25, 2.5
or 5.0 mol/L, together with 100 L DMEM containing
10% serum, were added. The secretion of HBsAg and
HBeAg into the culture supernatants was measured daily
for 3 d, using ELISA immunoassay kits. The means of
HBsAg and HBeAg immunoassay measurements were
calculated from two independent experiments.
Liver uptake in vivo and scintillation counting
Liposomes labeled with 3H-Ch (C-liposomes and C/SG/
PEG-liposomes) were injected into the tail vein of three
male mice with a dose of 200 L/20 g. At 0.5 and 4 h after
injection, the mice were killed. The liver tissue was collected
and washed with saline. About 100 mg of liver samples
were decolored in a solution, containing 200 L HClO4
and 300 L 60% H2O2. Radiation scintillation fluid was
added and mixed thoroughly. The radioactivity (dpm) of
samples was counted on a scintillation counter (Pharmacia
WALAC 1410, Turku, Finland).
Isolation of liver cells
Mice were injected intravenously by tail vein with 3H-labeled
C-liposomes and C/SG/PEG-liposomes, respectively. At
0.5 and 4 h after administration, the mice were anesthetized,
and the liver was perfused via the portal vein with isotonic
saline to remove the blood. Then the liver was excised,
minced and digested in 0.5 g/L collagenase for 30 min at
37 ℃. The suspended cells were filtered through cotton
mesh sieves, followed by centrifugation at 500 r/min for
3 min. The pellets containing hepatocytes were washed thrice
with saline solution by centrifugation at 500 r/min for
3 min. The supernatant containing non-parenchymal cells
were similarly centrifuged and washed thrice at 1 500 r/min
for 15 min. The radioactivity (dpm) of hepatocytes and
non-parenchymal samples was counted on a scintillation
counter, as described previously.

RESULTS
Characteristics of liposomes
The entrapment efficiencies, size, polydispersity index of
all kinds of FS or ODN encapsulated liposomes are shown
in Table 1. The results indicated that FS could hardly be
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entrapped in the N-liposomes, with an entrapment efficiency
only at 0.64%. By adding DC-chol to the N-liposomes, the
entrapment efficiencies of FS and ODN were increased to
more than 83%, when the charge ratio of anionic FS or
ODN/cationic lipid was 1:1. The C-liposomes, C/SGliposomes and C/SG/PEG-liposomes had small size (155.0,
117.8, and 96.2 nm for FS entrapped in liposomes, 71.0,
75.4, and 183.0 nm for ODN entrapped in liposomes,
respectively). The polydispersity index indicated the
uniformity in size distribution. Transmission electron
micrographs of these liposomes showed spherical vesicles
(data not shown).
Transfection efficiency of liposome in HepG2 2.2.15 cells
Figure 1 showed the transfection of FS entrapped in Nliposomes, C-liposomes and C/SG-liposomes when they
were incubated for 3, 6, and 24 h with HepG2 2.2.15 cells
at 37 ℃, respectively. FS served as a fluorescent marker
because the cell uptake of free FS was almost negligible.
As shown in Figure 1A, the transfection of C-liposomes
entrapped FS was significantly higher than that of Nliposomes, and the transfection of C/SG-liposomes entrapped
FS was the highest. The enhancement of transfection
efficiency was about 7.7-fold for the C/SG-liposomes than
that of C-liposomes when incubated with cells for 6 h. When
different types of liposomes were incubated with HepG2
2.2.15 cells at 37 ℃ for 24 h, the C/SG-liposomes showed
the highest transfection efficiencies, while the C-liposomes
and C/PEG-liposomes did not show significant differences
(Figure 1B).
Effect of cationic liposomes entrapped ODN on HepG2 2.2.15
expression
Figure 2 showed the effect of cellular treatment with free
ODN and C/SG/PEG-liposomes entrapped ODN on the
expression level of HBsAg and HBeAg protein in HepG2
2.2.15 cells. The antisense effect (percent of inhibition on
HBsAg and HBeAg secretion) of free ODN and C/SG/
PEG-liposomes entrapped ODN was affected by the
concentration of ODN and the cultured times. When the
concentration of ODN that was added increased from
1.25 to 5.0 mol/L, the inhibition percentage of HBsAg
by C/SG/PEG-liposomes entrapped ODN increased from
59.15% to 90.37% at 72 h, meanwhile, the inhibition of
HBeAg increased from 42.9% to 73.43%. The inhibition
effects of free ODN on HBsAg and HBeAg were decreased

Table 1 Entrapment efficiencies (EE), mean intensity diameter (D) of vesicle and polydispersity index (PI) of FS entrapped in liposomes and
ODN entrapped in liposomes
Liposome compositions

Entrapment of FS

Entrapment of ODN

Sample
(molar ratio)
N-liposomes

DPPC/Ch (10:10)

C-liposomes

DPPC/Ch/DC-chol (10:1:10)

C/SG-liposomes

DPPC/Ch/DC-chol/SG

C/SG/PEG-liposomes

DPPC/Ch/DC-chol/SG/PEG-

(10:1:10:1.34)
DSPE (10:1:10:1.34:1.34)
1

EE (%)

D (nm)

PI

D (nm)

PI

0.64

-

-

-

-

88.58±4.481

155.0

0.44

91.11±5.112

71.0

1.00

88.46±2.291

117.8

0.31

-

75.4

0.44

83.12±3.631

96.2

0.22

89.54±1.242

183.0

0.35

Values represent as mean ±SD, n = 4. 2Values represent as mean±SD, n = 3.
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Figure 2 Percent of inhibition on HBsAg and HBeAg secretion of free ODN and
C/SG/PEG-liposomes entrapped ODN in HepG2 2.2.15 cells culture medium
incubated at 37 ℃. The ODN concentration was 1.25 (A), 2.5 (B) and 5.0 mol/L(C).

__: free ODN; ---: C/SG/PEG-liposomes encapsulated ODN; : HBsAg;
▲: HBeAg. Experimental values are given as the mean of two independent
experiments.

and the inhibition effects of C/SG/PEG-liposomes entrapped
ODN were increased when incubation time was increased
from 24 to 72 h. The inhibition on HBeAg secretion brought
by free ODN and C/SG/PEG-liposomes entrapped ODN
showed lower tendency compared to the HBsAg. The cells
remained viable throughout the experiments and no
morphological abnormalities were observed.

(total hepatocyte and non-parenchymal cells) was not
significantly different for C-liposomes and C/PEG/SGliposomes. The uptake amounts of liposomes at 0.5 and 4 h
in hepatocytes and non-parenchymal cells are also shown
in Figure 3. After separating liver cells into hepatocytes and
non-parenchymal cells, it was found that the uptake of
C/SG/PEG-liposomes was higher than that of C-liposomes
by hepatocytes at 0.5 h (P<0.01) and the uptake of C/SG/
PEG-liposomes was lower than that of C-liposomes by nonparenchymal cells at 0.5 and 4 h (P<0.01). These results
indicated that the C/SG/PEG-liposomes have more
appetency to hepatocytes than non-parenchymal cells in
the liver.

Distribution in liver and intrahepatic cells in vivo
3
H-Ch labeled C-liposomes and C/SG/PEG-liposomes were
injected in mice at a dose of 4 Ci/20 g. At 0.5 and 4 h
after injection, the radioactivity in 100 mg of liver tissue is
shown in Figure 3. The distribution amount in liver tissue
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Figure 3 Distribution in liver tissue and uptake amounts in hepatocytes and
non-parenchymal cells of liver of 3H-labeled liposomes, after intravenous administration
by tail vein in mice, at different time periods. A: 0.5; B: 4.0 h. The open bar

0

Liver tissue
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represents C-liposomes and the filled bar represents C/PEG/SG-liposomes.
Data represent mean±SD, n = 3. The statistical significance of differences was
analyzed by Student’s t-test. bP<0.01 vs C/PEG/SG-liposomes.
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DISCUSSION
Among various types of non-viral vector systems, cationic
liposomes seem to be promising, because of their high gene
expression efficiency. When using simple cationic liposomes
by both intravenous and intraportal administration[19,22], it is
difficult to transfect into hepatocytes because liposomes
prefer targeting the lung and RES. A great challenge faces
the investigator who wishes to target liposomes to hepatocytes,
for some disorders such as hepatitis B or metabolic diseases
which require that the liposomes be steered away from their
natural targets. In this study, the characteristics of SG
modified liposomes and its inhibition on HBsAg and HBeAg
secretion was investigated. In addition, the liver uptake and
intrahepatic distribution of a labeled cationic liposome and
SG modified cationic liposome were also evaluated.
To investigate the effect of DC-chol, SG and PEG-DSPE
on the entrapment and transfection efficiency, FS was used
as a marker. DC-chol (positively charged) can bind with FS
or ODN (both negatively charged) by electrostatic interaction.
Typical cationic liposomes that carry excess positive charge
will interact with plasma proteins, and would be rapidly taken
up into the mononuclear phagocytic system. In order to
decrease the adsorption of plasma proteins and interaction
with non-target cells, 6% PEG-DSPE was added into the
cationic liposomes.
Entrapment of FS and ODN to cationic liposomes was
very efficient, even when containing a relatively high amount
of SG and PEG-DSPE (6%, Table 1). Evidently, SG and
PEG coating seldom shields the positively charged liposome
surface from interaction with FS and ODN.
Receptors for carbohydrates such as the ASGP-R on
hepatocytes and the mannose receptor on macrophages and
liver endothelial cells produce opportunities for cell-specific
gene delivery with liposomal carriers. The presence of a
glucoside on the surface of electrically neutral FS entrapped
in C/SG-liposomes, resulted in more than a 2-fold increased
transfection efficiency of HepG2 cells, which is a human
hepatoblastoma cell line that is known to express ASGP-R,
when compared to C-liposomes encapsulated FS (Figure 1).
It was surmised that such glucoside in SG could be identified
by ASGP-R present on the surface of the HepG2 cells, leading
to liposome entry into cells through endocytosis.
The major HBsAg, and in some cases, the HBeAg, is
detectable in the serum of individuals with chronically infected
HBV. Serological detection of HBeAg usually correlates
well with the presence of circulating virions and is commonly
used clinically as an indicator of active HBV replication.
Elimination of HBsAg and HBeAg from the supernatant is
associated with resolution of infection with a wild-type strain
of HBV. Synthetic ODN (15-mers), complementary to the
cap site of SP II promoter transcribed mRNA, showed a
sequence-specific, dose-dependent inhibitory effect on HBV
gene expression from a concentration of 1.25-5.0 mol/L.
A previous study showed that, such ODN could inhibit the
expression of HBsAg without a significant effect on total
synthesized protein in the cells[23]. According to the results
of this study, it is found that the initial concentration of
ODN and incubation time appeared to be important factors
in obtaining a desired inhibition effect. As the ODN
concentration and incubation time increased, the inhibition
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efficiency of C/SG/PEG-liposomes entrapped ODN also
increased (Figure 2). However, it is demonstrated that larger
amounts of ODN and cationic lipid would lead to a higher
toxicity to the cells; therefore, concentration of liposomeODN complexes should be restricted at a certain level[24].
As for the present ODN encapsulated C/SG/PEG-liposomes,
a concentration of DC-chol lower than 10 g/mL with a
cationic lipid/ODN at 1:1 of charge ratio was regarded
suitable.
In the study of liver uptake of 3H labeled cationic
liposomes, no significant difference was found between Cliposomes and C/SG/PEG-liposomes. These results
indicated that the PEG chain and glucose residue in SG did
not necessarily improve the in vivo behavior of cationic
liposomes. Kirby et al., showed that when the cationic
liposomes contain only 5% of charged lipid with small zeta
potential, the behavior of the cationic liposomes are not
different from that of neutral liposomes[22,25]. Our results
agree with these findings. These results could be attributed
to the special hepatocytes targeting behavior of SG. A
previous study showed that the glucose residue on the surface
of liposomes could selectively recognize the ASGP-R of
hepatocytes cells[9]. The result also demonstrated that the
liver targeting effect of SG is not diminished by the PEG
chain on the surface of liposomes.
In conclusion, this study established a highly efficient
receptor-mediated delivery system for ODN to hepatocytes
by using SG and PEG modified cationic liposomes. By utilizing
this delivery system, an ODN targeting the encapsidation
site of the HBV pregenome causes a strong inhibition of
HBV replication in vitro. Therefore, SG modified liposomes
may be effective vehicles to improve the delivery of ODN
to the liver for the therapy of hepatotropic viruses.
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Abstract
AIM: To investigate the effects of Danshao Huaxian (DSHX)
capsules, a preparation of traditional Chinese medicine,
on the expression of matrix metalloproteinase-1 (MMP-1),
and tissue inhibitor of metalloproteinase-1 (TIMP-1) in
the fibrous livers of rats.
METHODS: Eighty male Wistar rats were randomly
divided into normal control group (group A), CCl4-induced
hepatic fibrosis group (group B), non-DSHX-treated group
(group C), low dose-treated group (group D), and high
dose-treated group (group E). Fibrous liver models in rats
were induced by subcutaneous injection of CCl4 , oral
administration of alcohol and high-lipid/low-protein diet
for 8 wk. After the models were established, the rats in
groups D and E were orally given a low dose (0.5 g/kg) and
a high dose (1.0 g/kg) of DSHX daily for 8 wk, respectively.
Then, the liver indexes, serum hyaluronic acid (HA) and
alanine aminotransferase (ALT) were examined. The degree
of hepatic fibrosis was evaluated by optical microscopy.
Hydroxyproline (Hyp) in the urine was determined, and
the expression of MMP-1 and TIMP-1 was detected by
immunohistochemical techniques.
RESULTS: In groups D and E, the liver indexes, levels of
serum HA and ALT reduced and development of hepatic
fibrosis weakened significantly. The urinary Hyp and
expression of MMP-1 in the liver tissues elevated, but the
expression of TIMP-1 decreased obviously, as compared
to groups B and C.

CONCLUSION: DSHX enhances the expression of MMP-1
but decreases that of TIMP-1 in liver tissues of CCl4-induced
hepatic fibrotic rats, which may result in its elevated
activity that contributes to fighting against hepatic fibrosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatic fibrosis is a common result of any chronic injury
to the liver. It is characterized by excessive deposition of
extracellular matrix (ECM), especially collagens I and III[1-4].
Matrix metalloproteinase (MMP), is a member of zincdependent endopeptidase family, that degrades various
components of ECM. In liver tissues, 8 members of MMP
have been discovered[5]. One of them is matrix metalloproteinase-1 (MMP-1) with its specific inhibitor, tissue
inhibitor of metalloproteinase-1 (TIMP-1) closely correlated
with liver fibrosis due to the accumulation and degradation
balance of collagens I and III[6-8]. In this study, we examined
the therapeutic effect of Danshao Huaxian (DSHX) capsule
on CCl4-induced hepatic fibrosis in rats and explored its
mechanism.
MATERIALS AND METHODS
Experimental animals
Eighty male Wistar rats weighing 180-220 g were provided
by the Experimental Animal Center of Guiyang Medical
College. The rats were randomly divided into five groups:
normal control group (group A), CCl4-induced hepatic fibrosis
group (group B), non-DSHX-treated group (group C), low
dose DSHX-treated group (group D), and high dose DSHXtreated group (group E). Each group consisted of 16 rats.
Chemicals and reagents
DSHX capsule containing five Chinese herbal medicines
(Tetrandrine, Radix Salviae Miltiorrhizae, Radix Paeoniae Rubra,
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Astragalus Membranaceus and Ginkgleaf) was supplied by
Guiyang Pharmaceutical Company. Carbon tetrachloride
(CCl4) was obtained from Chongqing Inorganic Chemistry
Factory and cholesterol was from Beijing Chemical Reagent
Company. Immunohistochemical kits for MMP-1 and
TIMP-1, hyaluronic acid (HA) and hydroxyproline (Hyp)
kits were purchased from Wuhan Boster Biological
Engineering Ltd Co., Beijing Northern Biological Technical
Research Institute and Nanjing Jiancheng Biological
Engineering Research Institute, respectively.
Instruments
Automatic biochemical analytic instrument (Hitachi 7170A)
and Olympus BX41 Microimage Collecting System were
employed in the study.
CCl4-induced liver fibrosis and sample collection
Liver fibrosis was induced in four groups by a complex
method[9] . The rats in groups B, C, D, and E received
subcutaneous injections of 40% CCl4 solution (a mixture
of pure CCl4 and peanut oil) and 0.3 mL/100 g, twice a
week for 8 wk (the first dose was pure CCl4 0.5 mL/100 g).
Meanwhile, they were fed with high-lipid/low-protein diet
(79.5% corn farina, 20% fat, and 0.5% cholesterol) daily,
and orally supplemented with 30% alcohol every other day.
Rats in group A were fed only with normal diet. After liver
fibrosis was produced, the rats in group B (by this time,
only 12 rats survived) were killed and their blood and livers
were collected. The wet livers were weighed and liver samples
were fixed in 40 g/L formaldehyde. The serum was centrifuged
at 1 500 r/min for 5 min and stored at -80 ℃. DSHX
capsules were then given to the rats in group D (0.5 g/kg,
p.o., daily) and group E (1.0 g/kg, p.o., daily) for 8 wk. The
rats in group C were given normal saline instead of DSHX.
At the end of the experiment (by this time, the rat survivors
in group A and groups C-E were 16, 10, 10, and 10,
respectively), all the rats were killed, the liver and serum
samples were handled in the same way as mentioned above.
Liver index calculation
Liver index was calculated according to the formula (liver
weight/body weight)×100%.
Measurements of serum HA and ALT
Concentrations of serum HA and alanine aminotransferase
(ALT) were measured by radioimmunoassay or automatic
biochemical analytic instrument (Hitachi 7170A).
Histopathological examination
An equal portion of liver from each rat (1 cm×1 cm×0.5 cm)
was fixed in 40 g/L formaldehyde for 48 h, embedded in
paraffin, and sectioned with a microtome. The 5-m-thick
sections were stained with hematoxylin and eosin for general
histopathology examination. Van-Gieson staining was
performed for evaluating the severity of liver fibrosis. Liver
fibrosis was classified as previously described[10].
Urinary Hyp determination
The 24 h urine of the rats in each experimental group was
collected for determination of urinary Hyp in the 8 th wk
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and at the end of the experiment, respectively.
Expression of MMP-1 and TIMP-1
The expressions of MMP-1 and TIMP-1 were detected by the
streptavidin-biotin complex (SABC) immunohistochemical
technique strictly following the directions offered. PBS was
used as the negative control to produce MMP-1 and TIMP-1
polyclonal rabbit IgG. Finally, the number of positive cells
per field of vision at 400× magnification was counted.
Statistical analysis
Quantitative data were expressed as mean±SD and subjected
to one-way analysis of variance, followed by t test for multiple
comparisons. Ordinal data were analyzed by Radit analysis.
P<0.05 was considered statistically significant.

RESULTS
Effect of DSHX on liver index, concentration of serum HA and
ALT in rats
As shown in Table 1, compared to group A, the liver index
and concentrations of serum HA and ALT of rats in group
B and group C increased greatly (P<0.05). After 8 wk of
treatment with DSHX, the liver index and concentration
of serum HA and ALT in groups D and E, reduced obviously
compared to those in groups B and C (P<0.05).
Table 1 Liver index, serum HA, and ALT in rats of each group
(mean±SD)
Group

n

Liver index
HA (ng/mL)
(relative liver weight)

ALT (U/L)

A
B

16
12

0.0249±0.0027
0.0423±0.0044 b

192.52±41.97
316.17±78.48a

32.40±2.30
174.50±6.02b

C

10

0.0295±0.0019 b,d

300.86±72.73a

104.75±6.54b,d

D

10

0.0268±0.0028d,e

224.92±36.62c,e

96.13±4.94d,e

E

10

0.0267±0.0017 d,f

200.78±31.71c,e

93.13±5.79d,f

a
P<0.05, bP<0.01 vs normal control group; cP<0.05, dP<0.01 vs hepatic fibrosis
group; eP<0.05, fP<0.01 vs non-DSHX-treated group.

Effect of DSHX on degree of hepatic fibrosis
After HE and V-G staining, hepatocytes of the normal
control rats were arrayed radially along the central vein and
there were no collagen fibers. The lobular structure of the
liver was destroyed and the hepatic cords were disordered in
the rats of group B. Also, the fibrous connective tissues containing
numerous inflammatory cells regenerated in the portal area.
Meanwhile, collagen fibers expanded into the hepatic
parenchyma and there appeared fibrous septa surrounding
and separating the normal lobules. The degree of hepatic
fibrosis in this group was significantly serious compared to
that in group A (P<0.01). The hepatic fibrosis in group C
was alleviated and the fibrous septa were thinner than those
in group B. Except for the obvious expansion of collagen
fibers, pseudo lobules were also found in some severe samples
from group C. The lobular structure in groups D and E
was ameliorated significantly, and regeneration of fibrous
connective tissues and septa reduced as compared to that
in groups B and C. The degree of the hepatic fibrosis in each
group is shown in Table 2.

Yang Q et al. Effect of Danshao Huaxian capsule on hepatic fibrosis
Table 2 Degree of hepatic fibrosis in rats of each group
Degree of hepatic fibrosis
Group

n
0

I

II

III

IV

V

Average

A

16

16

0

0

0

0

0

0

B

12

0

0

0

1

7

4

4.25d

C
D

10
10

0
1

1
3

4
5

3
1

2
0

0
0

2.60d,f
1.60a,f

E

10

1

6

2

1

0

0

1.30b,f

a
f

P<0.05 and bP<0.01 vs non-DSHX-treated group; dP<0.01 vs normal control group;
P<0.01 vs hepatic fibrosis group.

.

Effect of DSHX on urinary excretion of Hyp
Urinary Hyp is an useful index to evaluate the degradation
of hepatic collagen. Compared to group A, the Hyp excretion
increased in groups B and C. After being treated with DSHX,
Hyp in the urine of groups D and E was more than that in
groups B and C, suggesting that DSHX capsule could
facilitate degradation of collagen (Table 3).

Table 3 Urinary excretion of Hyp (g/24 h) in rats of each group
(mean±SD)
Group

n

Urinary excretion of Hyp

A

16

47.80±5.76

B

12

62.00±6.40 b

C

10

182.44±30.83b

D
E

10
10

242.76±49.76d
541.09±73.39 d,f

b

P<0.01 vs normal control group; dP<0.01 vs hepatic fibrosis group; fP<0.01 vs
non-DSHX-treated group.

Effect of DSHX on expression of MMP-1 and TIMP-1
Immunohistochemical (SABC) study showed that there
were only a small number of cells with positive light yellow
staining of MMP-1 and TIMP-1 in the normal livers.
MMP-1 was observed only in some hepatocytes and stromal
cells, whereas TIMP-1 was mainly distributed in vascular
endothelial cells and some fibroblasts in the portal area.
In the livers of groups B, C, D, and E, the cells with MMP1 and TIMP-1 positive staining were detected in the fibrous
septa and stained dark yellow. The expression of MMP-1
and TIMP-1 in group B was higher than that in group A
(P<0.01). Compared to groups B and C, the expression of
MMP-1 in groups D and E increased significantly, whereas
that of TIMP-1 decreased sharply. The results are shown
in Table 4.

Table 4 Percentage of expression of MMP-1 and TIMP-1 in each
group (mean±SD)
Group

n

MMP-1 (%)

TIMP-1 (%)

A

16

0.595±0.87

1.08±0.68

B

12

5.956±1.85f

C

10

5.104±2.20

f

D
E

10
10

8.271±3.29a,d
8.518±1.88a,d

a

9.04±1.60f
6.46±1.77b,f
5.07±0.69b,c
4.32±0.63b,d

P<0.05 and bP<0.01 vs the hepatic fibrosis group; c P<0.05 and dP<0.01 vs nonDSHX-treated group; fP<0.01 vs normal control group.
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DISCUSSION
DSHX capsule is a mixed preparation, composed of five
traditional Chinese herbal medicines. We previously reported
that DSHX is effective in prevention of hepatic fibrosis[11].
In this study, we found that after DSHX treatment of rats
with liver fibrosis for 8 wk, the relative liver weight and
concentration of serum HA and ALT significantly reduced
and liver fibrosis was alleviated, suggesting that DSHX
possesses a therapeutic effect on CCl4-induced hepatic fibrosis
in rats by attenuating liver inflammation, preventing necrosis
of hepatocytes and promoting their generation.
Hepatic fibrosis is a common consequence of enhanced
ECM synthesis and weakened breakdown of proteins in
the connective tissue, which lead to increased deposition of
ECM in the extracellular matrix. The main component of
ECM in normal liver is collagen, which is divided into types
I, III-VI. Except for these collagen fibers, there are many
other non-collagen components, including fibronectin,
laminin, tenascin, and entactin [12]. In fibrous liver,
overaccumulated ECM is mainly interstitial collagens (types
I and III). Activated hepatic stellate cells (HSCs) are the
main source of ECM[13-17] during liver fibrosis. HSCs in the
space of Disse are in a quiescent form without fibrogenic
activity, in part because they are in contact with a complex
ECM composed of collagen type IV, laminin, and proteoglycans[18]. When separated from these factors, they are activated
into a pro-fibrogenic myofibroblastic phenotype. The
expression of MMP-2 increases obviously after liver injury,
which may result in excess degradation of type IV collagen
and disorder of the microenvironment of the space of Disse,
and then HSCs become activated. Meanwhile, Kupffer cells
generate cytokines in response to liver injury, in which HSCs
are activated and ECM is overexpressed. Normally, deposition
of matrix components in liver is well controlled through
constant remodeling by matrix-degrading enzymes. MMP
is the most important among ECM-degrading enzymes.
MMP, a zinc-dependent endopeptidase, can degrade specific
components of ECM and its biological activity can be
suppressed by TIMPs[19]. MMPs are released by a variety
of cells (macrophages, neutrophils, endothelial cells, etc.)
and participate in such physiological and pathological
processes as ECM degradation, tissue remodeling, angiogenesis,
and tumor invasion[20-22].
Till now, 26 members of the family of MMPs have been
identified[22] and with the following characteristics[23-25].
(1) Structurally, there is a zinc atom at the active site; (2)
they are often in an inactivated form, when produced; (3)
their primary structures contain two highly conserved
sequences, a N-terminal peptide domain and a catalytic
domain; and (4) they can be inhibited by specific inhibitors
known as TIMPs. The activities of MMPs are regulated at
the transcriptional level, through zymogen activation and
suppression by a family of inhibitory proteins, TIMPs. Four
members of the TIMP family have been identified so far,
including TIMPs 1-4, which are named in the order of
their discovery. Their sequences possess a highly conserved
secondary structure interacting with proteins via six conserved
disulfide bonds. It seems that there are two domains in the
TIMP molecule, a N-terminal domain that is endowed with
inhibition of metalloproteinase and a C-terminal domain
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that may be important in protein location or combination
with progelatinases[26] . TIMPs act widely and their most
important action is to inhibit the activity of MMPs. TIMPs
can interact with MMPs to inhibit their activities at 1:1
stoichiometry[27-29]. MMP-1, a member of the MMP family
that specifically degrades native collagen types III and I,
plays an important role in the accumulation and degradation
balance of ECM. The level of MMP-1 increases transiently
in the early stage of liver fibrosis, but becomes undetectable
in the stage of cirrhosis[30]. In contrast, the level of TIMP-1,
a specific tissue inhibitor of MMP-1, elevates consistently
in the fibrosis process and reaches its peak in the stage of
cirrhosis. Upregulation of TIMP-1 and downregulation of
MMP-1 result in the inhibition of degradation of collagen
types I and III, which leads to overexpression and deposition
of ECM in the extracellular matrix.
In addition to inhibiting the degradation of matrix,
TIMP-1 plays a significant role in regulation of the apoptosis
of such cells such as B lymphocytes, breast epithelial cells
and HSCs. TIMP-1 inhibits the apoptosis of HSCs, indicating
another possible mechanism whereby it is implicated in the
pathogenesis of liver fibrosis. In this study, we found that
MMP-1 in the two groups treated with DSHX was overexpressed, whereas the expression of TIMP-1 reduced significantly.
We conclude that DSHX can reverse the process of liver
fibrosis by upregulating the gene expression and generation
of MMP-1 and downregulating the TIMP-1 expression.
These results may provide a therapeutic strategy to combat
hepatic fibrosis by targeting MMP-1 and TIMP-1.
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pathological group than in the intervention group. At each
time point, the number of activated HSCs was less in the
intervention group than in the pathological group, and
the number of apoptotic HSCs was more in the intervention
group than in the pathological group.
CONCLUSION: Vitamin E and selenium supplementation
at the given level can inhibit CCl4-induced activation and
proliferation of HSCs and promote the apoptosis of
activated HSCs in acute damage phase. Vitamin E and
selenium can also effectively decrease the degree of
hepatic fibrosis and promote the recovery process.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To evaluate the effects of dietary supplementation
with vitamin E and selenium on proliferation and apoptosis
of hepatic stellate cells (HSCs), in acute liver injury induced
by CCl4, and to explore their role in the recovery from
hepatic fibrosis phase.
METHODS: An acute liver damage model of rats was
established by intraperitoneal injection of carbon
tetrachloride (0.3 mL/100 g body weight) twice a week,
then the rats were killed at 6, 24, 48, and 72 h after the
first and third injection, respectively. A liver fibrosis model
was established by the same injection for 8 wk. Then three
rats were killed at 3, 7, 14, and 28 d after the last injection,
respectively. The rats from the intervention group were
fed with chow supplemented with vitamin E (250 mg/kg)
and selenium (0.2 mg/kg), and the rats in the normal control
group and pathological group were given standard chow.
Livers were harvested and stained with hematoxylin and
eosin, Sirius red. Activated HSCs were determined by
-smooth muscle actin immunohistochemistry staining.
Apoptotic HSCs were determined by dual staining with
the terminal deoxynucleotidyl transferase UTP nick
end labeling (TUNEL) and -smooth muscle actin
immunohistochemistry. Serum alanine aminotransferase
and aspartate aminotransferase were also analyzed.
RESULTS: In the acute liver damage model, the degree
of liver injury was more serious in the pathological group
than in the intervention group. At each time point, the
number of activated HSCs was less in the intervention
group than in the pathological group, while the number
of apoptotic HSCs was more in the intervention group
than in the pathological group. In the liver fibrosis model,
the degree of liver fibrosis was more serious in the
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INTRODUCTION
Liver fibrosis is characterized by increased deposition of
extracellular matrix, and its mechanism is extremely complex.
The common understanding about liver fibrosis is that the
activation and proliferation of HSCs, a major source of
extracellular matrix, play a key role in liver fibrogenesis[1,2].
Activated HSCs express -SMA and are the major source
of collagens and other matrix proteins which result in
fibrosis. Resolution of liver fibrosis is associated with a net
loss of activated HSCs mediated by apoptosis. Therefore,
promoting HSC apoptosis may be a viable method to
facilitate matrix degradation in fibrotic liver[3,4].
Studies have shown that oxidative stress is one of the
mechanisms in the development of liver fibrosis[5-8] , it is
worth investigating the therapeutic role of antioxidative
nutrients in hepatic fibrosis. A wealth of evidence indicates
that antioxidative nutrients such as vitamin E and selenium
can prevent liver fibrosis induced by carbon tetrachloride
(CCl4)[9,10]. The major mechanism by which CCl4 induces
rat liver fibrosis is that CCl3- results in a series of lipid
peroxidation reactions. The activation of HSCs is enhanced
with the increasing CCl4 concentration[11]. The results from
our previous study confirmed, that dietary supplementation
with vitamin E and selenium can protect hepatocytes and
prevent liver fibrosis induced by CCl4 in rat model[12].
However, the mechanism of the effects is still not clear.
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Therefore, rat acute liver injury and hepatic fibrosis models
were established by intraperitoneal injection of CCl4. Dietary
supplementation with proper doses of vitamin E and
selenium was given to rats in order to determine whether
the antioxidative nutrients had an effect on the proliferation
and apoptosis of activated HSCs during liver injury or
recovery from liver fibrosis in vivo.

MATERIALS AND METHODS
Animal model of acute liver damage and liver fibrosis
One hundred and fifty-six male Sprague Dawley rats
(Shanghai Xipuer-bikai Company) weighing 250-300 g were
randomly divided into normal control group, pathological
group, and intervention group, 52 rats each group. The
rats were fed with chow supplemented with vitamin E
(250 mg/kg) and selenium (0.2 mg/kg diet) in the intervention
group, and the rats in the other two groups were given
standard chow. After 2 wk, the rats were injected with saline
in the normal control group, and those in the other two groups
were intraperitoneally injected with 0.3 mL/100 g body
weight sterile CCl4 at 1:1 with olive oil twice a week. In the
acute liver damage model, five rats were killed at 6, 24, 48,
and 72 h after the first and third injection. In the liver
fibrosis model, the same dose of CCl4 was given to rats for
6 wk, then the dose of CCl4 was reduced to 0.15 mL/100 g
body weight for another 2 wk. Starting from the 8 th wk,
three rats were killed at 3, 7, 14, and 28 d after the last
injection. Livers and serum were collected, one lobe from
each liver was fixed in buffered formalin for histological
observation. Serum alanine aminotransferase and aspartate
aminotransferase were analyzed.
Pathological observation of liver
Liver sections were stained with hematoxylin and eosin, Sirius
red. Pathological changes of the liver were observed . Five
low power fields (×4) of each slide were randomly selected.
The IMS color image integrate system was used to get the
total area with Sirius red positive changes of these 5 views.
The mean of area was calculated at each time point.
Measurement of serum alanine aminotransferase and aspartate
aminotransferase during acute liver damage phase
Serum was collected at each time point in the model of
acute liver damage. Alanine aminotransferase and aspartate
aminotransferase were tested by Beckman automatic clinic
biochemistry system.
Quanitification of activated HSCs during acute liver damage
and recovery from fibrosis
Activation of HSCs was associated with expression of
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-smooth muscle actin (-SMA). Immunostaining for
-SMA was used to detect and quantify activated HSCs in
each specimen of the liver. The liver section of each rat at
each time point was immunostained with horseradish
peroxidase-conjugated secondary antibody (monoclonal anti
-SMA, Envision TM, DAKO Company) for its expression
of -SMA, and identified by DAB(brown). The number
of -SMA positive cells of each liver slide was counted in
30 randomly selected high power fields (×40) by two
observers, one of whom was blinded. If the difference in
results between the two observers was higher than 10%,
the slides were recounted.
Determination of activated HSCs undergoing apoptosis by
double stain with TUNEL and -SMA
The liver section of each rat was treated with 0.3% H2O2,
180 g/mL proteinase K, then fragmented DNA in apoptotic
cells was detected by TUNEL technique. The Boehringer
TUNEL staining kit(German) was used following the
manufacturer’s instructions. TUNEL positive nuclei were
identified by NBT/BCIP (violet) and immunostaining for
-SMA with horseradish peroxidase-conjugated secondary
antibody (brown). Cells expressed both in TUNEL (with violet
nuclei) and in immunostaining for -SMA (with brown cell
plasma) were considered as apoptotic HSCs. Each slide was
then analyzed by two researchers as described above.
Statistical analysis
The data were expressed as mean±SD and analyzed by
ANOVA. P<0.05 was considered statistically significant. All
analyses were conducted by SPSS 10.0 statistical package.
All the charts were drawn by excel 2000.

RESULTS
Histology of acute liver damage
After injection of CCl4, livers of the rats were damaged
and swollen and became yellow, perivenular ballooning
degeneration was present, the pathological changes increased
with the increase of time. At each time point, the lesion
was more serious in the pathological group than in the
intervention group.
Serum alanine aminotransferase and aspartate aminotransferase levels during acute liver damage
Because there was no significant difference at different time
points after the first or third injection of CCl4, the data
were regrouped into one group for statistical analysis. The
lesion in the pathological group was more serious than that
in the intervention group, and became worse with the
increase of time (Table 1).

Table 1 Comparison between ALT and AST (mean±SD)
ALT (IU/L)
After the first injection
Intervention group (n = 20)
Pathological group (n = 20)
Normal control group (n = 20)
a

289.6±80.7

a,b

396.5±134.4
256.4±71.6

P<0.05 vs pathological group; bP<0.01 vs third injection.

b

AST (IU/L)

After the third injection
446.4±136.5
781.6±295.7
194.1±69.7

b

After the first injection

219.9±98.2a

b

362.5±129.6
58.5±25.0

63±16.9
85.3±57.9
53.9±20.1

After the third injection

a,b

Shen XH et al. Effects of dietary supplementation on HSC apoptosis

Quantification of collagen fiber during acute liver damage
(Sirius red staining)
Also, because there was no significant difference at different
time points after the first or third injection of CCl4, the
data were regrouped into one group for statistical analysis.
Collagen fibers in the intervention group were significantly
more than those in the pathological group after the first
and third injection of CCl4, but no significant difference
was observed between the first and the third injection
(Table 2).

fibers 3, and 7 d after the last injection of CCl4 was much
more than that in the model of acute liver injury. The
amount of collagen fibers decreased with the changes of
time, but was still more than that in the normal control
group on d 28. At each time point, the amount of collagen
fibers in the pathological group was more than that in the
intervention group (Table 2, Figure 1).

Pathological group
Intervene group
Normal control group
The area of
collagen fiber

Histology of liver fibrosis recovery
Three days after the last injection of CCl4, the livers of rats
were swollen, yellow, hard and had hepatocyte fatty
degeneration with many fibrotic septae. The changes were
more serious in the pathological group than in the
intervention group. After 28 d of the last injection, the
degree and areas of hepatocyte fatty degeneration decreased,
compared to those in the normal control group.
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Figure 1 Area of collagen fiber at each time point during recovery of liver fibrosis.
Table 2 Quantitative analysis of collagen fibers during acute liver
damage (Sirius red staining, mean±SD)
After the first
injection (pixel)

After the third
injection (pixel)

Pathological group (n = 20)

2 686.3±1 109.4b

1 843.5±706.7a

Intervention group (n = 20)

6 351.3±524.2

5 992.0±2 637.2

Normal control group (n = 20)

2 785.5±294.1

2 978.5±214.8

a

P<0.05 vs intervention group; bP<0.01 vs intervention group.

Quantification analysis of collagen fibers during liver fibrosis
recovery (Sirius red staining)
In the liver fibrosis recovery model, the amount of collagen

A

The number of activated HSCs

The number of activated HSC

Pathological group
Intervention group

Intervention group
Normal control group
450
400
350
300
250
200
150
100
50
0

24

Change of activated HSCs during liver fibrosis recovery
In the pathological and intervention groups, the activated

B

Pathological group

6

Change of activated HSCs during acute liver damage
Twenty-four hours after the first injection of CCl4, the
number of activated HSCs in the pathological and
intervention groups began to increase, and reached the peak
after 72 h. The number of activated HSCs began to decrease,
6 h after the third injection. The number of activated HSCs
in the inter vention group was less than that in the
pathological group and more than that in the normal control
group (Figures 2A, B).

48
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250
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Figure 2 Change of activated HSCs after the first (A) and third (B) injection,
during liver fibrosis recovery (C) and positive for -SMA Immunohistochemistry

staining (D).
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HSCs were clustered around the fibrotic septae. The number
of activated HSCs decreased gradually 7 d after injection
of CCl4, and was still more than that in the normal control
group 28 d after injection of CCl4. At each time point, the
number of activated HSCs in the intervention group was
less than that in the pathological group (Figures 2C and D).
Apoptosis of activated HSCs during acute liver damage
Twenty-four hours after the first injection of CCl4, the
apoptotic HSCs began to increase gradually, and the number
of apoptotic HSCs in the intervention group was more
than that in the pathological group. As expected, 6, 24, 48 h
after the first injection, the number of apoptotic HSCs in
the intervention and pathological groups was less than that
in the normal control group (Figure 3).

Pathological group

The number of apoptotic HSCs

A

Intervention group

6

Normal control group

5
4
3
2
1
0
6

24

48

72 h

B

Figure 3 Apoptosis of activated HSCs after the first injection (A) and apoptotic
HSCs positive for both TUNEL staining (violet) and -SMA immunohistochemistry
staining(brown) (B).

Apoptosis of activated HSCs during liver fibrosis recovery
The apoptotic HSCs decreased gradually in the pathological
and intervention groups after injection of CCl4, but was
still more than that in the normal control group, 28 d after
injection of CCl4. The number of apoptotic HSCs in the
intervention group was more than that in the pathological
group at each time point during liver fibrosis recovery, and
was much more in the intervention and pathological groups
than in the normal control group (Figure 4).

DISCUSSION
Experiment design
The dosage of CCl4, vitamin E, and selenium used in the
study was selected as previously described[12-14]. Tests were
carried out at different time points during acute damage
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and recovery, because it was reported that this is the best
way to observe the continual changes of HSCs in vivo[15].
Vitamin E and selenium protect hepatocytes and promote
recovery from liver fibrosis
The results from histology and serum ALT and AST showed
that vitamin E and selenium reduced liver damage during
acute liver injury and had the effect of decreasing collagen
fibers, thus preventing liver fibrosis. Hepatocyte damage
or liver fibrosis as shown by many variables at each time
point was different.
In the model of acute liver injury, although -SMA
immunostaining showed that the number of HSCs in the
intervention group was less than that in the pathological
group at each time point, Sirius red staining showed that
the number of collagen fibers in the intervention group
was more than that in the pathological and normal control
groups, suggesting that vitamin E and selenium may promote
the synthesis of collagen fibers. Since the synthesis of collagen
also is a positive repairing response to hepatocyte injury,
vitamin E and selenium can prevent liver damage during
acute liver injury, not only by affecting HSCs but also by
other ways. This needs to be confirmed by further studies.
Effect of vitamin E and selenium on proliferation and apoptosis
of HSCs during acute liver damage
The number of activated HSCs in the intervention group
was less than that in the pathological group and more than
that in the normal control group during acute damage phase.
Meanwhile, the number of apoptotic activated HSCs in
the intervention group was more than that in the pathological
group and less than that in the normal control group,
suggesting that CCl4 breaks the normal balance between
activation and apoptosis of HSCs, resulting in more
activation and lesser apoptosis. When the injury continues,
more and more activated HSCs are generated thus producing
more and more collagen fibers and leads to fibrosis. Vitamin
E and selenium can inhibit the activation of HSCs and
promote their apoptosis during acute damage phase, which
helps to rebuild the balance between activation and apoptosis
of HSCs, thus preventing liver fibrosis.
Effect of vitamin E and selenium on proliferation and apoptosis
of HSCs during recovery from liver fibrosis
As expected, the number of apoptotic HSCs was more and
that of activated HSCs was less than in the pathological

Pathological group
Intervene group
Normal control group
The number of
apoptotic HSCs
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Figure 4 Number of apoptotic HSCs during recovery from liver fibrosis.
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group, suggesting that vitamin E and selenium can promote
apoptosis of HSCs during recovery from liver fibrosis.
During this stage, both activated and apoptotic HSCs in the
pathological and intervention groups were more than those
in the normal control group.
Iredale et al. [15], have examined an experimental model
of fibrosis during progressive and recovery phase to
determine whether activated HSCs underwent apoptosis
during spontaneous resolution of fibrosis in vivo, which is
consistent with our results in the pathological group,
suggesting that HSCs play a central role in the development
and resolution of liver fibrosis.
Furthermore, the data in our study demonstrate that it
needs more than 28 d for the rats to recover from hepatic
fibrosis.
Activation and proliferation of HSC are the key to the
formation of hepatic fibrosis, and apoptosis of HSCs is
the crux of the recovery of fibrosis. Therefore, the disease
can be intervened by inhibiting the activation of HSCs and
inducing apoptosis. Our data show that vitamin E and
selenium supplementation may be one of the mechanisms
underlying the recovery of fibrosis[12]. Meanwhile, vitamin
E and selenium may be an effective anti-fibrotic approach.
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Abstract
AIM: To study the protective effect of acupuncturing
Tsusanli (ST36) on cold stress ulcer, and the expression
of nitric oxide synthase (NOS) in hypothalamus and
adrenal gland.
METHODS: Ulcer index in rats and RT-PCR were used to
study the protective effect of acupuncture on cold stress
ulcer, and the expression of NOS in hypothalamus and
adrenal gland. Images were analyzed with semi-quantitative
method.
RESULTS: The ulcer index significantly decreased in rats
with stress ulcer. Plasma cortisol concentration was up
regulated during cold stress, which could be depressed
by pre-acupuncture. The expression of NOS1 in hypothalamus
increased after acupuncture. The increased expression
of NOS2 was related with stress ulcer, which could be
decreased by acupuncture. The expression of NOS3 in
hypothalamus was similar to NOS2, but the effect of
acupuncture was limited. The expression of NOS2 and
NOS3 in adrenal gland increased after cold stress, only
the expression of NOS1 could be repressed with
acupuncture. There was no NOS2 expression in adrenal
gland in rats with stress ulcer.
CONCLUSION: The protective effect of acupuncturing
Tsusanli (ST36) on the expression of NOS in hypothalamus
and adrenal gland can be achieved.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hypothalamus is a higher vegetative nerve center, which
can accommodate not only the viscera activation, but also
some important physiological functions, such as body
temperature regulation, endocrine regulation and emotional
response. Damage to this region would lead to acute gastric
mucosal lesion.
Glands play an important role in the processes of stress.
Psychological and physical stress may result in acute gastric
mucosal lesions. It was reported that stress relates to nitric
oxide (NO) catalyzed by nitric oxide synthase (NOS)[1,2]. Studies
have demonstrated that NO also plays an important role in
the healing process of both gastric and duodenal ulcers[3].
In this study, we focused on the protective effect of
acupuncturing Tsusanli (ST36) on cold stress ulcer and the
expression of NOS in hypothalamus and adrenal gland.
MATERIALS AND METHODS
Animals
Twenty-two adult male Sprague-Dawley (SD) rats weighting
250±25 g were provided by Experimental Animal Center
of PLA General Hospital.
The rats were divided into three groups randomly, 6 in
control group, 8 in cold stress group (stress group), and 8 in
pre-acupuncture group (pre-acupuncture group). Cold stress
was induced in rats of stress group , pre-acupuncture group
received pre-acupuncture treatment for 1 wk, before cold
stress was induced. Control group received no treatment.
Rats were housed at controlled temperature and humidity
in 12 h light/dark cycle. The animals had free access to
food and water.
Cold stress ulcer rat model
SD rats were fasted for 24 h and water was deprived for
1 h before the experiments. The rats were fixed on board
after being anesthetized with ether and then they were put
into the cold room for 3 h.
The cold stress ulcer rat model was success fully
established. There were point and line hemorrhage or
superficial ulcer (1-2 mm in diameter).
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Ulcer index (UI)
The ulcer index calculation was expressed as[4] 1 score, if
there was blotch erosion, 2 scores, when the erosion length
was less then 1 mm, 3 scores, when the erosion length was
1-2 mm, 4 scores, when the erosion length was 2-3 mm, and
5 scores, when the erosion length was greater than 4 mm.
Total RNA extraction from hypothalamus and adrenal gland
Total RNA was extracted using TRIzol one-step extraction
method. Ultraviolet spectrophotometer was used to determine
its concentration and purity.
RT-PCR protocol
All laboratory chemicals were obtained from Sigma Chemical
Company.
cDNA was reverse transcripted using 20 g total RNA,
including Oligo dT (1.5 L), dNTPs [25 mmol/(L·L), 2 L]
and DEPC water (26 L). In PCR procedure, 30 L of the
reaction system was used including 10× buffer (3 L), dNTPs
[2.5 mmol/(L·L), 1.8 L], sense primer [10 pmol/(L·L),
1.2 L], anti-sense primer [10 pmol/(L·L), 1.2 L], cDNA
(1.2 L/per tube) and MilliQ H2O (20.3 L). Thirty-two
cycles of RT-PCR were amplified at 94 ℃ for 30 s, at 58 ℃
for 30 s, and at 72 ℃ for 1 min.
The following primer sequences were used (Beijing SBS
Company, China): rNOS1-sense: 5’> CGC AGA ACA CAT
CAC AGG <3’; rNOS1-antisense:5’>AGA ACG GGG
AGA AAT TCG <3’ (450-bp product);
rNOS2-sense: 5’>TGT TCC ATG CAG ACA ACC <3’;
rNOS2-antisense: 5’>TTC AGA AGC AGA ATG TGA
CC <3’( 407-bp product);
rNOS3-sense: 5’>CCT TTG ATC TCA ATG TCG< 3’;
rNOS3-antisense: 5’>TAC GAA GAA TGG AAG TGG
<3’ (374-bp product);
-actin was used as control, its primer sequences: 5’>
AAC CCT AAG GCC AAC CTG GAA AAG<3’ , and 5’>
TCG TGA GGT AGT CTG TCA GGT<3’ (241-bp
product).
After completion of the PCR amplifications, 10 L of
each PCR reaction was added to each lane of 2% agarose
gel. The gel was then stained with 1 g/mL ethidium

bromide, viewed with a transilluminator, and photographed
using UVP-GDS7600 gel image system to perform semiquantitative analysis.
Statistical analysis
SPSS was used to perform statistical analysis and mapping.
The data in experiments for ulcer index and plasma cortisol
were presented as mean±SE, and analyzed by Student’s t-test
for unpaired samples. Data for RT-PCR were analyzed by
one-way analysis of variance (ANOVA) followed by a post hoc
Duncan’s test. P<0.05 was considered statistically significant.

RESULTS
Plasma cortisol concentration (nmol/L)
Plasma cortisol concentration was 104.38±8.31 in stress group,
66.83±12.25 in pre-acupuncture group, and 79.1±11.07
in control group. Difference was statistically significant in
three groups (P<0.01 or P<0.05, Figure 1).

Pre-acupuncture group

Concentration of
cortisol in plasma (nmol/L)

Electro-acupuncture treatment
The rats were placed into tailor-made mouse cages, and
their bilateral legs were sufficiently exposed. Acupuncture
at Tsusanli (ST36) was performed.
The rats were acupunctured with electrical needles
(WQ1002K, electro-acupuncture equipment company,
China) at 9-10 am, 30 min each time for 7 d. The frequency
was 2-20 Hz. The original intensity was 2 V, and increased
by 1 V every 10 min. No stimulation was given to the
control group.
Rats were killed, hypothalamus and adrenal gland were
preserved in liquid nitrogen for expression of NOS by
reverse transcriptase-polymerase chain reaction (RT-PCR).
Plasma cortisol levels were measu red by specific
radioimmunoassay (RIA). Biopsy mucosal samples were
taken for the measurement of ulcer size, preserved and
fixed in 40 mg/L formaldehyde solution for HE staining
and then photographed under microscope.
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Figure 1 Effects of acupuncture at Tsusanli (S T36) on plasma cortisol
concentration in rats with stress ulcer.

Result of UI
UI was 26.25±4.40 in stress group, 9.75±1.91 in preacupuncture group and 0 in control group (P<0.01) .
Data for NOS mRNA expression in hypothalamus (Figure 2)
Expression of NOS1 mRNA The ratio of NOS1 mRNA
to -actin mRNA was 0.69±0.05 in control group, 0.77±0.09
in stress group, and 1.87±0.15 in pre-acupuncture group.
There was a significant difference compared between
acupuncture group and control group (P<0.01), but no
significant difference was found between stress group and
control group.
Expression of NOS2 mRNA The ratio of NOS2 mRNA
to -actin mRNA was 0.06±0.02 in control group, 0.24±0.05
in stress group, and 0.12±0.06 in pre-acupuncture group.
There was a significant difference between pre-acupuncture
group and stress group (P<0.01), as well as between stress
group and control group(P<0.01).
Expression of NOS3 mRNA The ratio of NOS3 mRNA
to -actin mRNA was 0.30±0.08 in control group, 0.63±0.14
in stress group, and 0.45±0.14 in pre-acupuncture group.
There was a significant difference between pre-acupuncture
group and stress group (P<0.05), as well as between preacupuncture group and control group, stress group, and
control group (P<0.05).
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Expression of NOS3 mRNA The ratio of NOS3 mRNA
to -actin mRNA was 0.71±0.25 in control group, 2.54±1.15
in stress group, and 1.70±0.86 in pre-acupuncture group.
There was a significant difference between stress group and
control group (P<0.01), but no significance difference was
found between pre-acupuncture group and stress group and
between pre-acupuncture group and control group (P<0.05).
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Demonstration of gastric mucosa with HE Staining (Figure 4)
Interruption of continuity in gastric mucosa and submucosa,
as well as damage in muscular layer were found in stress
group. The continuity in gastric mucosa was slightly
damaged, and its tissue morphology was relatively normal
in pre-acupuncture group.
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Figure 2 Effects of acupuncture at Tsusanli (ST36) on expression of NOS1 (A),
NOS2 (B), and NOS3 (C) in rats with stress ulcer. M: marker; lanes 1-4:
pre-acupuncture group; lanes 5-8: stress group; lanes 9-11: control group.

Data for NOS mRNA expression in adrenal gland (Figure 3)
Expression of NOS1 mRNA The ratio of NOS1 mRNA
to -actin mRNA was 0.43±0.09 in control group, 0.98±0.23
in stress group, and 0.77±0.22 in pre-acupuncture group.
There was a significant difference between pre-acupuncture
group and stress group (P<0.05), as well as between stress
group and control group (P<0.01), pre-acupuncture group
and control group (P<0.01).
Expression of NOS2 mRNA There was no expression
of NOS2 mRNA.
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Figure 4 Effects of acupuncture at Tsusanli (ST36) on gastric mucosa of stress
group (A), pre-acupuncture group (B) and control group (C).
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Figure 3 Effects of acupuncture at Tsusanli (ST36) on expression of NOS1 (A)
and NOS3 (B) in rats with stress ulcer. M: marker; lanes 1-4: pre-acupuncture
group; lanes 5-8: stress group; lanes 9-11: control group.

DISCUSSION
Studies have shown that the imbalance between NO and
ET, decreases the gastric mucosal blood flow (GBF) and
accelerates the gastric lesions[5,6]. NO has both protective
and deleterious effects on gastric mucosa by different
physiological and pathological mechanisms in various
diseases. This double effect depends on the type of NOS
involved in these pathological conditions[7].
It was reported that NO, as a neurotransmitter and a
sensory neuropeptide, takes part in the physiological and
pathological hyperemia reaction in gastric mucosa,
increases gastric mucosal blood flow, thus protecting gastric
mucosa[8,9]. Endogenetic NO plays an important role in
maintaining vascular integrity and promoting the ulcer
healing[10]. NO catalyzed by NOS, can function both as a
second messenger and as a neurotransmitter, and also
performs numerous physiological functions as an effective

Sun JP et al. S T36 on cold stress ulcer

molecule. In pathological status, superfluous NO can increase
vascular permeability, neuron decrease, neurotransmitter
release and transitive obstacle, thus affecting organic
physiological functions[11,12]. The damage of NO to gastric
mucosa indicates, that higher concentrations of NO exhibit
toxic effects through nitrosative and oxidative stress. The
mechanism responsible for water immersion stress-induced
gastric lesions in aged is related with the activity decrease
of NOS in gastric mucosa[13].
Three types of NOS including neuronal NOS (NOS1),
inducible NOS (NOS2) and endothelial NOS (NOS3) have
been identified[14,15].
NOS1 is primarily expressed in neural cells and relates
to many physiological functions of the central nervous
system, such as synapse plasticity, neural regeneration, nerve
conduction, neural development, and neuroendocrine
regulation[16,17] . NOS2, also known as inducible NOS is
typically expressed only after induction by pro-inflammatory
cytokines and /or lipopolysaccharide (LPS). In a wide variety
of pathological conditions, there is a notable biosynthesis
of large quantities of NO, due to the increased expression
of NOS2[18-20]. Both NOS2 and COX2 result in stress of
rats[21]. NOS3 is primarily expressed in endothelial cells.
Both NOS1 and NOS3, also named as constitutive NOS
(cNOS), are expressed in physiological status. NO catalyzed
by NOS, mainly functions as a second messenger and a
neurotransmitter. cNOS are related with gastric mucosa
protection and the process of ulcer healing, In contrast,
NOS2 affects the ulceration[22-24].
Stress could cause mucosal damage and increase
vascular permeability. NOS inhibitor can aggravate these
kinds of changes. L-arginine or endotoxin lipopolysaccharide
can restrain the increase of vascular permeability[25,26]. In
contrast, some studies reported that L-NAME (a nonspecific
inhibitor of NOS) can delay mucosal lesions[27] by depressing
bile acid secretion and ulcer index in stomach[28].
Results from the present studies, show that cold stress
can differently affect NOS in hypothalamus. Acupuncture
regulation for NOS is also different.
There was no significant difference in NOS1 in hypothalamus
between stress group and control group, suggesting that
NOS1 does not take part in stress reaction.
NOS1 expression in pre-acupuncture group was higher
than that in control and stress groups, suggesting that
puncturing Tsusanli (ST36) can upregulate the expression
of NOS1, leading to synthesizing more NO, and protecting
gastric mucosa against the damage induced by cold stress.
Different from NOS1, cold stress caused high expression
of NOS3 compared to control group. Moreover, acupuncturing
Tsusanli (ST36) could inhibit high expression of NOS3,
suggesting that the mechanism of acupuncture in inhibiting
NOS3 is different from NOS1. Acupuncturing Tsusanli
(ST36) can, in part, downregulate the expression of NOS3,
instead of those previously completely inhibiting its injurious
expression. The above results are different from reported.
Whether the peripheral reaction of NOS3 is different from
that in central reaction needs to be confirmed.
The results of this study also showed that NOS in
adrenal gland did not play a role as in hypothalamus. NOS3
takes part in the pathological process of cold stress ulcer,
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both in adrenal gland and in hypothalamus. Acupuncture
can decrease the expression of NOS3. Although it can only
be decreased in part, there is no statistical difference. The
difference is that NOS1 takes part in the pathological stress
process in adrenal gland. Acupuncture can down-regulate
the pathological reaction.
The present experimental results display that NOS2 is
highly expressed in hypothalamus, which is induced by cold
stress. High expression of NOS2 leads to pathological
changes in gastric mucosa[29,30] . Acupuncturing Tsusanli
(ST36) can depress the overexpression of NOS2, thus leading
to the protection of the body against injury. Studies have
demonstrated that the expression of NOS2 is markedly
upregulated after ulceration.
In the present study, we have confirmed that NOS2
participates in the pathological stress reaction, whereas NOS1
does not. NOS3 also participates in the pathological stress
reaction, which is different from the previous reports[31,32].
It was reported that NOS1, NOS2, and NOS3 affect the
healing of gastric ulcer[3].
In conclusion, NOS2 and NOS3 in hypothalamus
participate in the pathological process of cold stress ulcer.
Acupuncturing Tsusanli (ST36) can modulate the expression
of NOS1 upward and depress the expression of NOS2
and NOS3, thus playing a role in protecting gastric mucous.

ACKNOWLEDGMENTS
The authors thank Drs. Yi-Ming Mu and Ming Li for their
help and advice.
REFERENCES
1

2

3

4

5

6

7
8

9

10

Masood A, Banerji B, Vijayan VK, Ray A. Pharmacological
and biochemical studies on the possible role of nitric oxide in
stress adaptation in rats. Eur J Pharmacol 2004; 493: 111-115
McLeod TM, Lopez-Figueroa AL, Lopez-Figueroa MO. Nitric oxide, stress, and depression . Psychopharmacol Bull 2001;
35: 24-41
Dixit C, Rastogi L, Dikshit M. Effect of nitric oxide modulators on pylorus-ligation-induced ulcers in the rat. Pharmacol
Res 1999; 39: 33-39
Guth PH, Aures D, Paulsen G. Topical aspirin plus HCI
ga st ri c l es i on s i n th e r a t . Cyt op rot ec ti v e ef fec t of
prostaglandin, cimetidine, and probanthine. Gastroenterology
1979; 76: 88-93
Zhang GF, Chen YR, Zhang MA . Nitrogen monoxide,
endothelins and injury in gastric mucous membrane. Weichang
Bingxue He Ganbingxue Zazhi 1999; 8; 293-296
Brzozowski T, Konturek PC, Konturek SJ, Sliwowski Z,
Drozdowicz D, Stachura J, Pajdo R, Hahn EG. Role of prostaglandins generated by cyclooxygenase-1 and cyclooxygenase2 in healing of ischemia-reperfusion-induced gastric lesions.
Eur J Pharmacol 1999; 385: 47-61
Cho CH. Current roles of nitric oxide in gastrointestinal
disorders. J Physiol Paris 2001; 95: 253-256
Salomone S, Caruso A, Cutuli VM, Mangano NG, Prato A,
Amico-Roxas M, Bianchi A, Clementi G. Effects of adrenomedullin on the contraction of gastric arteries during reserpine-inducegastd ric ulcer. Peptides 2003; 24: 117-122
Mohanakumar KP, Thomas B, Sharma SM, Muralikrishnan
D, Chowdhury R, Chiueh CC. Nitric oxide: an antioxidant
and neuroprotector. Ann N Y Acad Sci 2002; 962: 389-401
Ma L, Chow JY, Liu ES, Cho CH. Cigarette smoke and its
extract delays ulcer healing and reduces nitric oxide synthase
activity and angiogenesis in rat stomach. Clin Exp Pharmacol

4966

11

12

13

14
15

16
17

18

19

20

21

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Physiol 1999; 26: 828-829
Mishra OP, Delivoria-Papadopoulos M. Nitric oxide-mediated Ca++-influx in neuronal nuclei and cortical synaptosomes of normoxic and hypoxic newborn piglets. Neurosci
Lett 2002; 318: 93-97
Xie Z, Wei M, Morgan TE, Fabrizio P, Han D, Finch CE,
Longo VD. Peroxynitrite mediates neurotoxicity of amyloid
beta-peptide1-42- and lipopolysaccharide-activated microglia.
J Neurosci 2002; 22: 3484-3492
Goto H, Tachi K, Hisanaga Y, Kamiya K, Ohmiya N, Niwa Y,
Hayakawa T. Exacerbatory mechanism responsible for water
immersion stress-induced gastric lesions in aged rats compared with young rats. Clin Exp Pharmacol Physiol 2001; 28:
659-662
Bolanao JP, Almeida A. Roles of nitric oxide in brain hypoxia-ischemia. Biochim Biophys Acta 1999; 1411: 415-436
Barrachina MD, Panes J, Esplugues JV. Role of nitric oxide in
gastrointestinal inflammatory and ulcerative diseases: perspective for drugs development. Curr Pharm Des 2001; 7: 31-48
Drew B, Leeuwenburgh C. Aging and the role of reactive
nitrogen species. Ann N Y Acad Sci 2002; 959: 66-81
Sanchez S, Martin MJ, Ortiz P, Motilva V, Herrerias JM,
Alarcon de la Lastra C. Role of prostaglandins and nitric
oxide in gastric damage induced by metamizol in rats. Inflamm
Res 2002; 51: 385-392
Higuchi Y, Hattori H, Hattori R, Furusho K. Increased neurons containing neuronal nitric oxide synthase in the brain of
a hypoxia-ischemic neonatal rat model. Brain Dev 1996; 18:
369-375
Wada K, Chatzipanteli K, Busto R, Dietrich WD. Role of
nitric oxide in traumatic brain injury in the rat. J Neurosurg
1998; 89: 807-818
Chavez AM, Morin MJ, Unno N, Fink MP, Hodin RA. Acquired interferon gamma responsiveness during Caco-2 cell
differentiation: effects on iNOS gene expression. Gut 1999;
44: 659-665
Madrigal JL, Garcia-Bueno B, Moro MA, Lizasoain I, Lorenzo
P, Leza JC. Relationship between cyclooxygenase-2 and nitric
oxide synthase-2 in rat cortex after stress. Eur J Neurosci 2003;
18: 1701-1705

22

23

24

25

26

27

28

29

30

31

32

Science

August 28, 2005

Volume 11

Number 32

West SD, Helmer KS, Chang LK, Cui Y, Greeley GH, Mercer
DW. Cholecystokinin secretagogue-induced gastroprotection:
role of nitric oxide and blood flow. Am J Physiol Gastrointest
Liver Physiol 2003; 284: G399-410
Brzozowska I, Konturek PC, Brzozowski T, Konturek SJ,
Kwiecien S, Pajdo R, Drozdowicz D, Pawlik M, Ptak A, Hahn
EG. Role of prostaglandins, nitric oxide, sensory nerves and
gastrin in acceleration of ulcer healing by melatonin and its
precursor, L-tryptophan. J Pineal Res 2002; 32: 149-162
Ohta Y, Nishida K. L-arginine protects against stress-induced
gastric mucosal lesions by preserving gastric mucus. Clin Exp
Pharmacol Physiol 2002; 29: 32-38
Hsieh JS, Wang JY, Lin SR, Lian ST, Chen FM, Hsieh MC,
Huang TJ. Overexpression of inducible nitric oxide synthase
in gastric mucosa of rats with portal hypertension: correlation with gastric mucosal damage. J Surg Res 2003; 115:
2 4 -3 2
Araki H, Komoike Y, Matsumoto M, Tanaka A, Takeuchi K.
Healing of duodenal ulcers is not impaired by indomethacin
or rofecoxib, the selective COX-2 inhibitor, in rats. Digestion
2002; 66: 145-153
Fan YP, Chakder S, Gao F, Rattan S. Inducible and neuronal
nitric oxide synthase involvement in lipopolysaccharde-induced sphincteric dysfunction. Am J Physiol 2001; 280: G32-42
Chen M, Luo HS, Tong QY, Chen JH, Li XZ. Effects of pyloric
local CGRP and NO on bile reflux in rat stomach with stress
ulcer. Shijie Huaren Xiaohua Zazhi 2004; 12: 2131-2134
Chen K, Hirota S, Wasa M, Okada A. Expression of NOS II
and its role in experimental small bowel ulceration in rats.
Surgery 1999; 126: 553-561
Calatayud S, Ramirez MC, Sanz MJ, Moreno L, Hernandez
C, Bosch J, Pique JM, Esplugues JV. Gastric mucosal resistance to acute injury in experimental portal hypertension. Br
J Pharmacol 2001; 132: 309-317
Nishida K, Ohta Y, Ishiguro I. Preventive effect of teprenone
on stress-induced gastric mucosal lesions and its relation to
gastric mucosal constitutive nitric oxide synthase activity.
Pharmacol Res 1999; 39: 325-332
Li Y, Wang WP, Wang HY, Cho CH. Intragastric administration of heparin enhances gastric ulcer healing through a nitric
oxide-dependent mechanism in rats. Eur J Pharmacol 2000;
Editor
Wang XL and Guo SY Language Editor Elsevier HK
399: 205-214

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

EL SEVIER

World J Gastroenterol 2005;11(32):4967-4973
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BASIC RESEARCH •

IFN- increases efficiency of DNA vaccine in protecting ducks
against infection
Jian-Er Long, Li-Na Huang, Zhi-Qiang Qin, Wen-Yi Wang, Di Qu
Jian-Er Long, Li-Na Huang, Zhi-Qiang Qin, Wen-Yi Wang,
Di Qu, Department of Molecular Virology, Shanghai Medical College,
Fudan University, Shanghai 200032, China
Jian-Er Long, Shanghai Institute of Medical Genetics, Shanghai
Children’s Hospital, Shanghai Jiaotong University, Shanghai 200040,
China
Supported by the Major State Basic Research Development
Program of China, 973 Program, No. G2002CB512803; the National
Natural Science Foundation of China, No. 30070693; the Science
and Technology Foundation of Shanghai, No. 02DJ14002
Correspondence to: Dr. Di Qu, Department of Molecular Virology,
Shanghai Medical College, Fudan University, 138 Fenglin R. Shanghai
200032, China. dqu@shmu.edu.cn
Telephone: +86-21-54237524
Received: 2004-11-15 Accepted: 2005-01-26

DHBpreS/S DNA than in other groups.
CONCLUSION: DHBV preS/S DNA vaccine can protect
ducks against DHBV infection, DuIFN- gene as an immune
adjuvant enhances its efficacy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To detect the effects of DNA vaccines in combination
with duck IFN- gene on the protection of ducks against
duck hepatitis B virus (DHBV) infection.
METHODS: DuIFN- cDNA was cloned and expressed in
COS-7 cells, and the antiviral activity of DuIFN- was
detected and neutralized by specific antibodies. Ducks
were vaccinated with DHBpreS/S DNA alone or coimmunized with plasmid expressing DuIFN-. DuIFN-
mRNA in peripheral blood mononuclear cells (PBMCs) from
immunized ducks was detected by semi-quantitative
competitive RT-PCR. Anti-DHBpreS was titrated by
enzyme-linked immunosorbent assay (ELISA). DHBV DNA
in sera and liver was detected by Southern blot
hybridization, after ducks were challenged with high doses
of DHBV.
RESULTS: DuIFN- expressed by COS-7 was able to
protect duck fibroblasts against vesicular stomatitis virus
(VSV) infection in a dose-dependent fashion, and antiDuIFN- antibodies neutralized the antiviral effects. DuIFN-
in the supernatant also inhibited the release of DHBV DNA
from LMH-D2 cells. When ducks were co-immunized with
DNA vaccine expressing DHBpreS/S and DuIFN- gene as
an adjuvant, the level of DuIFN- mRNA in PBMCs was
higher than that in ducks vaccinated with DHBpreS/S
DNA alone. However, the titer of anti-DHBpreS elicited by
DHBpreS/S DNA alone was higher than that co-immunized
with DuIFN- gene and DHBpreS/S DNA. After being
challenged with DHBV at high doses, the load of DHBV in
sera dropped faster, and the amount of total DNA and
cccDNA in the liver decreased more significantly in the
group of ducks co-immunized with DuIFN- gene and

INTRODUCTION
An estimated 350 million people are chronically infected
with hepatitis B virus (HBV). Cytotoxic T lymphocytes
(CTLs) play a critical role in the clearance of HBV from
patients by lysis of virus-infected hepatocytes[1]. However,
IFN- and TNF- have been shown to inhibit HBV
replication in HBV transgenic mice, without lysing infected
hepatocytes[2,3]. An in vitro model in which lymphocytes from
HBsAg positive patients are co-cultured with HBV replicating
hepatocytes, shows that the secretion of IFN- from
lymphocytes inhibits HBV replication[4]. Consequently, in
addition to enhancing the cytotoxicity of CTLs, IFN- also
mediates the non-cytolytic inhibition of HBV replication,
and shows its significance in the host defense against HBV
infection and recovery from virus infection.
Recombinant woodchuck IFN- up-regulates MHC class
I molecule transcription, but hardly inhibits or clears
woodchuck hepatitis virus replicating intermediates and
RNAs in persistently infected woodchuck primary
hepatocytes [5]. However, treatment of primary duck
hepatocytes with recombinant duck IFN- can inhibit
DHBV replication in a dose-dependent manner[6]. The role
of IFN- in hepadnavirus infection is still controversial.
DHBV and HBV share common genomic and structural
features, with an envelope surrounding a spherical
nucleocapsid that contains a similar viral DNA genome in
terms of size, structure, and organization. This is why
DHBV-infected ducks have become a useful animal model
to explore the molecular mechanism of host defense against
HBV infection[7-9]. Animals immunized with antigen and
IFN- gene develop Th1-biased immune responses, and it
has been reported that IFN-, as a genetic adjuvant has
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stronger effects on the nature of immune response in
neonates than in adults[10]. To date, whether IFN- inhibits
DHBV replication in vivo has not been reported. Whether
DNA vaccine protects ducks against DHBV infection is
still controversial[11-14]. To test the function of IFN- as an
immune adjuvant and to validate the efficacy of DHBV
vaccines, ducks were immunized with the mixture of plasmid
expressing DHBV preS/S protein and IFN-. The results
support the view that DuIFN- inhibits DHBV replication
and increases the protective efficacy of DNA vaccines
expressing DHBV preS/S protein.

Under microscope, the cytopathic effects (CPE) were
observed and MTT was added for another 8 h. MTT could
be degraded by mitochondrial enzymes and developed blue
color. Consequently, the optical density could indicate the
course of virus infection and cellular pathogenesis [17].
DuIFN- titers were expressed as reciprocals of the
dilutions that resulted in 50% protection against virus-induced
cell CPE. The role of DuIFN- in protecting cells against
virus infection also was confirmed by specific IgG of antiDuIFN- provided by Dr. C.J. Burrel (University of
Adelaide, Australia).

MATERIALS AND METHODS
Animals and cells
Cherry valley ducks (Anas platyrhynchos) were supplied by
Breeding Center of Shanghai Institute of Veterinary Medical
Sciences, China. Duck embryo fibroblasts were prepared
as previously described[15] , and maintained in Dulbecco’s
Modified Eagle’s Medium (DMEM) containing 2 mmol/L
glutamine, 100 U/mL penicillin and streptomycin,
supplemented with 2% duck sera (prepared from DHBV-free
ducks and filtered through a 0.22 m membrane) and 8%
fetal calf sera (FCS). COS-7 cells were cultured in DMEM
containing 10% FCS. LMH-D2, a chicken hepatoma cell
line and a gift from Dr. William S. Mason (Fox Chase
Cancer Center), was incubated in DMEM/F12 medium
supplemented with 2% chicken sera and 8% FCS.

Treatment of LMH-D2 cells with DuIFN-
LMH-D2 cells were seeded at 1×106 cells/flask at 37 ℃ in
50 mL/L CO2, and incubated with 10% of recombinant
DuIFN- supernatant (titrated as 47-48) or the same volume
of supernatant derived from transfected pcDNA3.1
vector. After the culture supernatant was collected, fresh
DMEM/F12 was refilled everyday or every other day, the
collected culture supernatant was centrifuged at 5 000 r/min
×10 min, and 5 L of the supernatant was spotted onto
positively charged nylon membranes and the DHBV DNA
was detected by dot hybridization.

Separation of duck PBMCs and amplification of DuIFN- mRNA
by RT-PCR
Blood was taken from adult ducks and diluted by an equal
volume of heparinized PBS. PBMCs were separated with
Ficoll as described previously[16], 5×106 PBMCs in 1 mL of
RPMI 1 640 supplemented with 10% FCS were transferred
into 24-well plates and stimulated with PHA at 10 mg/mL
for 24 h. Total RNA was extracted from PBMCs with
TRIzol reagent (Gibco BRL, USA) and 4 g of total RNA
was reverse transcribed into cDNA by Superscript IITM and
hexamer random primer (Gibco BRL). The sequences of
sense and anti-sense primers are 5-CGCCGGATCCATGACTTGCCAGACCTACTGCTT-3 and 5-CGCCGATATCTCATTAACATCTGCATCTCTTTGG-3. cDNA
of DuIFN- was amplified for 30 cycles at 94 ℃ for 5 min,
94 ℃ for 1 min, 54 ℃ for 1 min, and at 72 ℃ for 2 min.
Expression of recombinant DuIFN- in COS-7 cells
For expression of recombinant DuIFN-, the amplified
DuIFN- DNA fragment was cloned into eukaryotic
expression vector pcDNA3.1 (Invitrogen) at the EcoRV/
BamHI sites. Transfection was performed by the method
of calcium phosphate precipitation. At 72 h post-transfection,
the culture supernatant were harvested and centrifuged to
remove the cell debris.
Titration of recombinant DuIFN-
Duck embryo fibroblasts were seeded into 96-well plates
and incubated in the presence of serial four-fold dilution
of DuIFN- in the supernatant. After 12 h incubation, the
cells were challenged with VSV at 100 TCID50 for 36 h.

Subcloning of DHBV-preS/S gene into eukaryotic expression
vector and detection of gene expression in COS-7 cells
The full length of DHBV genome clone (pCMV-DHBV9)
was also a gift from Dr. William S. Mason. DHBV preS/S
gene was subcloned into pcDNA3.1 with AflII/EcoRI
restriction sites introduced by PCR primers. The sequences
of sense and antisense primers are 5-CGCCTTAAGATGGGGCAACATCCAGCAAAATC-3 and 5-CGCGA ATT C AGT T TATT C T TAT T CC TA ACT C T T- 3 ,
respectively. The subcloned DHBV preS/S gene was
transfected into COS-7 cells by calcium phosphate
precipitation. The expressed protein was detected by indirect
immunofluorescence (IMF) staining with mAb against
DHBV-preS/S protein as previously described[11]. A reporter
gene secreting alkaline phosphatase (SEAP) [18] was
transfected into COS-7 cells simultaneously for detection
of the efficacy.
Vaccination protocol
Three-day-old ducks were vaccinated intramuscularly in
the quadriceps anterior muscle. DHBpreS/S DNA and
DuIFN- DNA were extracted with a kit (QIAGEN Mega
DNA extracted kit) following the manufacturer’s instructions.
All ducks were grouped. Group 1 was vaccinated with
plasmid pcDNA3.1-DHBpreS/S at 200 g/duck, group 2
with DHBpreS/S DNA at 200 g and plasmid pcDNA3.1DuIFN- at 200 g/duck, group 3 was injected with an
equal volume of PBS. The same procedure for DNA
vaccination was repeated after 4 wk.
Detection of mRNA of DuIFN- in PBMCs after being stimulated
with DHBsAg by competitive RT-PCR
Competitive RT-PCR method has been described[19]. Briefly,
-actin gene functioned as a housekeeping gene. Competitive
internal control (IC) was constructed by deleting the partial
segment of DuIFN- cDNA using a pair of specific PCR
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primers. The sequences of sense and anti-sense primers
are 5-GGATGTAGCTGATGGCAATCC-3 and 5TCATTAACATCTGCATCTCTTTGGGACAGTTCCACGAGGTC-3, respectively. The sequence of anti-sense
primer for amplification of the target segment of DuIFN-
cDNA is 5-TCATTAACATCTGCATCTCTTTGG-3
(partial sequences of anti-sense primer for IC), and the
sequence of sense primer is the same as the one used for
constructing IC. After peripheral blood was separated using
Ficoll, PBMCs were transferred into 24-well plates at 5×106
cells/well, and then stimulated with purified DHBsAg at
1 g/mL for 24 h. IC (1.25×10 -5 g/mL) was used to
quantify the samples. The conditions of amplification
were at 94 ℃ for 4 min, 94 ℃ for 1 min, 60 ℃ for 45 s,
at 72 ℃ for 1 min. In the next five cycles, the temperature
for annealing was decreased at 1 ℃ per cycles and another
25 cycles were performed at 94 ℃ for 1 min, 55 ℃ for
45 s, 72 ℃ for 1 min, at 72 ℃ for 10 min.
Serological assay
DHBV preS protein was expressed in E.coli and 100 L of
purified protein (1 g/mL) was coated on 96-well
microdilution plates at 4 ℃ overnight. Non-specific sites
were blocked with 200 L skim milk (Shanghai Guangming
Milk Co., Ltd) in PBS-0.05% Tween 20. The plates were
incubated with 2-fold serially diluted serum sample and then
with 100 L of HRP-goat anti-duck immunoglobulin Y at
1/1 000 dilution (KPL). The color was developed by
substrate of TMB system in darkness for 15 min and
terminated by 50 L 2 N H2SO4. The optical density at
450 nm (A450) was read on an automatic ELISA reader.
The antibody titer in each serum sample was defined as the
highest serum dilution that resulted in S/N>3 (S for A450
of serum sample, N for A450 of control normal duck serum
sample at the same dilution).
Viral challenge and DHBV DNA assay
All vaccinated ducks were boosted again at wk 7, vaccinated
ducks were challenged with DHBV at a high-titer dosage
(1.0×10 10 DHBV DNA genomes/mL) at wk 13. The
volume for injection was adjusted according to the body
weight of ducks: volume (mL) = weight (g)×7%×10%. The
ducks were cannulated via the jugular vein. Blood samples
were collected before virus challenge and at 1, 5, 15, 30,
45, 60, 90, 120 min post-challenge. After being challenged
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with virus for 5 d, the ducks were killed and livers were
taken out for extraction of DHBV DNA. DHBV DNA in
sera and liver was detected by Southern blot as previously
described [20].The whole DHBV genome from pCMVDHBV9 was used as DNA template for producing specific
probes labeled by [-32 P] dCTP with a random primer.

RESULTS
Expression of recombinant DuIFN- in vitro and biological
assay
Monolayer of duck embryo skin fibroblast cells was
incubated with the supernatant from recombinant plasmid
pcDNA3.1-DuIFN- transfected COS-7 cells, and then
infected with VSV at 100 TCID50. The results indicated
that the supernatant from pcDNA3.1-DuIFN- transfected
cell culture could protect the duck embryo fibroblast cells
against VSV infection, while the supernatant from pcDNA3.1
transfected cells showed no antiviral effect (Figure 1A). The
protective effect was dose-dependent. The antiviral effect
of DuIFN- in the supernatant was titrated in a series of
four-fold dilution, and titer was expressed as 47-48 (Figure 2
and Table 1). The antiviral activity of the supernatant from
pcDNA3.1-DuIFN- transfected cells could be neutralized
by anti-DuIFN- (Figure 1B), indicating that recombinant
DuIFN- played a role in the control of viral infection.
Inhibition of the DHBV replication by DuIFN-
For investigation of anti-DHBV effect of recombinant
DuIFN-, LMH-D2 cells continuously producing DHBV,
were incubated with the supernatant from pcDNA3.1DuIFN- transfected cells, culture fluid was collected
everyday or every other day. DHBV in the supernatant
was spotted on the nylon membrane and detected by
hybridization with a DHBV DNA probe. The results showed
that the amount of DHBV DNA decreased dramatically
1 d after treatment with DuIFN- and the anti-DHBV effect
lasted for 4 d, while no anti-DHBV effect of recombinant
DuIFN- on the supernatant from pcDNA3.1 transfected
cell culture was observed. After treatment for 4 d, no
apparent difference was observed between cells treated with
the recombinant DuIFN- and the control supernatant
(Figure 3). The results demonstrated that the recombinant
DuIFN- temporally inhibited the DHBV replication in
LMH-D2 cells.

Table 1 CPE inhibition assay to quantify recombinant DuIFN-
IFN-
(Diluted by log4)

CPE
(Four wells)

Average
of CPE

1

0, 0, 0, 0

0

2

0, 0, 0, 0

0

3

1, 0, 0, 0

4

Inhibition
of CPE

Accumulation of
inhibitory CPE

Accumulation
of CPE

Inhibition
of CPE

Inhibition
of CPE (%)

4.00

27.25

0

27.25/27.25

100

4.00

23.25

0

23.25/23.25

100

0.25

3.75

19.25

0.25

19.25/19.50

98.70

0, 1, 0, 0

0.25

3.75

15.50

0.50

15.50/16.00

96.90

5

1, 0, 1, 0

0.50

3.50

11.75

1.00

11.75/12.75

92.20

6

1, 1, 2, 3

1.75

2.25

8.25

2.75

8.25/11.00

75

7

1, 2, 2, 1

1.50

2.50

6.00

4.25

6.00/10.25

58.50

8

2, 1, 2, 3

2.00

2.00

3.50

6.25

3.50/9.75

35.90

9

3, 3, 3, 2

2.75

1.25

1.50

9.00

1.50/10.50

14.30

10

3, 4, 4, 4

3.75

0.25

0.25

12.75

0.25/13.00

1.90
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Figure 2 Morphology of normal duck fibroblasts (A) and cytopathic effect
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Figure 3 Effects of recombinant DuIFN- on release of DHBV DNA from LMH-D2
cells.

(CPE) of duck fibroblasts when infected with VSV (B).

(Table 2 and Figure 4). The effects were more significant at
wk 5 and 7 post-immunization (P<0.01), the ratios of
DuIFN- T/IC were 2.51±0.11 and 1.81±0.10 in group 2,
1.96±0.17 and 1.26±0.11 in group 1, 1.33±0.11 and
0.94±0.04 in group 3 at wk 5 and 7, respectively. These
results suggested that DuIFN- mRNA transcription of duck
PBMCs was enhanced by DuIFN- as an immuno-adjuvant
co-immunized with DNA vaccines.

Table 2 Detection of DuIFN-mRNA of PBMCs from ducks after
immunization (mean±SD)
Immunized
groups
Group 1 (DHBpreS/S DNA)

Effects of DuIFN- as adjuvant of DNA vaccine on DuIFN-
mRNA transcription in duck PBMCs
Three-day-old ducks were immunized with plasmids
expressing DHBV-preS/S gene alone (group 1) or expressing
DHBV-preS/S gene and DuIFN- DNA (group 2), or PBS
alone (group 3), and boosted at wk 4 and 7 after the first
immunization. The blood was taken and separated
PBMCs were incubated with purified DHBsAg at 1 g/mL
for 24 h. The cellular total RNA was extracted and
DuIFN- mRNA was quantified by competitive RT-PCR.
The ducks co-vaccinated with plasmids expressing DHBVpreS/S and DuIFN- showed a higher ratio of DuIFN-
T/IC (1.56±0.08) than those immunized with plasmid
expressing DHBV-preS/S alone (the ratio is 1.29±0.09), or
normal ducks (0.92±0.06) 3 wk after immunization (P<0.05)

Ratio of DuIFN-/IC (weeks after first vaccination)
1 wk

3 wk

1.10±0.06 1.29±0.09

5 wk
a,b

1.96±0.17

7 wk
a,b

1.26±0.11a,b

Group 2
(DHBpreS/S DNA+DuIFN-) 1.15±0.08 1.56±0.08b

2.51±0.11b 1.81±0.10b

Group 3 (PBS)

1.33±0.11

a

1.04±0.03 0.92±0.06

0.94±0.04

P<0.05 vs group 2; bP<0.01 vs group 3.

Effects of DuIFN- as an adjuvant of DNA vaccine on antiDHBpreS antibody responses in ducks
Anti-DHBpreS antibody responses in immunized ducks were
detected by ELISA after the first vaccination (Figure 5), the
titers of anti-DHBpreS antibody increased gradually after
boost at wk 4 and 7. The titer of anti-DHBpreS in ducks
vaccinated with DHBV preS/S DNA alone, gradually
increased to 27.4-2 10.6 from wk 4 to wk 13, and was higher
than that in ducks co-immunized with plasmid expressing

Ratio (IFN-T/C)
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Figure 5 Anti-DHBpreS antibody responses following DNA immunization of
DHBV-free ducks.

DuIFN- and DHBV preS/S DNA, whose titer of antiDHBpreS was 2 5.6-2 8.8 from wk 4 to wk 13. The results
showed that DHBV vaccine expressing DHBV preS/S
induced antibody responses, but DuIFN- DNA downregulated the elicitation of IgY against DHBV preS.
Clearance of viremia in vaccinated-ducks after being
challenged with DHBV
To investigate the role of DuIFN- as an adjuvant of DNA

vaccines in protecting ducks against DHBV infection, 6 wk
after the second boost, the vaccinated ducks were challenged
with a high dose of DHBV according to their body weight
(7.0×10 10/kg). The peripheral blood was collected from
ducks at different time points after being challenged to detect
DHBV DNA. The results showed that ducks co-vaccinated
with plasmids expressing DuIFN- and DHBV preS/S had
a stronger competence to remove DHBV from bloodstream
than ducks immunized with DHBV preS/S DNA alone
(Figure 6). After DHBV challenge, more than 50% of
DHBV DNA in the blood of co-vaccinated ducks was
removed in 5 min, whereas DHBV DNA in the ducks
immunized with DHBV preS/S DNA alone decreased only
a little in 45 min, and DHBV in both groups was undetectable
at the last observation time point (120 min after virus
challenge). As a viral infection control, the ducks immunized
with PBS did not show significant viremia clearance in
120 min. We further detected the DHBV in liver 5 d after
the challenge. Although total and ccc DHBV DNA could
be detected in the liver, DHBV DNA was much lower in
the ducks co-immunized with DuIFN- DNA than that in
ducks injected only with DHBV preS/S DNA or PBS. The
results indicated that DNA vaccine expressing DHBV preS/S
protein enhanced the ability of ducks to exclude the DHBV
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from bloodstream and remove the DHBV from liver. The
capability of ducks was much more significantly upregulated
by co-immunization with DuIFN- DNA than simple
immunization with DHBV preS/S DNA (Figure 7).

Plasmid Duck32 Duck33 Duck11 Duck13 Duck22 Duck23 t/min

pg
-5

100
50
25

1
5
15
30
45

12.5
6.25
3.125

60
90
120

Figure 6 Exclusion of DHBV from bloodstream in DNA-vaccinated ducks
following challenge with viruses.

Duck number
S P 33 32 23 22 13 11

3 kb →

Figure 7 Detection of DHBV cccDNA in ducks’ liver tissues after being challenged
with high dose of DHBV. S: Full length fragment of DHBV genome, 3.0 kb. P:
Positive control ducks infected DHBV.

DISCUSSION
IFN- plays a critical role in the host defense against virus
infection. It was reported that IFN- regulates immune
responses and induces strong Th1 biased responses, which
are weak in persistent infection and immune tolerance[21-23].
Transfer of specific CTLs to HBV transgenic mice could
inhibit HBV replication in a non-cytolytic way and the CTL
capacity of inhibiting HBV infection contributes to IFN-
and TNF-[2,3]. The efficacy of IFN- in inhibiting HBV
replication is also observed by Suri et al.[4]. Lu et al.[5] showed
that woodchuck IFN- in vitro upregulates the expression
of MHC class I molecules, but does not inhibit the
formation of WHV intermediates. Schultz and Chisari.[6],
reported that duck IFN- inhibits DHBV replication in a
dose-dependent fashion. In the present study, we found
that recombinant duck IFN- could inhibit the release of
DHBV from LMH-D2 cells, suggesting that duck IFN-
can inhibit DHBV replication.
It has been reported that cytokines function as an efficient
immuno-adjuvant, when animals are immunized with DNA
vaccines[24-26], but it is unknown whether DuIFN- gene also
enhances the activity of DNA vaccine in protecting ducks
against DHBV infection. Whether DNA vaccine expressing
DHBV preS/S protein elicits neutralizing antibodies is still
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controversial. Triyatni et al. [11], reported that, DNA vaccine
expressing DHBV preS/S induces high titer anti-DHBV
preS/S, but shows less protection against virus infection
than plasmid pCI/Amp expressing DHBV S protein.
Plasmids expressing DHBV preS/S elicits high neutralizing
antibodies and the protection could be transferred to
offsprings through specific IgY[12-14]. We have also proved
the protective efficacy of DNA vaccine expressing DHBV
preS/S, and showed that it could promote DuIFN- mRNA
transcription of duck PBMCs and quicken the removal of
virus from bloodstream and inhibit virus replication in liver,
after being challenged with high titer viruses, when the
plasmid expressing DuIFN- functioned as an immunoadjuvant.
Little is known about the specific mechanism of
DuIFN- enhancing the protective capacity of DNA
vaccine. Since the titer of anti-DHBpreS elicited by DHBV
preS/S DNA vaccine was down-regulated by DuIFN- in
the present study, the affinity of antibody against antigen
may be enhanced and more Th1 cytokines are induced to
take effects synergistically. Furthermore, the number and
killing capacity of specific cytotoxic lymphocytes could also
increase. Further studies are necessary to clarify these
important issues.
Thermet et al.[27], have shown that DHBV preS/S DNA
vaccine has some protective activity and early administration
of anti-DHBV drugs such as lamivudine, significantly
increases the protection and clears virus from chronic
infection patient. However, it was not the case in our
experiments and no significant differences were observed
in virus-carriers between non-vaccinated and vaccinated
ducks, including the ducks co-administered with plasmid
expressing DuIFN- (data not shown). Many factors may
affect the efficacy of vaccines, such as pathway of vaccination,
DNA dosage and protocol. It is possible that the antigens in
different pathways of vaccination recruit different antigen
presenting cells. If the co-stimulatory signals are lost,
immune tolerance but not viral clearance occurs[28-30]. When
animals are vaccinated at different growth phases, their
ability to respond to antigens is significantly different. Also
the distribution of the same antigen may affect the pathway
of antigen presentation, which might be the reason, why
viral antigen in circulating bloodstream cannot be cleared
by host itself but DNA vaccines expressing antigen induces
the efficacy of immune protection and exclude the viruses,
when host is re-infected. Consequently, there is a long way
to go for defining the molecular mechanism of DNA
immunization and developing efficient vaccines.

REFERENCES
1

2

3

4

Bertoletti A, Maini M, Williams R. Role of hepatitis B virus
specific cytotoxic T cells in liver damage and viral control.
Antiviral Res 2003; 60: 61-66
Guidotti LG, Ishikawa T, Hobbs MV, Matzke B, Schreiber R,
Chisari FV. Intracellular inactivation of the hepatitis B virus
by cytotoxic T lymphocytes. Immunity 1996; 4: 25-36
Guidotti LG, Rochford R, Chung J, Shapiro M, Purcell R,
Chisari FV. Viral clearance without destruction of infected
cells during acute HBV infection. Science 1999; 284: 825-829
Suri D, Schilling R, Lopes AR, Mullerova I, Colucci G, Williams R, Naoumov NV. Non-cytolytic inhibition of hepatitis B

Long JE et al. IFN- protects ducks against infection

5

6

7
8

9
10

11

12

13

14

15

16

17

virus replication in human hepatocytes. J Hepatol 2001; 35:
790-797
Lu M, Lohrengel B, Hilken G, Kemper T, Roggendorf M. Woodchuck gamma interferon upregulates major histocompatibility complex class I transcription but is unable to deplete woodchuck hepatitis virus replication intermediates and RNAs in
persistently infected woodchuck primary hepatocytes. J Virol
2002; 76: 58-67
Schultz U, Chisari FV. Recombinant duck interferon-gamma
inhibits duc k hepatiti s B virus replica tion i n prima ry
hepatocytes. J Virol 1999; 73: 3162-3168
Cova L, Zoulim F. Duck hepatitis B virus model in the study
of hepatitis B virus. Methods Mol Med 2004; 96: 261-268
Jilbert AR, Botten JA, Miller DS, Bertram EM, Hall PM,
Kotlarski J, Burrell CJ. Characterization of age- and doserelated outcomes of duck hepatitis B virus infection. Virology
1998; 244: 273-282
Jilbert AR, Kotlarski I. Immune responses to duck hepatitis
B virus infection. Dev Comp Immunol 2000; 24: 285-302
Pertmer TM, Oran AE, Madorin CA, Robinson HL. Th1 genetic adjuvants modulate immune responses in neonates. Vaccine 2001; 19: 1764-1771
Triyatni M, Jilbert AR, Qiao M, Miller DS, Burrell CJ. Protective efficacy of DNA vaccines against duck hepatitis B virus
infection. J Virol 1998; 72: 84-94
Rollier C, Sunyach C, Barraud L, Madani N, Jamard C, Trepo
C, Cova L. Protective and therapeutic effect of DNA-based
immunization against hepadnavirus large envelope protein.
Gastroenterology 1999; 116: 658-665
Rollier C, Charollois C, Jamard C, Trepo C, Cova L. Maternally transferred antibodies from DNA-immunized avians
protect offspring against hepadnavirus infection. J Virol 2000;
74: 4908-4911
Rollier C, Charollois C, Jamard C, Trepo C, Cova L. Early
life humoral response of ducks to DNA immunization against
hepadnavirus large envelope protein. Vaccine 2000; 18: 309130 96
Schultz U, Kock J, Schlicht HJ, Staeheli P. Recombinant duck
interferon: a new reagent for studying the mode of interferon
action against hepatitis B virus. Virology 1995; 212: 641-649
Long JE, Huang LN, Wang WY, Cheng MJ, Wen YM, Yuan
ZH, Qu D. Cloning and Expression of Chinese Duck Interferon-gamma Gene. Shengwuhuaxue Yu Shengwuwuli Xuebao
2001; 33: 707-712
Berg K, Hansen MB, Nielsen SE. A new sensitive bioassay for

4973

18

19

20

21

22
23

24

25

26

27

28
29
30

precise quantification of interferon activity as measured via
the mitochondrial dehydrogenase function in cells (MTTmethod). APMIS 1990; 98: 156-162
Berger J, Hauber J, Hauber R, Geiger R, Cullen BR. Secreted
placental alkaline phosphatase: a powerful new quantitative
indicator of gene expression in eukaryotic cells. Gene 1988; 66:
1-10
Long JE, Huang LN, Qin ZJ, Wang WY, Cheng MJ, Qu D.
Qua nti ta ti o n of IFN- mRNA i n duc k PBMC a nd Its
Application. Zhonghua Chuanranbing Zazhi 2003; 23: 529-533
Moraleda G, Wu TT, Jilbert AR, Aldrich CE, Condreay LD,
Larsen SH, Tang JC, Colacino JM, Mason WS. Inhibition of
duck hepatitis B virus replication by hypericin. Antiviral Res
1993; 20: 235-247
Tsai SL, Sheen IS, Chien RN, Chu CM, Huang HC, Chuang
YL, Lee TH, Liao SK, Lin CL, Kuo GC, Liaw YF. Activation of
Th1 immunity is a common immune mechanism for the successful treatment of hepatitis B and C: tetramer assay and
therapeutic implications. J Biomed Sci 2003; 10: 120-135
Infante-Duarte C, Kamradt T. Th1/Th2 balance in infection.
Springer Semin Immunopathol 1999; 21: 317-338
Jacobson Brown PM, Neuman MG. Immunopathogenesis of
hepatitis C viral infection: Th1/Th2 responses and the role of
cytokines. Clin Biochem 2001; 34: 167-171
Sasaki S, Takeshita F, Xin KQ, Ishii N, Okuda K. Adjuvant
formulations and delivery systems for DNA vaccines. Methods 2003; 31: 243-254
Leclercq S, Harms JS, Oliveira SC. Enhanced efficacy of DNA
vaccines against an intracellular bacterial pathogen by genetic adjuvants. Curr Pharm Biotechnol 2003; 4: 99-107
Chow YH, Chiang BL, Lee YL, Chi WK, Lin WC, Chen YT,
Tao MH. Development of Th1 and Th2 populations and the
nature of immune responses to hepatitis B virus DNA vaccines can be modulated by codelivery of various cytokine
genes. J Immunol 1998; 160: 1320-1329
Thermet A, Rollier C, Zoulim F, Trepo C, Cova L. Progress in
DNA vaccine for prophylaxis and therapy of hepatitis B.
Vaccine 2003; 21: 659-662
Kiefer F, Vogel WF, Arnold R. Signal transduction and costimulatory pathways. Transpl Immunol 2002; 9: 69-82
Dennert G. Elimination of virus-specific cytotoxic T cells in
the liver. Crit Rev Immunol 2002; 22: 1-11
Sebille F, Vanhove B, Soulillou JP. Mechanisms of tolerance
induction: blockade of co-stimulation. Philos Trans R Soc Lond
B Biol Sci 2001; 356: 649-657

Science Editor Wang XL and Guo SY Language Editor Elsevier HK

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

EL SEVIER

World J Gastroenterol 2005;11(32):4974-4978
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BASIC RESEARCH •

Time-dependent viscoelastic properties along rat small intestine
James B Smith, Jing-Bo Zhao, Yan-Ling Dou, Hans Gregersen
James B Smith, Yan-Ling Dou, Hans Gregersen, Institute of
Experimental Clinical Research, Aarhus University, Denmark
Jing-Bo Zhao, Hans Gregersen, Center of Excellence in Visceral
Biomechanics and Pain, Aalborg Hospital and Center of SMI, Aalborg
University, Aalborg, Denmark
Yan-Ling Dou, Department of Gastroenterology, China-Japan
Friendship Hospital, Beijing 100029, China
Supported by the Karen Elise Jensens Foundation and the Danish
Technical Research Council
Correspondence to: Dr. Hans Gregersen, MD, MSc, Director
and Professor, Center of Excellence in Visceral Biomechanics and
Pain, Aalborg Hospital, Hobrovej 42 A, Aalborg DK-9100,
Denmark. hag@smi.auc.dk
Telephone: +45-99322064 Fax: +45-98133060
Received: 2004-12-01 Accepted: 2005-01-26

Abstract
AIM: To measure the time-dependent (viscoelastic)
behavior in the change of the small intestinal opening
angle and to test how well the behavior could be described
by the Kelvin model for a standard linear solid.
METHODS: Segments from the duodenum, jejunum, and
ileum were harvested from 10 female Wistar rats and
the luminal diameter, wall thickness, and opening angle
over time ((t)) were measured from rings cut from these
segments.
RESULTS: Morphometric variations were found along the
small intestine with an increase in luminal area and a
decrease in wall thickness from the duodenum to the
ileum. The opening angle obtained after 60 min was
highest in the duodenum (220.8±12.9°) and decreased
along the length of the intestine to 143.9±8.9° in the
jejunum and 151.4±9.4° in the ileum. The change of
opening angle as a function of time, fitted well to the
Kelvin model using the equation (t)/o = [1-exp (-t)]
after the ring was cut. The computed creep rate  did not
differ between the segments. Compared to constant
calculated from pig aorta and coronary artery, it showed
that  agreed well (within 5%),  was three times larger
than that for vascular tissue, and  ranged ±40% from
the value of the pig coronary artery and was a third of
the value of pig aorta.
CONCLUSION: The change of opening angle over time
for all the small intestine segments fits well to the standard
linear spring-dashpot model. This viscoelastic constant
of the rat small intestine is fairly homogenous along its
length. The data obtained from this study add to a base
set of biomechanical data on the small intestine and
provide a reference state for comparison to other tissues,

diseased intestinal tissue or intestinal tissue exposed to
drugs or chemicals.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The small intestine, like other hollow organs such as heart,
blood vessels, bladder and urethra, is functionally subjected
to dimensional changes depending on active and passive
biomechanical properties. Hence, the biomechanical
properties of the small intestine are of particular functional
importance.
Most of the data relating to the mechanical aspects of
the gastrointestinal (GI) tract deal with motility patterns,
flow rates, peristaltic reflexes, and tone in sphincter
regions[1-7]. Data in the literature pertaining to the passive
mechanical properties of small intestine are concerned with
the length-tension relationship in circular and longitudinal
tissue strips in vitro[8-11], the compliance[12], and the stress-strain
relationship of the intact wall[13,14] . These studies have
provided valuable information on some mechanical
properties of small intestinal tissue and the distensibility of
the intact intestinal wall. However, we still lack a complete
database of mechanical parameters to fulfill detailed
biomechanical analysis of small intestinal physiology.
In biomechanical analysis, it is important to determine
the stress-free state as the reference for the strain analysis.
Residual stress and strain are the internal stress and strain
that reside in the organ when external forces are removed
(the no-load state). Residual strain has been demonstrated
in the small intestine[15-18]. Residual stress reduces transmural
stress and strain variations at physiological loads in biological
tissues and hence may optimize the mechanical function.
The opening angle is commonly used to characterize residual
stresses in hollow organs, such as the cardiovascular system
and the GI tract. When a hollow organ is cut into rings
perpendicular to the central axis, and the rings are then cut
radially, the rings will open over a period of time into sectors.
When the opening angle has reached a final, static angle,
the tissue is considered to have attained a “zero-stress state”.
Since zero-stress configuration serves as the reference state
for computing stress and strain under physiological or
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pathophysiological conditions, knowing it is essential in any
mechanical analysis. It was reported that the opening angle
of rat small intestine reached steady state opening angles
after 30-60 min[15-18].
Viscoelastic properties have been described for the
normal and diseased human rectum using pressure data[19,20].
The viscoelastic behavior of the intestinal wall during diabetes
has been investigated by Zhao et al.[21]. However, information
is lacking in the time-dependent course of the opening angle.
The gradual increase of opening angle over time, until
reaching steady sate is defined as creep and reflects the
viscoelastic properties of the organ wall. The aims of the
current study were: (1) to provide the data on the morphometry
of the small intestine in rats, (2) to study the time-dependent
changes of the opening angle (creep) along the length of
the intestine and (3) to model this relationship based on the
assumption that the small intestine behaves like a standard
linear solid and derives viscoelastic constants to allow for
comparison with other tissue types in the literature.

MATERIALS AND METHODS
Sample preparation
Ten female Wistar rats weighing 220-240 g were included
in this study. The rats were anesthetized with pentobarbital
sodium (50 mg/kg ip). Following laparotomy, the calcium
antagonist, papaverine (60 mg/kg) was injected into the
lower thoracic aorta through an iv cannula (22 G/25 mm),
in order to abolish contractile activity in the GI tract. Once
muscular relaxation was achieved, three 6 cm long segments
were harvested from the duodenum, jejunum and ileum.
The duodenum was taken from the descending part starting
1 cm from the pylorus, the jejunum from 5 cm distal to the
ligament of Treitz, and the ileum from 5 cm proximal to
the ileo-cecal valve. The residual contents in the lumens
were gently cleared using saline and the segments were then
placed immediately into cold Krebs solution containing 6%
dextran and 10-2 moL MgCl and aerated with a gas mixture
(95% O2 and 50 mL/L CO2, pH 7.4) for 30 min.
From the proximal end of each segment, rings of 1-2 mm
in length were cut for the morphometric measurement and
zero-stress state experiment. Each ring was placed into a
separate Petri dish filled with cold Krebs solution as
mentioned above. The rings were placed into the dishes
with a portion of the ring running between two metal pins
planted into the surface of the dish in order to assist in
keeping the rings upright after opening. Three successive
rings from each of the three intestinal segments were
arranged in series and the rings were cut radially opposite
to the mesentery (at 90° relative to the horizontal plane)
with a pair of microsurgery scissors, while in the solution.
Successive rings were cut open, each after 5 min. Each
series of rings was filmed using a video camera (SONY
CCD Camera, Japan) and a videocassette recorder for later
analysis.
Data analysis
The morphometric data were obtained from digitized images
captured from videocassette at 10, 20, 30, 40, 50 s, 1, 2, 3,
4, 10 min, and every 5 min afterwards until 60 min after
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the initial cut (Optimas 5.2 image capture software, Optimas
Corp., USA). Measurements of inner diameter (d), wall
thickness (w), and opening angle () were made using
dedicated software (Sigmascan 4.1, Jandel Scientific). The
opening angle  was defined as the angle subtended by two
radii drawn from the midpoint of the inner wall to the
inner tips of two ends of the specimen (Figure 1). The
measured data were used to model the change of opening
angle as a function of time, primarily by fitting the observed
data to the Kelvin model for a standard linear solid
(Figure 2). Thus, the data were fitted to the exponential
function[22]
 (t )   o 1   e   t 

(1)

where o = asymptotic steady state value of the opening
angle,  =the creep rate (s-1), t = time after the initial cut
(s), = the creep fraction (nondimensional).
This equation relates to the Kelvin body as follows. In
the model,  1 and  2 are spring constants and  1 is a
coefficient of viscosity. By letting
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where e=relaxation time for constant strain, = relaxation
time for constant stress, ER = relaxed elastic modulus.
We obtained the equation describing this model:
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We defined
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The empirical constants  and  could then be used to
plot predicted creep curves and for comparison with other
tissues.
For most rings, the opening angle reached 90% of its
maximum value in 45 min. Subsequently, the opening angle
data were normalized by the angle at 45 min before fitting
the data to the exponential function. In order to take this
normalization into account, the equation modeling a standard
linear solid was modified as follows. Taking Equation (1)
and letting  (45 min)=o, we have
 (t )
1
 1   e   t  .
 (45 min)  

d

(5)



w

No-load state

Zero-stress state

Figure 1 Schematic diagram of wall thickness (w), inner diameter (d), and
opening angle () for a ring radially cut into a sector.
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The empirical constants , , and  were calculated for
the data obtained in this study and are presented in Table 2.

1

1

F

u1

u1

F

0
u

Figure 2 Kelvin body, a mechanical model for a standard linear solid viscoelastic
material. 1 and 0 are spring constants; 1 is a coefficient of viscosity; u is the
displacement including u1 for dashpot and u1’ for spring; F is the sum of the force.

Statistical analysis
The data were representative of a normal distribution and
results were subsequently expressed as mean±SE. Analysis
of variance (ANOVA) was used to test for the differences
in the viscoelastic constants (, , and  ) for the various
intestinal segments (Sigmastat 2.0TM). In case of significance,
data were evaluated in pairs by a multiple comparison
procedure (Student-Newman-Keuls method). If the
normality test or the equal variance test failed, KruskalWallis one-way analysis of variance on ranks was used.
P<0.05 was considered statistically significant.

RESULTS
Morphometry data
Seventy-eight intestinal rings, and 30 duodenal, 18 jejunal,
and 30 ileal rings were obtained from 10 rats. There were
fewer jejunal rings because the jejunum was implemented
in the study after the fourth rat was completed. This was
done in order to obtain a more complete dataset. The highest
wall thickness of 0.88±0.03 mm was found in the
duodenum. The wall thickness decreased to 0.72±0.06 mm
in jejunum and 0.66±0.02 mm in ileum (Table 1, P<0.05).
The biggest inner diameter was in the ileal rings and the
smallest in the jejunal rings (Table 1, P<0.05). The maximum
opening angle was achieved within 60 min, and it was highest
in the duodenum (220.8±12.9°) and decreased along the
length of small intestine (Table 1, P<0.01).

Angle (45 min)

211.1±17.2

128.5±10.1

Angle (60 min)

220.8±12.9

143.9±8.9b

Ileum
b

145.9±9.2

b

151.4±9.3b

Lumen diameter (mm)

0.86±0.03

0.73±0.04a

0.89±0.03

Wall thickness (mm)

0.88±0.03

0.72±0.06a

0.66±0.02b

a

P<0.05, bP<0.01 vs duodenum.
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Figure 3 Changes of opening angle and normalized opening angle as function
of time.

Actual vs predicted data (rat 10)

1.2
Normalized opening angle
(angle/angle at 45 min)

Jejunum

Volume 11

300

0

Table 1 Average opening angle at 45 and 60 min and maximal
luminal area and wall thickness for rings cut from rat duodenum,
jejunum, and ileum from rat intestine (mean±SE)
Duodenum
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angle as function of time (creep) are shown in Figure 3.
The opening angles became bigger as function of time.
The opening angle was significantly bigger in the duodenal
rings than in the other two segmental rings at all time points
(Figure 3 top, P<0.01). However, the opening angles did
not differ between the jejunal and ileal rings (Figure 3 top,
P>0.05). After the opening angle data were normalized by
the angle at 45 min, the normalized opening angles as
function of time did not differ between the duodenal, jejunal
and ileal rings (Figure 3 bottom, P>0.05).
The empirical constants , , and  from a standard
linear model analysis did not differ between the different
segments (Table 2, P>0.05). Experimental data and predicted
data are shown in Figure 4. The solid points represent
experimental data of (t)/(45 min), and the hollow points
represent calculated values of (t)/o using the empirical
constants ,  , and  . It showed that the predicted creep
curves agreed well with data obtained from this study.

Opening angle (degrees)

ISSN 1007-9327

Normalized opening angle
(angle/angle at 45 min)
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Figure 4 Experimental data and predicted data in rat 10.
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Table 2 Standard linear solid coefficients determined for duodenum,
jejunum, and ileum of rat small intestine (mean±SE)




 (s–1)

R2

Duodenum
Jejunum

0.954±0.023
0.978±0.017

0.710±0.013
0.779±0.012

1.04×10–3±1.09–04
1.29×10–3±1.05–04

0.989
0.992

Ileum

1.005±0.013

0.720±0.012

1.63×10–3±1.33–04

0.992

DISCUSSION
The time-dependent change of the intestinal opening angle
reflects viscoelastic properties (creep). The major finding
in this study is that the opening angles at all time points are
bigger in the duodenum than in the jejunum and ileum in
the normal rats. The change of opening angle for all the
small intestine segments showed a slow creep phase and the
behavior fitted well to the standard linear spring-dashpot
model. The empirical constants , , and  calculated from
the standard linear solid model did not differ among the
three intestinal segments. Furthermore, we have confirmed
previous data that both opening angle and the wall thickness
decrease from the duodenum to the ileum, whereas the
lumen area increases.
Axial variations of morphometric parameters of small intestine
Our results and previous study [15] has demonstrated
substantial axial variations of the morphometric parameters.
A decrease in wall thickness is in line with findings in prior
studies[24]. Several zero-stress state studies have been done
in the GI tract[15-18]. All GI studies done so far showed that
the rings open into sectors when cut radially. When radial
cuts are made, the duodenal rings are more likely to turn
inside out producing large opening angles and therefore
indicate a larger residual strain than the jejunal and ileal
rings[15]. From a mechanical point of view, a large residual
strain may be a natural way of efficiently resisting luminal
pressures. Thus, it is likely that the compressed duodenal
mucosa may be better protected against injury from pressure
changes produced by frequent contractions and the luminal
contents ejected at intervals from stomach. In contrast, the
less compressed ileal mucosa represents a region under a
relatively lower and stable pressure.
Creep of opening angle of intestinal segments
Creep occurs when the material is suddenly stressed and
the stress is maintained constant. Hence, the material
continues to deform[25]. Creep is a feature of viscoelasticity
that is found in most materials including those in the GI
tract. Mechanical models, such as the Maxwell model, the
Voigt model, and the Kelvin model (also called the standard
linear solid)[25,26] are often used to describe the visco-elastic
behavior of materials. We assumed that the intestine was a
standard linear solid and described the change of opening
angles of intestine as function of time using this model. A
slow creep phase was found and the behavior fitted well to
the standard linear spring-dashpot model. Bharucha et al.[27],
developed a technique to assess quasi-static colonic P-V
curves in the human descending colon and demonstrated
that colonic P-V curves approximate to a power exponential
function and are reproducible within subjects. In the present

study, the experimental data also fit to the exponential
function[22]. The predicted creep curves were plotted using
the empirical constants , , and  calculated for standard
linear solid model. The constants were relatively similar for
all three intestinal segments, indicating that the viscoelastic
properties of the rat small intestine are fairly homogenous.
This is consistent with the relaxation data of normal small
intestine reported by Zhao et al.[21], (unpublished data). Using
these constants, it was also found that (t)/o reached 95%
of the full amplitude after 35 min for the duodenum and
jejunum and after 30 min for the ileum. The data obtained
from this study add to a base set of morphometric and
biomechanical data on the small intestine. These data also
provide a reference state for comparison to other tissues,
diseased intestine or intestine exposed to drugs or chemicals.
Comparison to other studies
The research by Han and Fung[22] on the pig aorta showed
that the opening angle reaches 95-98% of the steady-state
value after 10-15 min. The constants , , and  obtained
in the present study were compared to those calculated from
work done by Han and Fung[22] and Frobert et al.[23], for pig
aorta and coronary artery (Table 3). The results for  agreed
very well,  was three times larger than that for vascular
tissue and  ranged ±40% of the value found by Frobert
et al.[23], for the pig coronary artery and was a third of the
value that was found by Han and Fung[22] for the pig aorta.
It is likely that the differences are caused by structural
differences between tissues[25]. Studies using enzymatic
digestion of structural components have been carried out on
the zero-stress state analysis of the cardiovascular system[28].
Similar studies may shed more light on the viscoelastic
properties of different tissue components in the intestine.
In conclusion, the geometric parameters and biomechanical
properties of the different segments of small intestine are
different. The results obtained from this study add to a
base set of morphometric and biomechanical data on the
small intestine. The data obtained in this study provide a
reference state for future comparison to other tissues,
diseased intestinal tissue or intestinal tissue exposed to drugs
or chemicals.

Table 3 Comparison of standard linear solid coefficients obtained in
this study and from the literature
Rat
duodenum

Rat
jejunum



0.954

0.978


 (s–1)

0.710
1.04×10–3

0.779
1.29×10–3

Rat
ileum

Pig
aorta[22]

Pig coronary
artery[2 3]

1.005

0.981

0.971

0.720
1.63×10–3

0.263b
3.31×10–3b

0.274 b
1.17×10–3

b

P<0.01 vs rat intestine.
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Abstract
AIM: To investigate the role of CXCL16 in the pathogenesis
of immunological liver injury and to explore the possible
mechanism of T lymphocyte infiltration regulated by CXCL16.
METHODS: Immunological liver injury in murine model was
induced by Bacille Calmette-Guerin and lipopolysaccharide.
Expression pattern and distribution of CXCL16 were examined
by real-time quantitative RT-PCR and immunohistochemical
analysis. Anti-CXCL16 antibody was administrated in vivo
to investigate its effect on T-cell recruitment and acute
hepatic necrosis. The survival of murine model was also
evaluated.
RESULTS: The murine immunological liver injury model
was successfully established. CXCL16 expression increased
and predominantly distributed in periportal areas and
vascular endothelia in injured liver tissues. Administration
of anti-CXCL16 Ab protected the mice from death and
acute liver damage. Approximately 70% of the mice survived
for 72 h in the anti-CXCL16 Ab treatment group, whereas
80% died within 72 h in control Ab group. The number of
liver-infiltrating T lymphocytes was significantly reduced
from 1.01×107 to 3.52×106/liver, compared with control
Ab treatment.
CONCLUSION: CXCL16 is involved in immunological liver
injury by regulating T lymphocyte infiltration in liver tissue.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Immunological liver injury is a key pathological change in
liver disease, with a high mortality rate and histopathologically
characterized by diffuse intrahepatic infiltration of inflammatory
cells with massive multilobular necrosis. The details of the
mechanisms involved in immunological liver injury remain
to be elucidated. It was reported that injection of a small
dose of lipopolysaccharide (LPS) into mice primed with
Bacille Calmette-Guerin (BCG) causes lethal acute hepatic
necrosis[1], mimicking fulminant hepatic failure. There is
evidence that activated macrophages and T lymphocytes
are essential for the induction of liver damage[2-5].
The current paradigm of T lymphocytes recruited to
the inflamed liver is a multiple-step model, which describes
the sequence of tethering/rolling, firm adhesion, and
diapedesis/extravasation[6,7]. The chemokine family is a small
secreted protein, that directs migration of various types of
leukocytes and is involved in inflammatory and immunological
processes including lymphocyte homing, angiogenesis and
enhancement of cytotoxic T lymphocyte (CTL) responses[8,9].
Chemokines have been classified into four subfamilies, C,
CC, CXC and CX3C, based on the motif formed by the
conserved cysteine residues in the N-terminal region. The
selective interaction of chemokines and their receptors in
part contributes to the specificity by which leukocyte subsets
might be preferentially determined[10,11].
CXCL16, with its structure similar to that of FKN[12] ,
containing both membrane-anchored and soluble forms, is
a ligand for CXC chemokine receptor 6 (CXCR6), which is
expressed on natural killer T (NKT) cells, and type 1polarized, activated CD4+ and CD8+ T cells. CXCL16 is
markedly expressed in lung, small intestine and kidney, and
weakly expressed in liver [13-18] . Because the pathological
characteristics of immunological liver injury are associated
with T-lymphocyte infiltration, and CXCL16 is chemotactic
for T-lymphocyte migration to the liver tissue damage[4,5,19-21],
we could reason that CXCL16 might play a crucial role in
the pathogenesis of immunological liver injury. In the present
study, we investigated the expression pattern and distribution
of CXCL16, and studied the role of CXCL16 in liver Tcell infiltration, and the effect of anti-CXCL16 antibody
on the pathogenesis of immunological liver injury.
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MATERIALS AND METHODS
Mice
Specific pathogen-free BALB/c mice (6-7 wk old) obtained
from Shanghai Animal Center of Chinese Academy of
Sciences (Shanghai, China) were bred in pathogen-free
conditions and allowed free access to food and water.
Reagents
LPS (Escherichia coli 055:B5) was purchased from Sigma
(St. Louis, MO). BCG was from Institute of Biological
Product (Shanghai, China). Rat immunoglobulin (goat IgG)
was gifted by Dr. XL Wang. Rat anti-mouse CXCL16 mAb
(clone 142417, rat IgG2a) was obtained from R&D
systems. PE-labeled anti-CD4 mAb and FITC-conjugated
anti-CD8 mAb were obtained from PharMingen (San
Diego, CA, USA). TRIzol RNA extraction kit was
purchased from Gibcol. All other chemicals used were of
analytical grade.
Induction of liver injury by BCG and LPS
BCG was suspended in pyrogen-free physiological saline.
To induce liver injury, mice were primed with intravenous
injection of BCG (5×107 viable bacilli) via tail veins. After
12 d, they were given an intravenous injection of LPS
(7.5 g/mouse) suspended in pyrogen-free phosphatebuffered saline (PBS). To examine the effect of anti-CXCL16
antibodies on BCG-LPS-induced liver injury, monoclonal
anti-CXCL16 antibody (0.2 mg/mouse) or nonimmune rat
isotype IgG (0.2 mg/mouse) was administered intravenously
1-2 h before LPS challenge. Mice were killed to collect sera
and liver specimens, and stored at -70 ℃ until use. Survival
rate was determined 72 h after the LPS challenge.
Determination of serum alanine transferase (ALT)
Serum was collected for the measurement of ALT levels at
various time points after LPS challenge.
Histology
Liver specimens were fixed in 10% neutrally buffered
formalin and embedded in paraffin. Deparaffinized thin
sections from each paraffin block were stained with hematoxylin
and eosin for histologic examination and analyzed by light
microscopy.
Analysis of specific gene expression in liver tissue by realtime quantitative RT-PCR
Total RNA was isolated from liver specimens using TRIzol,
according to the manufacturer’s instructions. The specific
mRNA level was quantified by real-time quantitative PCR using
a LightCycler instrument (Roche Molecular Biochemicals,
Germany) with the DNA binding dye SYBR Green I as
described with minor modifications[22] . The sense primer
for CXCL16 was 5’-AAC CAG GGC AGT GTC GC-3’,
and the antisense primer was 5’-AGG CAA ATG TTT TTG
GTG G-3’ (position: 79-342). The sense primer for -actin
was 5’-GCT ACA GCT TCA CCA CCA CAG-3’, and the
antisense primer was 5’-GGT CTT TAC GGA TGT CAA
CGT C-3’ (position: 590-877). Expression of mRNA was
normalized by -actin. In brief, external standards were

August 28, 2005

Volume 11

Number 32

plasmids containing CXCL16 gene fragment (and -actin).
Plasmid DNA was purified and quantified photometrically
and serially diluted. One microgram total RNA was reverse
transcribed to cDNA. One microliter cDNA or external
standard was added to capillary to a final reaction volume
of 20 L. The primer final concentration was adjusted to
0.5 mol/L. The amplification conditions were initial
denaturation at 95 ℃ for 30 s, 45 cycles at 95 ℃ for 0 s, at
60 ℃ for 3 s, at 72 ℃ for 12 s. Melting curve analysis was
performed at the end of amplification. The acquisition
temperature for the fluorescence signal was adjusted to 84 ℃.
PCR products were electrophoresed on 2% agarose gels
and photos were taken under ultraviolet light to identify
their specificity and sensitivity.
Immunohistochemistry
Experiments were conducted on frozen sections as described
in detail elsewhere[23]. Sections were incubated with primary
antibody, and then with HRP-conjugated anti-rat IgG
antibodies. After being visualized using DAB containing 0.01%
hydrogen peroxide and counterstained with hematoxylin,
sections were microscopically examined. Control sections
were treated with omission of the primary antibody.
Preparation of intrahepatic infiltrating leukocytes and FACS
analysis
Liver-infiltrating leukocytes were prepared as previously
described[24]. In brief, livers were taken from mice, pressed
through the nylon mesh, and suspended in 2% fetal calf
serum (FCS). The cell suspension was treated with Percoll
density (1.09) gradient centrifugation. Mononuclear cells
(MNCs) were isolated from parenchymal hepatocytes by
centrifugation at 2 500 r/min for 30 min. The pellet was
washed thrice in DMEM and resuspended in 10% FCSDMEM. Flow cytometric immunofluorescence analysis of
liver-infiltrating cells was performed with FACS calibur (BD
Corp.). In brief, 4×105 cells were incubated with a PE-labeled
anti-CD4 Ab and FITC-conjugated anti-CD8 Ab or FITCconjugated anti-CD3 Ab at 4 ℃ for 30 min after washing
twice with PBS solution.
Statistical analysis
All statistical calculations were performed using GraphPad
PRISMTM (Graphpad Software Inc.). The survival rates were
analyzed using the log-rank test. Student’s t test was used to
test for significance. P<0.05 was considered statistically
significant.

RESULTS
Establishment of immunological liver injury model in mice
BCG treatment alone induced MNC infiltration into hepatic
lobes and formed granuloma (Figure 1B). Subsequent LPS
challenge in BCG-primed mice induced diffuse infiltration
of MNCs and multilobular hepatocellular necrosis in liver
tissue (Figure 1C). The ALT level dramatically increased in
BCG-primed mice after LPS challenge (Figure 2) compared
to BCG treatment alone (P<0.05). All these data confirmed
that the murine immunological liver injury model was
successfully conducted.
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Figure 1 Pathological examination showing granuloma formation with BCG
administration and hepatocellular necrosis followed by LPS injection. H&E staining
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3 000

BCG+LPS

Figure 2 Levels of serum ALT in mice. The serum ALT levels of mice (n = 5
at each group) were measured as described in Materials and methods. Data
represent mean±SD. aP<0.05 vs BCG-primed mice.

c

40
30
20
10
0

0
Normal BCG alone

a

50
CXCL 16/-actin

Serum ALT (IU/L)

4 000

of cross-sections of normal liver (A), 12 d after BCG injection (B) and BCGprimed mice sequentially challenged with LPS (C). Bars = 20 m.
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Figure 3 Detection of CXCL16 mRNA in the injured liver by real-time quantitative
RT-PCR analysis. Total RNA was isolated from the liver tissues at the different
group as indicated and then reverse transcribed with reverse transcriptase and
amplified by real-time quantitative PCR specific for CXCL16. Amplification of -actin
by same approach was used as control. The results represent three independent
experiments. aP<0.05 vs normal mice, cP<0.05 vs BCG-primed mice.

Expression pattern and distribution of CXCL16 in murine
injured liver model
Total RNA were isolated from liver tissue of normal, BCGtreated and BCG-primed mice after LPS challenge. CXCL16
mRNA was quantified by real-time quantitative PCR. CXCL16
was expressed in BCG-primed mice and strongly upregulated
after LPS challenge, compared to that in normal liver tissue
(Figure 3). These results suggested that upregulation of
CXCL16 expression might be associated with liver injury.
Immunohistochemical analysis further showed that
expression of CXCL16 in the liver significantly increased
after LPS challenge in BCG-primed mice, compared to that
in normal mice (Figure 4). CXCL16 was predominantly
distributed in periportal area, hepatic sinusoids and vascular
endothelia (Figure 4).

cell surface expressions of CD3, CD4 and CD8 in the
infiltrated MNCs were analyzed using a flow cytometer.
The results revealed that the CD4+ T lymphocyte population
increased from 0.92% to 2.93%, and further increased to
11.2% in BCG-primed mice after LPS challenge. CD8+ T
lymphocyte population also increased from 0.16% to 1.56%,
and reached 2.35% after LPS challenge (Figure 5A). The
total absolute number of T lymphocytes increased from
0.399×106 to 3.179×106/liver and reached 1.01×107/liver in
BCG-primed mice injected with LPS (Figure 5B). These
findings demonstrated that T lymphocytes might be involved
in the pathogenesis of immunological liver injury.

Infiltration of T lymphocytes in injured liver tissue
To investigate the characteristics of circulating T lymphocyte
recruitment and infiltration in immunological liver injury,

Anti-CXCL16 antibody increased survival of mice with
immunological liver injury
Neutralizing anti-CXCL16 antibody could protect mice

4982

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Volume 11

Number 32

B

104
CD4 PerCP

103

0

104

1.56%
0

1

10

B

BCG+LPS

104

2.93%

10

102
CD8 PE

10

2

10
CD8 PE

3

10

104
a

12.5

Normal
BCG alone

0

101

102
CD8 PE

103

104

Figure 5 Analysis of liver-infiltrating CD4+ and CD8+T lymphocytes population
in liver injury induced by BCG and LPS. Mice were primed with BCG and
sequentially challenged by LPS, 12 d after priming. MNCs derived from normal
(without any treatment, open bars); BCG-primed (horizontal bars) and BCGprimed plus LPS challenged mice (hatched bars) were harvested for FACS

against lethal liver failure induced by BCG and LPS.
Approximately 70% of the mice (n = 10) survived for 72 h,
whereas most (80%) of the mice treated with control Ab
died within 72 h (Figure 6).
Anti-CXCL16 antibody reduced infiltration of T lymphocytes
in liver injury
Infiltrated MNCs in the liver were observed and granuloma
formed after BCG treatment. The diffuse infiltration of
MNCs resulted in multilobular necrosis after LPS challenge.
To investigate the effects of anti-CXCL16 antibody on
intrahepatic infiltrating T lymphocytes, liver MNCs were
isolated and T lymphocytes were analyzed. The results
revealed that anti-CXCL16 antibody in vivo significantly
decreased the number of T-infiltrating lymphocytes from

BCG+LPS

7.5
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2.5
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analysis. A1-A 3: The CD4+ and CD8+T lymphocytes population were analyzed
with FACS; B: the absolute number of T lymphocytes was determined by
multiplying the total MNC number by the fraction of CD4+, CD8+T-lymphocytes
population. aP<0.05 vs BCG-primed mice.
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Figure 4 Immunohistochemical examination of CXCL16 expression in liver
tissue. Sections of livers were obtained from normal mice without any treatment
(A) and BCG-primed mice sequentially injected with LPS (B). CXCL16-positive
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Figure 6 Protective effect of anti-CXCL16 antibody on survival rate for murine
lethal hepatic failure. Immunological liver injury was induced by BCG and LPS
treatment and anti-CXCL16 Ab (solid line, n = 10) or control Ab (dashed line,
n = 10) was injected as indicated in Materials and methods. The anti-CXCL16
antibody significantly protected the mice from lethality ( bP<0.01 vs control Ab).
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Figure 7 Effects of anti-CXCL16 antibody on intrahepatic infiltration of T
lymphocytes and serum ALT level in the mice. Mice were primed with BCG
and sequentially challenged by LPS 12 d after priming. Anti-CXCL16 antibody
and isotype antibody were administrated into the mice, respectively. A: T
lymphocytes derived from the mice treated with either anti-CXCL16 antibody
(closed bars) or isotype antibody (hatched bars) was harvested for FACS
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analysis. The absolute number of T lymphocytes was determined by multiplying
the total MNC number by the fraction of CD3+T lymphocytes population. aP<0.05
vs control Ab treatment. B: Anti-CXCL16 antibody significantly suppressed the
elevation of serum ALT. bP<0.01 vs control Ab group. Results were obtained
from three independent experiments.

B
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Figure 8 Effect of anti-CXCL16 antibody on the formation of hepatic lesion in
liver injury induced by BCG and LPS. Sections of livers were obtained as
follows: A: The liver tissue without any treatment; B: The liver tissue of mice
primed with BCG was treated with the anti-CXCL16 Ab followed by LPS

challenge; C: The liver tissue of mice primed with BCG was treated with
nonimmune rat IgG followed by LPS challenge. An arrow shows a necrotic
lesion. Tissues were stained with H&E and examined histologically. Bars = 20 m.

1.01×107 to 3.52×106/liver in BCG-primed mice after LPS
challenge (Figure 7A, P<0.05).
Change in serum ALT levels was characteristic of the
immunological liver injury model in mice. The serum ALT
level significantly decreased, when anti-CXCL16 antibody
was applied in vivo compared to that after treatment with
control Ab. The correlation coefficient of specific Ab and
control Ab was 0.8724 (P<0.01, Figure 7B). These data
indicated that T cells might play a key role in the BCG and
LPS-induced immunological liver injury.

liver 12 d after BCG treatment, compared to the normal
mice (Figure 8A). Massive necrosis with diffuse infiltration
of MNCs was observed in the livers of BCG-primed mice
after LPS challenge (Figure 8C). In contrast, liver necrosis was
significantly reduced by anti-CXCL16 Ab administration, and
the specific Ab blocked the infiltration of MNCs infiltration
in liver lobes and portal areas (Figure 8B).

Anti-CXCL16 antibody protected mice against multilobular
necrosis in liver injury
MNCs infiltrated into liver lobes and formed granuloma in

DISCUSSION
In the present study, accumulation of T lymphocytes and
massive hepatic necrosis were found and CXCL16 was
strongly upregulated in the injured liver tissue in murine
model. Upregulation of CXCL16 might be associated with
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necrosis and liver injury. Administration of anti-CXCL16
antibody markedly inhibited the intrahepatic infiltration of
T lymphocytes, and prevented lethal hepatic failure. These
findings demonstrate that CXCL16 may play an important
role in T lymphocyte infiltration and hepatic necrosis in
immunological liver injury.
Serum ALT level is an important characteristic of hepatitis
accompanied with pathologic changes of liver. Our results
demonstrate that intravenous administration of antiCXCL16 Ab can significantly decrease serum ALT level and
hepatic necrosis, suggesting that CXCL16 plays a role in
liver injury through some mechanisms. CXCL16 is predominantly expressed on APCs, existing in both secretory and
transmembrane forms, and selectively chemoattracts CXCR6+T
lymphocytes, which are potential cytotoxic effector cells, such
as CD4+Th1, activated CD8+T cells and NKT cells[13,14]. It
was reported that these effector cells are closely associated
with massive liver injury[25-28]. These effector T lymphocytes,
perhaps accompanying other leukocytes, might be recruited
and involved in the pathogenesis of acute liver injury.
Activated CD4+T, CD8+T and NKT cells express TNF-
and FasL molecules associated with liver injury[3,15,21,29-31].
Therefore, infiltrated T lymphocytes may mediate cytotoxicity
to Fas-expressing hepatocytes and cause liver damage.
Injection of LPS activates lymphocytes and triggers the release
various soluble factors such as TNF-, IFN- and IL-1,
resulting in hepatocyte apoptosis and severe liver injury[2,31,32].
All these and sequential cytokine production are the key factors
in the pathogenesis of acute hepatic failure. Anti-CXCL16
antibody can decrease the number of intrahepatic infiltrating
T lymphocytes, especially CD4+ and CD8+T-lymphocyte
population. These might explain in part the reason, why specific
antibody can rescue mice from death. Some leukocytes,
such as neutrophils, are involved in liver injury. However,
available evidence suggests that a small dose of LPS, that
does not cause overt organ injury, can effectively inhibit
extravascular recruitment of neutrophils[33,34].
It is well known that many chemokines contribute to
chemoattraction to trafficking leukocytes during liver
inflammation[8,35,36]. However, anti-CXCL16 antibody could
significantly reduce the number of intrahepatic T lymphocytes
and liver necrosis, indicating that CXCL16 might play other
roles besides chemotactic function. There is evidence that
supports these functions[17,37]. Our experiments have confirmed
that macrophages infected with Mycobacterium tuberculosis
significantly increase the expression of CXCL16 and release
chemokines and cytokines (data not shown). CXCL16
function in macrophages needs to be further studied.
Anti-CXCL16 Ab could not completely protect mice against
death, suggesting that other chemokines or cytokines can also
induce liver injury. Recently, it was reported that chemokines
such as migration inhibitory factor, macrophage inflammatory
protein-2 and thymus and activation-regulated chemokine
are involved in the pathogenesis of liver injury [1,38,39].
Although these facts can explain in part the possible reason
why anti-CXCL16 Ab can protect mice from death, the
precise mechanism needs to be elucidated further.
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Abstract
AIM: To study the protective effect of Astragalus
membranaceus on intestinal mucosa reperfusion injury
and its mechanism after hemorrhagic shock in rats.
METHODS: A total of 32 SD rats were randomly divided
into four groups (n = 8, each group): normal group,
model group, low dosage group (treated with 10 g/kg
Astragalus membranaceus ) and high dosage group
(treated with 20 g/kg Astragalus membranaceus). The
model of hemorrhagic shock for 60 min and reperfusion
for 90 min was established. Therapeutic solution (3 mL)
was administrated before reperfusion. At the end of
the study, the observed intestinal pathology was
analyzed. The blood concentrations of lactic acid (LD),
nitric oxide (NO), endothelin-1 (ET-1), malondialdehyde
(MDA) and the activity of superoxide dismutase (SOD),
glutathione peroxidase (GSH-PX) in intestinal mucosa
were determined.
RESULTS: The intestinal mucosa pathology showed
severe damage in model group and low dosage group,
slight damage in high dosage group and no obvious
damage in normal group. The Chiu’s score in low dose
group and high dose group was significantly lower than
that in model group. The content of MDA in model group
was higher than that in low and high dose groups, while
that in high dose group was almost the same as in normal
group. The activity of SOD and GSH-PX was the lowest in
model group and significantly higher in high dose group
than in normal and low dose groups. The concentrations
of LD and ET-1 in model group were the highest. The
concentrations of NO in model group and low dose group
were significantly lower than those in high dose group
and normal group.
CONCLUSION: High dose Astragalus membranaeus has

much better protective effect on hemorrhagic shockreperfusion injury of intestinal mucosa than low dose
Astragalus membranaceus. The mechanism may be that
Astragalus membranaceus can improve antioxidative effect
and regulate NO/ET level during hemorrhagic reperfusion.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Under normal conditions , the integrity of intestinal mucosa
as a barrier, can prevent bacterial translocation[1,2]. Bacterial
and endotoxin can enter into blood across the barrier when
the intestinal mucosal barrier is demolished due to anoxia,
ischemic and reperfusion injury. It is possible to induce
systemic inflammatory response syndrome (SIRS) or multiple
organ dysfunction syndrome (MODS), leading to the
hemorrhagic shock[3-6].
Free oxygen radical is one of the major activating factors
in ischemia/reperfusion injury of intestinal mucosa[7]. The
maladjustment of NO/ET can not only aggravate oxidative
damage, but also lead to dysfunction of the microcirculation
of intestinal mucosa[8-11] . Many drugs have been tried to
palliate the ischemia-reperfusion injury of intestinal mucosa
after hemorrhagic shock[8,12,13]. However the results are still
controversial and unsatisfactory.
Astragalus membranaceus is a traditional Chinese
medicine which can improve microcirculation and has
good curative effect. The main purpose of our study was
to investigate whether Astragalus membranaceus could
protect intestinal mucosa against ischemia-reperfusion
injury after hemorrhagic shock, and to observe the effect
of Astragalus membranaceus on intestinal oxidative damage,
NO and ET levels.
MATERIALS AND METHODS
Animal experimental protocol
Approved by the University Animal Study Committee, 32
healthy male Sprague-Dawley rats (200-300 g, provided by
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Animal Center of Sun Yat-Sen University) were randomly
divided into four groups: normal group (n = 8, shamoperation, no shock and reperfusion), model group (n = 8,
with hemorrhagic shock and treated only with 3 mL normal
saline intravenously prior to reperfusion), low dose group
(n = 8, with hemorrhagic shock and treated with 10 mg/kg
Astragalus membranaceus which was five times of the human
clinical dose) and high dose group (n = 8, with hemorrhagic
shock and treated with 20 mg/kg of Astragalus membranaceus
which was 10 times of the human clinical dose). The latter
three groups were experimental groups.
Astragalus membranaceus (provided by Dioujiuhong
Pharmaceutical Co., Ltd, Chengdu, China) was diluted in 3
mL normal saline and infused intravenously for 3 min prior
to reperfusion.
Experimental model of hemorrhagic shock and resuscitation
Laboratory temperature was kept at 25-27 ℃. The rats
were anesthetized by intraperitoneal injection of urethane
(5.0 mL, 20%) after they were fasted for 24 h. Tracheotomy
was performed for ventilation. The right cervical vein was
cannulated for monitoring central venous pressure and fluid
infusion and drugs. The left carotid artery and femoral artery
were catheterized for monitoring arterial pressure. The
femoral artery was used to withdraw blood samples and to
create hemorrhagic shock model.
Preparation of hemorrhagic shock model
Hemorrhagic shock model was established by withdrawing
blood by femoral artery until mean arterial blood pressure
(MABP) reached about 5.3 kPa (40 mmHg) and maintained
for 60 min.
Rat resuscitation
Rats were administrated with 3 mL solution/drugs. Then
their blood was reinfused for approximately 5 min and
observed for 90 min. The segment samples of small
intestinal mucosa were taken. The rats were killed at the
end of the experiment.
The parameters included room temperature, rat weight
and blood loss.
Mean arterial pressure and pulse rate were recorded
every 10 min during the hemorrhagic shock and resuscitation
period.
Preparation of specimens and measurements
After successful establishment of experimental model,
the rats were killed and paunched rapidly. A segment of
0.5-1.0 cm intestine was cut from 5 cm to terminal ileum,
fixed in 4% formaldehyde polymerisatum and embedded
in paraffin for section. Another segment of small intestine
was washed with frozen saline. The intestinal mucosa
was scraped off, dried with suction paper and preserved
at -70 ℃.
The segment of small intestine was stained with
hematoxylin-eosin. The damages of intestinal mucosa were
evaluated by criteria of modified Chius method. Criteria
of modified Chiu grading system were divided into 10
subdivisions according to the changes of villus and gland
of intestinal mucosa: 0, normal villus and gland; 1, changes
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in top of villus and initial formation of subepidermal
Gruenhagen’s antrum; 2, formation of subepidermal
Gruenhagen’s antrum and slightly injured gland; 3,
enlargement of subepidermal gap and engorgement of
capillary vessel; 4, epidermis moderately isolated with lamina
propria and injured gland; 5, top villus shedding; 6, obvious
villus shedding and capillary vessel dilating; 7, lamina
propria villus shedding ,and distinct injured gland; 8, initially
decomposed lamina propria; 9, hemorrhage and ulcer.
Detection of lactic acid content in intestinal mucosa
Intestinal mucosal tissues were weighed and made into 10%
homogenate. The lactic acid content in tissues was
determined by the method of minim quick measuration
(Jiancheng Bioengineering Ltd, Nanjing, China) and the
concentration of protein was determined by Coomassie
brilliant blue. The results were expressed as mmol/gpro.
Detection of content of MDA (malondisldehyde) in intestinal
mucosa
Intestinal mucosal tissues (100 mg) were homogenized
with normal saline. MDA content was determined by TBA
method (Jiancheng Bioengineering Ltd, Nanjing, China).
Homogenate (0.1 mL) was taken to detect MDA content.
Briefly, 0.1 mL 8.1% SDS, 0.8 mL acetic acid buffer, 0.8 mL
0.8% TBA and 0.2 mL distilled water were added into the
sample tubes and one standard tube (containing 0.1 mL
tetraethoxypropane). Then all the tubes were incubated
at 100 ℃ for 1 h. After cooled at -20 ℃ for 5 min, 2 mL
n-butyl alcohol was added into the sample, which was
then vibrated for 1 min and centrifuged for 10 min at
3 000 r/min. The supernatant of the samples was taken to
detect absorbance at 533 nm with spectrophotometer
(content of MDA (nmol/100 mg) = absorbance of each
sample/absorbance of standard×dilution times).
Detection of activity of superoxide dismutase (SOD) in
intestinal mucosa
Intestinal mucosal tissues (100 mg) were weighed and made
into 10% homogenate with 0.9 mL normal saline , frozen
in refrigerator at -20 ℃ for 5 min and centrifuged for
15 min at 4 000 r/min. Supernatants were transferred into
fresh tubes for the evaluation of SOD activity. SOD activity
was evaluated with SOD detection kit according to the
manufacturer’s instructions(Kits were provided by Jiancheng
Bioengineering Ltd , Nanjing, China). SOD activity (/mL)
= (A0-A1)/A0×360×V (A0: absorbance of self-oxidation
rate per minute; A1: absorbance of each sample per minute;
V: volume of extracted tissues).
Detection of activity of glutathione peroxidase (GSH-PX) in
intestinal mucoa
Intestinal mucosal tissues (100 mg) were weighed and made
into 10% homogenate with 0.9 mL normal saline. The activity
of GSH-PX was detected according to the manufacturer’s
instructions (reagents were purchased from Jiancheng
Bioengineering Ltd, Nanjing, China). Protein of homogenates
was detected with Coomassie brilliant blue. The calculated
results were expressed by U/100 mg protein.

4988

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Detection of content of NO in intestinal mucosa
Intestinal mucosal tissues (100 mg) were weighed and made
into 10% homogenate with 0.9 mL normal saline. After
being centrifuged for 10 min at 10 000 g, the supernatants
were placed in boiling water for 3 min and then centrifuged
for 5 min at 10 000 g. Supernatant (0.1 mL) was taken for
detection, 0.2 mL 35% sulfosalicylic acid was added into
the sample to make protein deposits. The sample was
homogenized and centrifuged at 10 000 g for 10 min. The
supernatants were taken again and preserved at -20 ℃ in
refrigerator. One hundred L supernatant was detected by
indirect nitric acid deoxidized enzyme method (Kits were
provided by Jingmei Bioengineering Ltd). After 100 L
nitrate reductase was homogenized gently, the sample was
placed in water at 37 ℃ for 1 h with KNO2 standard succi
homogenized. After being placed in ambient temperature
for 10 min and with zero setting with blank tube at 530 nm
wavelength and 0.5 cm colorimetric cylinder, A value of
detection tube and standard tube was read respectively.
Detection of ET-1 concentration in intestinal mucosa
Intestinal mucosal tissues (100 mg) were weighed and
made into 10% homogenate with 0.9 mL normal saline.
Homogenate ET-1 levels were measured by radioimmunoassay (Kits were obtained from Beijing East Asian
Radioimmunoassay Technology Institute, Beijing, China).
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Changes of animals’vital signs
There was no difference in MAP and HR in four groups
before the experiment (P>0.05). The MAP in experimental
groups was maintained at 5.33 kPa (40 mmHg), but the
HR decreased during hemorrhage shock period. There was
no significant difference after resuscitation in experimental
group (P>0.05, Table 2).
Changes of intestinal mucosa under light microscope
The villus and glands were normal and no inflammatory
cell infiltration was observed in mucosal epithelial layer
in normal group. Severe edema of mucosa villus and
infiltration of necrotic epithelial and inflammatory cells
were found, indicating that damage was severe in model
group. Light edema of mucosa villus and infiltration of
few necrotic epithelial inflammatory cells were found in
mucosa epithelial layer in low dosage group. No significant
edema and necrotic mucosa villus were observed, but
infiltration of a few inflammatory cells in mucosal epithelial
layzer was found in high dosage group, which was also the
same as those in normal intestinal mucosa (Figures 1-4).

Statistical analysis
Data were expressed as mean±SD and analysis of variance
was performed using SPSS10.0 software. One-way analysis
of variance was used for multiple comparisons and least
significant difference test (LSD-t) was used for intra-group
comparison. P<0.05 was considered statistically significant.

RESULTS
Basic status of each group
There was no difference in the four groups (P>0.05). The
amount of withdrawn blood in three groups was similar,
except in normal group (Table 1).
Table 1 Status of animals in each group (mean±SD)
Group

n

Weight (g)

Ambient
temperature (℃)

Bloodletting
volume (mL)

Normal
Model
Low dose
High dose

8
8
8
8

265±18
281±20
269±14
272±16

26.38±1.06
26.67±0.52
25.88±1.13
26.20±1.10

-------5.10±1.80
5.20±1.60
4.80±1.50

Figure 1 Normal villus and glands in normal group.

Chiu’s score of small intestinal structure
The Chiu’ s score was the lowest in normal group and the
highest in model group. Compared to model group, the
Chiu’ s score was significantly lower in high dose group
(P<0.05, Table 3).
Changes of MDA in small intestinal mucosa
The content of MDA in intestinal mucosa was the highest
in model group, compared to that in normal, high and low
dose groups. However there was no difference in Chiu’s

Table 2 Changes of MBP (kPa) and HR (bmp) during shock and reperfusion period (mean±SD)
Groups /n
Normal
( n = 8)
Model
(n = 8)
Low dose
(n = 8)
High dose
(n = 8)
b

Pre-shock
MABP
HR
MABP
HR
MABP
HR
MABP
HR

12.66±1.28
316.50±22.12
12.68±0.82
322.50±28.12
13.07±1.27
320.87±38.83
13.00±1.36
310.83±25.63

P<0.01 vs pre-shock, dP<0.01 vs pre-shock.

30 min of
shock
-------5.33±0.25 d
239.75±35.50 d
5.32±0.20 d
221.75±49.89 d
5.30±0.20 d
236.16±51.67b

10 min after
reperfusion

30 min after
reperfusion

60 min after
reperfusion

90 min after
reperfusion

-----12.66±1.35
256.40±35.63b
13.21±1.17
250.00±45.63b
12.16±1.35
266.00±38.10 b

12.83±1.60
292.55±41.96
12.46±1.46
282.76±45.63
12.90±1.60
316.83±30.91

11.65±0.68
325.36±36.81
12.21±0.82
319.50±42.28
12.05±0.82
306.66±22.11

11.60±1.82
309.25±38.68
12.05±1.58
300.62±32.28
11.82±1.42
298.50±22.11
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Figure 2 Severe edema of mucosa villus and infiltration of necrotic epithelial
cells and inflammatory cells in model group.
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Figure 4 No significant edema and necrotic mucosa villus and infiltration of a
few inflammatory cells in high dose group.

among model group, low and high dose groups (P>0.05,
Table 3).
Change of NO content in small intestinal mucosa
The content of NO in small intestinal mucosa in model
group and low dosage group was significantly lower than
that in normal group and high dosage group (P<0.05 or
0.01). There was no significant difference between model
group and low dosage group (P>0.05) and between normal
group and high dosage group (P>0.05, Table 3).
Figure 3 Light edema of mucosa villus and few necrotic epithelial cells and
infiltration of few inflammatory cells in low dose group.

score among normal, low and high dose groups (P>0.05,
Table 3).
Changes of activity of SOD
The activity of SOD in intestinal mucosa was the highest in
high dose group (P<0.05 or 0.01), and the lowest in model
group (P<0.05, Table 3).
Change of activity of GSH-PX in intestinal mucosa
The activity of GSH-PX was the lowest in model group
(P<0.05) compared to that in the other three groups. There
was no difference between normal group and low dose
group (P>0.05, Table 3).
Lactic acid content in intestinal mucosa
The content of lactic acid in model group and low dose
group was significantly higher than that in normal and high
dose groups (P<0.05), There was no significant difference

Changes of ET-1 content in intestinal mucosa
The content of ET-1 in intestinal mucosa was significantly
higher in three experimental groups (P<0.01). The content
of ET-1 in model group was higher than that in low and
high dose groups (P<0.05 or 0.01, Table 3) .

DISCUSSION
Blood supply of small intestine from celiac branch of
superior mesenteric artery accounts for 20% of total body
blood volume. The blood flow in mucous layer is about
70-80% of total intestine blood flow, while the blood flow
in muscular layer and serosa is about 15-25% of intestine
blood flow. The blood flow in submucous layer is less
than 5% of intestine blood flow. But 60% of blood flow in
mucous layer is concentrated on the top of mucosa which
provides enough hemoperfusion of endotheliocytes and
villus [14]. When shock occurs, the blood flow in intestinal
mucosa decreases sharply. That is why the small intestinal
mucosa is most easily subjected to ischemia and reperfusion
injury[15,16].
Studies have proved that ischemia reperfusion injury
of intestinal mucosa plays an important role in inducing

Table 3 Effects of Astragalus membranaceus on LD, NO, MDA and SOD GSH-PX during hemorrhagic shock-resuscitation (mean±SD)
Group

n

Chiu‘s score

Lactic acid
nmol/gpro

NO
nmol/100 mg

Normal

8

0.90±0.86

2.62±0.45

41.27±8.60

274.62±44.2

28.89±4.90

42.42±4.37

58.04±7.18

Model

8

6.25±2.75 b

3.11±0.53a

20.21±4.14b

481.50±109.98b

62.70±15.37b

27.85±10.75b

42.92±10.62a

Low dosage

8

4.05±1.96b,c

3.00±0.36a

26.86±5.33a,e

414.53±26.15b,c,e

36.80±9.35b,d

39.13±7.62a,c,e

55.91±11.27a,e

8

a,c

a

High dosage
a

3.27±1.82

2.69±0.19

42.41±9.89

d

ET
Pg/100 mg

353.51±31.90

MDA content
nmol/100 mg

a,d

31.31±11.45

d

P<0.05, bP<0.01 vs normal group, cP<0.05, dP<0.01 vs low dose group and high dose group, eP<0.05 vs low dose group.

SOD activity
(U/100 mg)

54.38±6.84

a,d

GSH-PX activity
(U/100 mg)

77.78±13.56b,d
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multiple organ disfunction syndrome (MODS)[3-6]. Therefore
prevention of intestinal mucosal barrier from hemorrhagic
shock is very important. The results of our study showed
that small intestinal mucosa was severely injured after simple
hemorrhagic shock. However, the injury of small intestinal
villus was alleviated after Astragalus membranaceus was
administrated. The best result was obtained with high
dose Astragalus membranaceus treatment, indicating that
Astragalus membranaceus can protect intestinal mucosa
against reperfusion injury, after hemorrhagic shock in a
dose-dependant manner.
NO and ET-1 are active substances released by vascular
endothelial cells ( especially in lung ) and the most important
endogenous regulatory factors. It is most important to keep
the dynamic balance between NO and ET in order to
maintain tissue and organ hemoperfusion. Some studies[9,17,18]
reported that NO and ET-1 increase in plasma sharply
during hemorrhagic shock and after resuscitation. At the
same time, the intestinal barrier is also damaged.
NO/ET imbalance and endothelial disorder can induce
intestinal mucosal hypoperfusion or ischemic injury, when
hemorrhagic shock occurs.
Our study showed lactic acid content in intestinal mucosa
in model group increased markedly, suggesting that
anaerobic metabolism of intestinal mucosa occurs. NO
level decreased and ET level increased sharply, suggesting
that microcirculation of the intestinal mucosa is destroyed
during and after hemorrhagic shock /reperfusion injury.
Bauer et al. [19,20] , found that intestinal damage can be
relieved by drugs, when endogenous NO release is evoked.
Oktar et al. [21], and Anadol et al. [22], used ET receptor
antagonists to suppress endogenous ET activity, and found
that they can relieve the damage due to intestine ischemic
reperfusion, demonstrating that ET receptor antagonists can
relieve ischemia reperfusion injury of intestine by modulating
NO/ET level.
We found that Astragalus membranaceus could increase
endogenous NO level and decrease endogenous ET level
in intestinal mucosa, suggesting that Astragalus membranaceus
can relieve endothelial dysfunction and ameliorate
microcirculation via regulating NO/ET level during
hemorrhagic-reperfusion.
Oxygen free radical is another major factor in inducing
ischemia reperfusion injury. It could damage the structure
of cell membrane and mitochondrial membrane through
lipid peroxidation and result in cellular structure destroy
and cell dysfunction[7,8]. MDA is the direct products of lipid
peroxidation[7,8]. The extent of lipid peroxidation could be
accessed by measuring MDA level in tissues. Our study
also showed that the content of MDA in intestinal mucosa
in model group was significantly higher than that in other
groups, suggesting that significant lipid peroxidation occurs
in small intestinal mucosa during hemorrhagic shock and
reperfusion period. Some previous studies found[23,24] that
peroxide dismutase significantly relieves small intestine
mucosal injury after 3 h ischemia, demonstrating that oxygen
free radical plays an important role in ischemic injury of
small intestinal mucosa.
SOD and GSH-PX are the major enzymes for scavenging
oxygen free radical, whose activity could reflect its functional
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status[25-27]. The activity of SOD and GSH-PX in Astragalus
membranaceus-treated groups was markedly higher than that
in normal group and model group, which would be beneficial
to scavenging oxygen free radical.
The content of MDA in intestinal mucosa in Astragalus
membranaceus-treated groups was obviously lower than that
in model group, demonstrating that Astragalus membranaceus
has powerful antioxidative effects and protects small intestinal
mucosa against hemorrhagic- reperfusion injury.
In conclusion, Astragalus membranaceus protects intestinal
mucosa against hemorrhagic-reperfusion injury in a dosedependant manner by regulating NO/ET level of intestinal
mucosa after ischemia-reperfusion.
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Abstract
AIM: To observe the biologic behavior of pancreatic cancer
cells in vitro and in vivo, and to explore the potential value
of angiostatin gene therapy for pancreatic cancer.
METHODS: The recombinant vector pcDNA3.1(+)angiostatin was transfected into human pancreatic cancer
cells PC-3 with Lipofectamine 2000, and paralleled with
the vector and mock control. Angiostatin transcription and
protein expression were determined by immunofluorescence
and Western blot. The stable cell line was selected by
G418. The supernatant was collected to treat endothelial
cells. Cell proliferation and growth in vitro were observed
under microscope. Cell growth curves were plotted.
The troms-fected or untroms-fected cells overexpressing
angiostatin vector were implanted subcutaneously into
nude mice. The size of tumors was measured, and
microvessel density count (MVD) in tumor tissues was
assessed by immunohistochemistry with primary anti-CD34
antibody.
RESULTS: After transfected into PC-3 with Lipofectamine
2000 and selected by G418, macroscopic resistant cell
clones were formed in the experimental group transfected
with pcDNA 3.1(+)-angiostatin and vector control. But
untreated cells died in the mock control. Angiostatin
protein expression was detected in the experimental group
by immunofluorescence and Western-blot. Cell proliferation
and growth in vitro in the three groups were observed
respectively under microscope. After treatment with
supernatant, significant differences were observed in
endothelial cell (ECV-304) growth in vitro . The cell
proliferation and growth were inhibited. In nude mice
model, markedly inhibited tumorigenesis and slowed
tumor expansion were observed in the experimental group
as compared to controls, which was parallel to the decreased

microvessel density in and around tumor tissue.
CONCLUSION: Angiostatin does not directly inhibit human
pancreatic cancer cell proliferation and growth in vitro ,
but it inhibits endothelial cell growth in vitro. It exerts the
anti-tumor functions through antiangiogenesis in a
paracrine way in vivo.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Angiogenesis means the formation of new blood vessels
and is indispensable to various physiological processes
including reproduction, development, wound repair, and
tissue regeneration. There is evidence that tumor growth
and metastasis are accompanied with the growth of new
blood vessels, which proves the rationality and feasibility
of anti-angiogenic therapy for tumor[1,2].
Pancreatic cancer is the second most common cause of
death from any type of gastrointestinal diseases in the United
States[3] . The common treatment of pancreatic cancer is
suboptimal and the prognosis of patients is poor[4].
Although pancreatic cancer is not a grossly vascular
tumor, this malignancy often exhibits enhanced foci of
endothelial cell proliferation. But several[5-7] studies have
reported a positive correlation between blood vessel density.
Angiogenesis may play an important role in this disease.
Angiostatin plays a key role in regulating endothelial
cell proliferation and migration during the process of
angiogenesis[8,9] and inhibits the growth of a variety of
murine and human tumors[10].
We transfected eukaryotic vector encoding mouse
angiostatin into human pancreatic cancer cells to observe
the anti-tumor function of angiostatin and to explore the
potential activity in gene therapy for pancreatic cancer.
MATERIALS AND METHODS
Cell lines and reagents
Recombinant vector pcDNA3.1(+)-angiostatin was
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identified by restriction endonuclease digestion and
sequencing. The human pancreatic cancer cell line PC-3
and endothelial cell line ECV-304 were purchased from
China Center for Type Culture Collection. PvuI was purchased
from Bioson Corporation. Lipofectamine™ 2000 and G418
were purchased from Gibco Company; Rabbit anti-HAtag
multiclonl antibody was presented by JichengZhang doctor;
FITC was purchased from Boster Biological Technology
Co. CD-34 was purchased from Beijing Zhongshan Golden
Bridge Biotechnology Co.
Cell culture
Pancreatic cancer cells and endothelial cells were cultured
in RPMI1640 (Gibco) supplemented with 10% fetal
bovine serum (FBS) (Sijiqing, Hangzhou, China), penicillin
(100 U/mL) and streptomycin (100 mg/mL) in a humidified
atmosphere of 50 mL/L CO2 at 37 ℃.
Transfection
Pancreatic cancer cells (PC-3) in logarithmic growth phase
were implanted in 24-well plates at 2×10 5 cells/well, and
approximately 80% confluence was obtained, after overnight
incubation. pcDNA3.1(+)-angiostatin was digested by Pvu
I according to the protocol of the manufacturer, and the
recombinant was linearized. DNA/Lipofectamine 2000
complexes were prepared and transfected according to
the protocol of the manufacturer. The experimental group
and the vector control was designed with pcDNA3. 1(+)
and the mock control with Lipofectamine 2000. After 12 h
of transfection, the selective medium containing G418
(50 mg/L) was used to culture cells for 14 d. Then the
isolated resistant cell clones were selected and amplified.
Analysis of angiostatin by immunofluorescence cytochemistry
and Western blot
PC-3 with pcDNA3. 1(+) angiostatin in logarithmic growth
phase was implanted in 6-well plates. After 24 h, the glass
flake was taken out and immunofluorescence cytochemistry
was carried out according to manufacturer’s instructions, and
the expression was detected under fluorescent microscope.
The cells were cultured in a conditioned media for 5 d.
Cell supernatant was mixed with lysine-sepharose and
incubated at 4 ℃ overnight. Detection was performed by
the enhanced chemiluminescence (ECL) Western blotting
analysis system according to the manufacturer’s instructions.
Inhibitory on vascular endothelial cells
In logarithmic growth phase, the supernatant was collected.
Endothelial cells ECV-304 were treated with supernatant
separately for 7 d (supernatant/medium = 1/9), and counted
under microscope.
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5 in each group. The experimental group with pcDNA3.1
(+)-angio/PC-3, the vector control with pcDNA3.1(+)/
PC-3 and the mock control with untransfected PC-3 were
separately injected subcutaneously with pancreatic cancer
cells PC-3 at 1.0×106cells each mouse. After 56 d, the mice
were killed to measure the size of tumor formed and to
calculate the percentage of inhibition on tumorigenesis
in vivo.
Quantitative analysis for microvessel densities (MVD)
Tumor tissues were fixed and embedded in paraffin. MVD
was detected by immunohistochemistry SP method, and
counted in four fields under light microscope (200× selected
randomly).
Statistical analysis
To determine statistical significance, data were analyzed by
statistical software of SPSS 10.0, Student’s t test and 2 test.

RESULTS
Vector-mediated expression and secretion of angiostatin
in vitro
Pancreatic cancer cells (PC-3) transfected with the
corresponding vectors were selected by G418 for 14 d.
The experimental and vector control groups formed
macroscopic cell clones, but the mock group of cells was
dead completely after 8 d of selection. Immunofluorescence
showed signals of angiostatin in the experimental group of
cell clones genetically engineered, but not in the controls
(Figure 1A). Western blot analysis of cell supernatants
(Figure 1B) revealed the detected protein with the size
(5 800 kb) being consistent with angiostatin in the experimental
group, whereas no specific band was observed in the controls.

A

B

ku
97
66
45
31

Viable cell number counting and growth curve
Pancreatic cancer cells (PC-3) and endothelial cells (ECV-304)
were plated on 24-well plates at 1×10 4 cells/well and
cultured for 7 d. Viable cells was counted under microscope
and growth curves were plotted.
Tumor models
Balbc nude mice were randomly divided into three groups,

20
14
1234

Figure 1 Angiostatin protein expression by immunofluorescence (A) Western blot
analysis (B). M: Marker; lane 1: PBScontrol; lane 2: PC-3; lane 3: PC-3pcDNA3.1(+);
lane 4: PC-3/pcDNA3.1(+).
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Biological activity of angiostatin protein expression in vitro
To detect biological activity of the encoded angiostatin
in vitro, tumor cells transduced with and without the
corresponding vectors were cultured for 7 d to make cell
growth curve (Figure 2A). Under microscope, no obvious
difference was observed in the cell morphology among
the three groups of cells. Cell growth curves indicated no
change in cell growth speed and doubling time among the
three groups. These results indicated that upregulated
angiostatin expression could neither directly inhibit cell
growth and proliferation, nor affect cell cycle in vitro. But
biological activity of the cell treated with supernatant of
PC-3/pcDNA3.1(+)-angiostatin, the growth was obviously
inhibited. The growth of the vector and mock control groups
was similar to that of normal (Figure 2B). These results
indicated that angiostatin expression could directly inhibit
endothelial cell growth and proliferation in vitro.

Cell amount/104

A

PC-3 cell amount

30

pc-3

25

pc-3/pcDNA3.1(+)

20

pc-3/pcDNA3.1(+)-angiostatin

Number 32

of angiostatin developed fast in the vector and mock control
groups of nude mice. However, no macroscopic tumors
were observed until 14 d, after injection of angiostatin in
the experimental group and tumors developed slowly.
After 56 d of injection of angiostatin, no mice died in
the three groups and the tumors were resected and measured.
Small pale tumor nodules were observed in the angiostatintransfected tumors, whereas red and hypervascularized
large tumors were present in the vector-transfected control
and mock control tumor cells. The average size of tumors
in the experimental group was 6.2×10-2 cm3, much less than
the average size of the vector control 1.4×10 -2 cm3 and
the mock control (Figure 3). The inhibition of angiostatin
overexpression reached 77%.
Tumor tissue in the experimental group was more
vascularized than in the control groups. Greater microvascular
density were found by immunohistochemical staining in
tumors in the experimental group than in the vector or
mock control groups respectively (P<0.01, Figure 4). The
results indicated that overexpression of angiostatin could
decrease tumorigenesis by inhibiting neovascularization in
tumors in vivo. Angiostatin might have inhibitory actions on
surrounding tumor tissues and indirectly inhibit tumorigenesis.
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Figure 3 Tumors formed in nude mice by PC-3/pcDNA-angio, PC-3/pcDNA,
and PC-3 cells (n = 5). A: PC-3/pcDNA3.1(+)-angio; B: PC-3/pcDNA3.1(+); C:
PC-3.
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Figure 2 Cell growth curves of PC-3 (A) and ECV-304 (B).

Biological activity of angiostatin protein expression in vivo
Macroscopic tumors were observed on d 10, after injection
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Figure 4 MVD in immunochemistry staining. A: PC-3/pcDNA-angiostatin; B:

DISCUSSION
Angiogenesis is critical for normal and pathologic processes
in new blood vessel formation and plays an important role
in the growth and spread of cancer. New blood vessels
“feed” cancer cells with oxygen and nutrients, allow these

C

PC-3/pcDNA3.1; C: PC-3. SP×200.
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cells to grow, invade nearby tissue, spread to other parts of
the body, and form new colonies of cancer cells. At the
prevascular stage, tumor is unable to grow to a size beyond
2-3 mm3 and remains in its dormant state. However, once
the angiogenic phenotype of the tumor is switched on, tumor
growth rate changes from linear to exponential[11-14].
Angiogenesis begins, when a fibrin clot forms on the
adventitial surface of an existing blood vessel[15], followed
by sprouting of new capillaries. The initial phase begins
with increased vascular permeability and local degradation
of the vessel wall. Endothelial cells enter the tumor stroma
and proliferate. At this time, the cells may be most vulnerable
to agents that interfere with their proliferation, since they
lack protection from other cell types[16]. The next step in
vessel formation is recruitment of pericytes, followed by
smooth muscle cells.
Angiogenesis is a process controlled by certain chemicals
produced in the body. These chemicals stimulate cells to repair
damaged blood vessels or form new ones such as vascular
endothelial growth factor (VEGF)[17], basic fibroblast growth
factor (bFGF)[18], acidic fibroblast growth factor (aFGF),
Interleukin-8, angiogenin, placental growth factor (PGF)[19],
transforming growth factor-TGF,  [20], other chemicals
are inhibitors such as angiostatin[21], thrombospondin-1[22],
16-kd prolactin fragment[23], Interferon-, [24], Endostatin[25].
Because cancer cannot grow or spread without the formation
of new blood vessels[26], scientists are trying to find ways to
stop angiogenesis.
Tumor angiogenesis is often the consequence of an
angiogenic imbalance in which pro-angiogenic factors
predominate over anti-angiogenic factors[27]. Furthermore,
angiogenesis is essential for growth and metastasis of most
solid cancers. Pancreatic cancer is not a grossly vascular
tumor, but is related to angiogenesis[28] . Anti-angiogenic
treatment may be necessary and has potential for treatment
of pancreatic cancer.
Angiostatin was first isolated as a circulating angiogenesis
inhibitor. The structure of angiostatin includes the first
four-kringle domains of plasminogen. Amino acid sequence
analysis of kringle domains of human angiostatin has shown
that K1, K2, K3, and K4 display considerable similarity
(about 50% identity). Among these individual kringles, K1
has been identified as the most potent inhibitor of endothelial
cell growth. K3 has higher inhibitory potency than K2.
Surprisingly, K4 is virtually inactive in suppression of
endothelial cell growth. Indeed, a short version of angiostatin
only containing the first three kringle domains without K4
(K1-3) seems to be more active than K1-4 in inhibition of
endothelial cell growth[29]. Angiostatin inhibits proliferation
of endothelial lineages in a dose-dependant manner, but not
in the proliferation of normal and neoplastic nonendothelial
cell lines[30]. Human angiostatin inhibits the growth of
transplanted human breast carcinoma, colon carcinoma and
prostate carcinoma in mice, without obvious weight loss or
other toxicity observed. It causes human primary carcinomas
to regress to a dormant state by a net balance of tumor cell
proliferation and apoptosis[31]. Although angiostatin is a potent
inhibitor of angiogenesis and tumor growth, the need of high
dosages, repeated injections and long-term administration
of this protein has made it less attractive for clinical trials.
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In our study, mouse angiostatin cDNA was transfected
into human pancreatic cancer cells PC-3, and stable cell
lines expressing the secreted angiostatin were proved by
immunofluorescence and Western-blot. Although angiostatin
has no direct effect on pancreatic cancer cell PC-3 growth
in vitro, the supernatant of stable cells inhibited the growth
of endothelial cells ECV-304. The stable cell clones were
implanted in the back of nude mice and the tumor growth
inhibition rate of primary tumor growth was 77%, tumor
growth inhibition is related to vascularization. According to
the observation, angiostatin exerted its anti-tumor effect
through anti-angiogenesis. These results are consistent with
previous reports [31]. By transfecting angiostatin into
pancreatic cancer cells PC-3, we have gotten the protein.
Thus angiostatin gene therapy is for pancreatic cancer.
However, long-term, high-level, and sustained expression
of angiostatin, are necessary to prevent dormant tumors
from becoming active again. To achieve this objective,
Xu et al.[32], engineered a recombinant adeno-associated virus
(AAV) vector encoding mouse angiostatin, and found that it
suppresses metastatic liver cancer in mice. In our study, we
used Lipofectamine-2000 for transfection and got the similar
result. These results support that angiostatin-gene therapy
is a potential strategy in the treatment of pancreatic cancer.
In conclusion, angiostatin inhibits pancreatic cancer cell
proliferation and growth, and may provide a new way for
its treatment.
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Abstract
AIM: To analyze the hepatic and intestinal microcirculation
in an animal model of liver cirrhosis and inflammatory
bowel disease (IBD) and to characterize the anti-inflammatory
action of antithrombin III (ATIII) on leukocyte kinetics and
liver damage.
METHODS: Hepatic and intestinal microcirculation was
investigated by intravital videomicroscopy. Standardized
models of experimental chronic liver cirrhosis and bowel
inflammation were employed. Animals were divided into
four groups (n = 6/group): controls, animals with cirrhosis,
animals with cirrhosis and IBD, animals with cirrhosis and
IBD treated with ATIII.
RESULTS: Cirrhosis facilitated leukocyte rolling and
sticking in hepatic sinusoids (1.91±0.28 sticker/µm vs
0.5±0.5 sticker/µm in controls, P<0.05). The effect
enhanced in animals with cirrhosis and IBD (5.4±1.65
sticker/µm), but reversed after ATIII application (3.97±1.04
sticker/µm, P<0.05). Mucosal blood flow showed no
differences in cirrhotic animals and controls (5.3±0.31
nL/min vs 5.4±0.25 nL/min) and was attenuated in animals
with cirrhosis and IBD significantly (3.49±0.6 nL/min). This
effect was normalized in the treatment group (5.13±0.4
nL/min, P<0.05). Enzyme values rose during development
of cirrhosis and bowel inflammation, and reduced after
ATIII application (P<0.05).
CONCLUSION: Liver cirrhosis in the presence of IBD leads
to a significant reduction in mucosal blood flow and an
increase in hepatic leukocyte adherence with consecutive
liver injury, which can be prevented by administration of
ATIII.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Liver cirrhosis is a well-known immunocompromised state,
with a high susceptibility to infection and organ dysfunction[1].
Cirrhotic patients are prone to develop a progressive
impairment in local and systemic hemodynamics, leading to
renal and hepatic failure. The gut mucosa plays an important
role in the pathogenesis of complications of cirrhosis.
However, little is known about the exact mechanisms
promoting severe septic complications and liver failure
in cirrhotic patients. Among other pathophysiological
mechanisms, hypoperfusion of the gut mucosa has been
implicated as an important mechanism contributing to
mucosal injury[2]. Likewise changes in the intestinal flora
and in the intestinal barrier as well as leukocyte dysfunction
are presumed to be responsible for infective complications
of cirrhosis[3].
Any inflammatory process is characterized by tissue
infiltration of leukocytes mediated by cytokines and cell
adhesion molecules expressed on the endothelial surface[4].
By intravital videomicroscopy, leukocyte-endothelial
interaction can be visualized and quantitated. Furthermore,
the effects of therapeutic agents can be investigated in the
same setting.
Patients with progressive liver disease are known to have
low plasma concentrations of antithrombin III (ATIII)[5,6].
ATIII is synthesized in liver parenchymal cells and plays a
central role in regulating hemostasis [7]. In addition,
ATIII has been reported to have some influence on the
inflammatory process, which is independent of its effects
on coagulation. This effect is thought to be indirect via
enhanced prostacyclin release from endothelial cells[8]. We
have previously shown that hepatic reperfusion injury could
be attenuated by administration of ATIII in an animal model
of warm hepatic ischemia and reperfusion[9].
The aim of this study was to analyze the intestinal and
hepatic microcirculation in cirrhotic animals with
inflammatory bowel disease (IBD) and to evaluate the
effects of ATIII application during the onset of bowel
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inflammation on microcirculation, leukocyte-endothelium
interaction and liver function.
Data of control and cirrhotic animals without bowel
inflammation published recently by our group were
considered for statistical comparison in the present study.

MATERIALS AND METHODS
All experiments were performed in accordance with the
Governmental Animal Protection Committee.
Experimental protocol
Twenty-four male Wistar rats weighing 200-220 g were
eligible for analysis in this study. Two rats died during
induction of liver cirrhosis. Animals were divided into four
groups, six animals each: controls, animals with cirrhosis,
animals with cirrhosis and IBD, and animals with cirrhosis
and IBD treated with ATIII.
Induction of liver cirrhosis
Chronic progressive liver cirrhosis was induced by gavage
with carbon tetrachloride (CCl4) as previously described[10].
In brief, animals had free access to tap water containing
barbitural sodium (100 mg/dL) 2 wk before the first CCl4
dose. The CCl4 doses were calibrated weekly from an initial
dose of 0.04 mL, to a maximum dose of 0.4 mL after 10 wk.
Induction of bowel inflammation
Bowel inflammation was induced by the protocol of
Yamada, described in detail elsewhere[11]. Indomethacin at a
dose of 7.5 mg/kg body weight (Sigma, Germany) was
injected subcutaneously in the lower abdomen. Drug
application was repeated after 24 h, and intravital
videomicroscopy was performed 7 d, after induction of
bowel inflammation.
Antithrombin III application
A group of six animals received intravenously 250 IU/kg
body weight ATIII (Kybernin HS 1000, Centeon Pharma,
Germany) 24 h, after the last indomethacin application.
Monitoring
Mean arterial blood pressure and heart rate were recorded
continuously via an arterial catheter placed in the left carotid
artery. In addition, arterial blood samples were obtained to
perform blood-gas analysis (ABL 5, Radiometer GmbH,
Willich, Germany) and venous samples to measure liver
enzymes (AST, ALT, GGT, and alkaline phosphatase)
and clotting (ATIII levels and prothrombin time) using
commercial assays.
Intravital videomicroscopy
Animals were fasted overnight, but received water ad libitum.
Experiments were performed under general anesthesia with
ketamine/pentobarbital (Ketanest, Park-Davis, Germany
and Narcoren, Merial, Germany), administered via a catheter
(B. Braun, Melsungen, Germany) placed in the left jugular
vein. A midline incision was made and intravital fluorescence
microscopy was performed using a Leitz orthoplan microscope
(Leitz, Wetzlar, Germany). With different excitation filters
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(wavelengths 450-490 and 530-560 nm), selective visualization
of FITC-labeled erythrocytes and rhodamine 6G stained
leukocytes was possible. For contrast enhancement,
FITC-labeled albumin was administered intravenously.
Liver microcirculation
The left liver lobe was exteriorated onto a specially designed
stage and videomicroscopy was performed according to
the technique described by Menger et al.[12]. Ten liver lobules
were observed for 30-60 s. Vessels with a diameter between
20 and 40 µm were eligible for analysis.
Small intestine microcirculation
In the same animal, the terminal ileum was exteriorized and
placed on a glass slide. Videomicroscopy of mean mesenteric
vessels was performed. Then the bowel was opened along
the anti-mesenteric border and fixed at the incision margins.
Continuous superfusion with buffered Ringer’s solution was
provided. Mesenteric microcirculation was investigated in
10 fields of ileal arteries and corresponding veins following
the technique described in detail elsewhere[13] . Mucosal
microcirculation was measured in the main arteriole of five
single villi. Each vessel was observed for 30 s.
Data analysis
Microcirculatory parameters were quantified by off-line
analysis of video-recorded microscopic images using the
computer-assisted image analysis system Capimage
(Capimage, Zeintl, Heidelberg, Germany)[14]. Vessel diameter
and erythrocyte velocity were evaluated. Leukocyteendothelium interaction (LEI) was characterized by leukocyte
adherence measurements as the number of leukocytes that
remained stationary or temporary on the vessel wall.
Leukocytes that adhered for at least 30 s were considered as
stickers, whereas leukocyte rolling was based on endothelial
lining that was less than 66% of the erythrocyte velocity.
Microvascular blood flow was derived from erythrocyte
velocity (Ve) and vessel diameter (D) using the following
equation[15]: Vb = Ve××(D/2)2.
Histology
After microscopy, animals were killed. One part of the liver
and one part of the small intestine were obtained for
histopathological investigations. Specimens were fixed in
buffered formalin (4%), embedded in paraffin and stained
with hematoxylin and eosin.
Statistical analysis
All data were expressed as mean±SD. Inter-group comparisons
were made using the Mann-Whitney U test. P<0.05 was
considered statistically significant.

RESULTS
Hemodynamics and laboratory data
There were no significant differences in hemodynamic
variables between the groups. Signs of sepsis were not
observed in any of the animals (Table 1). Analysis of
laboratory data demonstrated significant differences in all
groups (Table 4). In summary, transaminase values rose
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during development of cirrhosis and bowel inflammation.
This effect was withdrawn after ATIII treatment.
Prothrombin time showed comparable characteristics.

Table 1 Cardiorespiratory parameters at the beginning of intravital
videomicroscopy (mean±SD)
Cirrhosis
Mean arterial blood

107±8.4

Cirrhosis ATIII treatment group Controls
and IBD
(cirrhosis and IBD)
102±8.7

106±7.8

112±7.3
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in hepatic leukocyte adherence. Cirrhosis facilitated leukocyte
rolling and sticking in hepatic sinusoids (1.91±0.28 sticker/
100 µm vs 0.5±0.5 sticker/100 µm in control, P<0.05).
The effect was enhanced in bowel inflammation (5.4±1.65
sticker/100 µm), but reversed in the ATIII group (3.97±1.04
sticker/100 µm, P<0.05). LEI in mesenteric vessels was
characterized by a significant increase of adherent leukocytes
during bowel inflammation (5.24±1.23 sticker/100 µm vs
2.54±1.19 sticker/100 µm, P<0.05) with no substantial
difference in the ATIII treatment group (Table 3).

pressure (mmHg)
Heart rate (bpm)

310±9.2

318±7.4

312±8.2

304±8.4

paO2 (mmHg)

89.1±5.3

86.4±4.3

88.6±5.4

92.3±4.8

Table 3 Results of intravital videomicroscopy: LEI in the liver and
mesentery (mean±SD)
Cirrhosis

Microcirculation
Table 2 compares the vessel diameter, RBC velocity and
blood flow of the liver, mesentery, and ileal mucosa. Blood
flow analysis showed significant differences between the
groups. Liver cirrhosis was associated with a reduction of
volumetric blood flow in mesenteric vessels, compared to
control animals (135.1±3.56 nL/min vs 156.5±4.3 nL/min).
However, an inverse effect was observed in the presence
of bowel inflammation: mesentery blood flow increased
significantly (149.8±2.41 nL/min) and rose further in the
ATIII treatment group (243.1±3.71 nL/min). Mucosal
blood flow in central arterioles showed no differences in
cirrhotic animals and controls (5.3±0.31 nL/min vs 5.4±0.25
nL/min), but was significantly attenuated in the inflammation
group (3.49±0.6 nL/min). This effect was normalized in
the treatment group (5.13±0.4 nL/min). Hepatic blood flow
increased in the IBD group and remained stable under ATIII
substitution.

Liver

Cirrhosis
and IBD

ATIII treatment group
(cirrhosis and IBD)

Controls

Controls

Mesentery

1.91±0.28a

5.40±1.65c

2.54±1.19

5.24±1.23

c

3.97±1.04e

0.5±0.5

4.36±1.19

1.62±0.85

3.40±0.54e

2.33±0.75

Rolling leukocytes (n/100 µm)
Liver

4.80±0.90a

5.32±1.29

Mesentery

7.68±3.18

10.34±8.94

10.82±7.29

6.88±1.94

a
P<0.05 cirrhosis vs controls; cP<0.05 cirrhosis+IBD vs cirrhosis; eP<0.05 ATIII vs
cirrhosis+IBD.

Table 4 Data of blood samples taken at the end of experiments
(mean±SD)
Cirrhosis

ASOT (U/L)

Cirrhosis
and IBD

ATIII treatment group
(cirrhosis and IBD)

63.67±10.42a 109.5±39.18c

ALT (U/L)

31.83±4.84

GGT (U/L)

5.33±1.49

Prothrombin

Cirrhosis

ATIII treatment group
(cirrhosis and IBD)

Adherent leukocytes (n/100 µm)

AP (U/L)

Table 2 Microcirculatory parameters of the liver, mesentery and
ileal mucosa (mean±SD)

Cirrhosis
and IBD

a

84.67±32.95

c

14.83±3.48c

130.5±35.75a 268.83±53.25c

Controls

29.17±7.62e

28.67±4.85

21.17±13.61e

16.67±1.11

7.67±1.25e

3.17±0.69

69.83±12.21e

56.83±2.67

75.3±5.4a

58.7±4.3c

74.6±4.9e

102.4±2.7

108.5±14.59

71.67±8.94c

138.50±2.29e

125.0±8.96

Time (%)
ATIII (IU)

a
P<0.05 cirrhosis vs controls; cP<0.05 cirrhosis+IBD vs cirrhosis; eP<0.05 ATIII vs
cirrhosis+IBD.

Vessel diameter (µm)
Liver

27.86±2.03a

Mesentery 32.06±8.91
Mucosa

7.51± 0.30

28.15±1.72

28.08±1.27

23.03±0.62

33.51±5.16

42.51±7.04e

33.46±11.66

6.32±0.41

7.21±0.52

7.20±0.23

RBC velocity (mm/s)
Liver

0.93±0.09a

1.08±0.13c

1.16±0.11

1.22±0.18

Mesentery

2.81±0.49

3.28±0.42

2.93±0.41

3.11±0.35

Mucosa

2.03±0.15

1.81±0.13c

2.11±0.12

2.18±0.16

Volumetric blood flow (nL/min)
Liver

32.1±0.43

Mesentery 135.1±3.56
Mucosa

a

5.3±0.31

39.5±0.43c

40.9±0.62

31.2±0.6

149.8±2.41c

243.1±3.71e

156.5±4.3

3.49±0.6c

5.13±0.4e

5.4±0.25

a
P<0.05 cirrhosis vs controls; cP<0.05 cirrhosis+IBD vs cirrhosis; eP<0.05 ATIII vs
cirrhosis+IBD.

Leukocyte-endothelium interaction
Analysis of leukocyte kinetics showed marked differences

Histology
At the time of videomicroscopy, all animals had evidence
of ascites. Light microscopy examination showed that
features of cirrhosis were evident in the liver of all rats.
The overall impression of the liver was nodular with
extensive deposits of fibrous tissue. Sections of ileum
revealed macroscopic inflammation. Necrotic areas were
not assessed in any group and network of lymphatic vessels
was extended in cirrhotic animals and influenced markedly
by ATIII treatment.

DISCUSSION
Portal hypertension caused by cirrhosis is characterized
by multiple complications, including development of
ascites, disturbance of the mucosal barrier, thrombotic,
and intestinal derangements[16,17]. Microcirculation is of
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heterogeneous nature in cirrhosis[18,19]. As portal hypertension
develops, local production of vasodilators, mainly nitric
oxide, increases, leading to splanchnic arterial vasodilatation[20].
Clinical observations revealed that there was a close
relationship between circulatory dysfunction in portal
hemodynamic and the impairment in hepatic function.
The results of our study indicate that liver cirrhosis is
associated with a significant increase of liver enzymes and
hepatic vessel diameter, but has no influence on hepatic
blood flow. There was a marked decrease in mesenteric
blood flow and this effect was significantly reversed by
bowel inflammation. This observation has led to the
hypothesis that increased portal pressure may in part
depend upon an increased splanchnic inflow and may be
related to the overactivity of the endogenous vasoconstrictor
systems[21]. Mucosal blood flow on the other hand, showed
a significant decrease in animals with cirrhosis and bowel
inflammation. Our data are consistent with the hypothesis
that mucosal inflammation may induce shunting in the
villus microcirculation, with a depression in capillary
perfusion, though the levels of central arteriolar blood
flow are normal[22] . However, the magnitude of mucosal
hemodynamic alterations in rats treated with ATIII was
not as pronounced as in cirrhotic rats with IBD without
this treatment.
LEI and microvascular perfusion changes are known to
play a crucial role in the development of organ dysfunction
and failure. Leukocyte-endothelial cell adhesion is modulated
by a variety of adhesion glycoproteins expressed on the
surface of leukocytes and endothelial cells[23,24]. It has been
shown that both leukocyte and endothelial cell adhesion
molecules contribute to the granulocyte accumulation in a
chronic model of intestinal inflammation[25]. As venous
drainage of the intestine occurs via the portal vein in the
liver, intestinal inflammation may lead to an upregulation
of the liver LEI and contribute to liver injury. This
phenomenon is also described for gut ischemia and
reperfusion[26].
In addition, endothelium plays a key role in the
pathogenesis of inflammation and coagulation disorders in
infectious diseases[27]. Though the exact mechanism is not
known, there is evidence that intervention in the coagulation
pathway may have some beneficial influence on the course
of infections[28]. It has been shown that small intestine
injury and LEI are significantly reduced in endotoxemic
rats after application of ATIII[29]. Our group has previously
described the same effect in an animal model of hepatic
ischemia-reperfusion injury[9], which is in agreement with
the observation of the present study, indicating that
application of ATIII reduces both intestinal and hepatic
microcirculation failure in bowel inflammation with
coexisting liver cirrhosis. The extent of leukocyte adherence
to the endothelium and the course of liver enzymes can
significantly improve.
In conclusion, though vessel morphology is changed
during liver cirrhosis, systemic effects of bowel inflammation
in cirrhosis can be attenuated by substitution of dropped
ATIII levels subsequently to the onset of inflammation.
Maintenance of gut perfusion seems to prevent enhancement
of LEI and hepatic damage.
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Abstract
AIM: To identify the misperceptions among CHB patients,
as well as to determine the factors associated with better
knowledge.
METHODS: A telephone interview was conducted on
192 adult CHB patients, who earlier responded to an
advertisement for free screening. The questionnaire
included items about socio-demographic factors and a
14 -item quiz o n knowledge o f general aspects,
transmission, and management of HBV infection.
RESULTS: The mean knowledge score on HBV was
10.4/14. Common misperceptions included availability of
treatment for HBV infection and early liver cancer, as well
as on transmission. Having completed tertiary education
was the only independent factor associated with a high
knowledge score, after controlling other demographic
factors.
CONCLUSION: More educational efforts should be
focused on patients’ misperceptions and target the less
educated HBV carriers.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
HBV infection remains an important global health problem.

There are approximately 350 million people chronically
infected with HBV worldwide. During the course of chronic
HBV infection, an estimated 15-40% of HBV carriers would
develop complications such as exacerbations of hepatitis,
cirrhosis, liver failure, and hepatocellular carcinoma (HCC)[1,2].
Singapore is a small, multi-racial nation in Southeast Asia
with a population of four million, and racial distribution of
76% Chinese, 14% Malay, 8% Indian, and 2% others. HBV
infection is an important disease in Singapore, where 4.1%
of the general population are carriers of HBV [3]. In
Singapore, liver cirrhosis and its complications are the 10th
commonest cause of death, and HCC is the 4th commonest
cancer among Singaporean males[4].
Only patients with chronic hepatitis B (CHB), elevated
liver enzymes and high hepatitis B viral load are candidates
for anti-viral treatment[1,2,5] . As liver enzymes and viral
replication may fluctuate during the prolonged course of
CHB, regular measurement of liver panel and viral load is
needed to identify suitable patients for antiviral therapy[1,2,5].
In addition, regular surveillance for HCC may allow
diagnosis of early lesions, which are potentially curable by
resection or liver transplantation[6,7] . To sum up, for the
regular surveillance with liver panel and alpha-fetoprotein
level, ultrasonography is important in the follow-up of
patients with CHB to select suitable candidates for antiviral therapy, and to diagnose complications early, for better
treatment [1,2,8-10]. However, compliance of surveillance
among patients with CHB has not been evaluated. Our
recent pilot study showed that about two-thirds of HBV
carriers in Singapore are not on regular follow-up, and the
reasons are unclear[11].
Many hepatitis B carriers are not aware of the
implications of their disease, and have numerous
misperceptions. In one study among 320 Cambodian
American women, the median score on their knowledge is
only 4.8 out of a maximum of 12 [12] . In another similar
study among 147 Chinese Canadian women, respondents
correctly answered only 6.9 of the 12 questions[13]. At
multivariate analysis, fluency in spoken English and duration
of education are independently associated with the level of
knowledge about HBV of patients.
We hypothesize that the low compliance with follow-up
among HBV carriers could be due to their lack of knowledge
about HBV infection. Hence, in this study, our first objective
was to identify the misperceptions among HBV carriers
attending a free screening program in Singapore, as well as
any particular group with poor knowledge of HBV, and
our second objective was to correlate their knowledge of
HBV with regular follow-up.
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MATERIALS AND METHODS
Patients
A free screening program for adult HBV carriers was
advertised in local newspapers in Chinese and English over
a 4-wk period. Known HBV carriers were invited to come
forward for a free screening. HBV carrier status of all
subjects was confirmed by repeat testing of the hepatitis
B surface antigen. The study subjects came from the
community and included those not screened previously, or
defaulted screening.
Six hundred and nineteen subjects responded and came
forward for the free screening program. These subjects were
then contacted and invited to take part in this study. All
subjects gave informed consent to the study. Three hundred
and ninety-eight subjects could not be contacted due to
incorrect contact information. Two hundred and twentyone subjects were contacted, 29 of them refused to take
part in the study. Hence, 192 (86.9%) subjects of those
who could be contacted were interviewed for the current
study. A waiver for application was obtained from the
Institutional Review Board of the National University
Hospital but, all study subjects gave informed consent before
taking part in the study.

appropriate. Factors with P<0.10 from univariate analysis
were further analyzed by multivariate analysis using
backward logistic regression to evaluate the significant
independent factors associated with high knowledge scores.
Knowledge score between those with or without regular
follow-up was compared by Kruskal-Wallis test. A two-tailed
test with P<0.05 was considered statistically significant.

Survey instrument
All subjects were interviewed through telephone, using a
standard questionnaire by a team of bilingual (English
and Chinese), hepatology-trained research nurses. The
questionnaire contained questions on basic socio-demographic
factors, and a 14-item quiz on general knowledge of HBV
infection adapted from a previously validated questionnaire[12,13]
(Table 1). The survey was carried out in either Mandarin
or English. Each interview lasted for about 20 min. Carriers
of HBV who were seen by any doctor for monitoring of
their liver status and surveillance of complications of CHB
over the last 12 mo were considered to be on regular
follow-up.

Hepatitis B knowledge
Overall mean knowledge score was 10.4±0.1, out of a
maximum of 14. More than 80% of study subjects were
aware of that HBV was infectious and could cause long-term
complications such as liver cirrhosis or HCC, and that they
should not consume alcohol regularly (Table 1). More than
80% of subjects were also aware of the main modes of
transmission such as childbirth, sexual activity, and sharing
of needless.
However, many misperceptions existed. Only about
one-third of them, knew that early liver cancer did not cause
any symptom and treatment was available for CHB. Besides,
half of the subjects were unaware of that HBV infection was
not transmitted by sharing food, and 37% of the subjects
thought that hepatitis B could be transmitted by taking seafood.

Data analysis
Data were expressed as mean±SE unless otherwise stated,
and analyzed by SPSS v. 10.0 (SPSS Inc., Chicago, IL, USA).
The main outcome variables were level of knowledge about
HBV. Each question was answered as “Yes”, “No”, or “Do
not know”. A correct answer scored one point. An incorrect
or “Do not know” answer scored zero point. A summary
score of knowledge was computed by summing correct
responses to the 14-item quiz. Hence, the maximum score
for each subject was 14 and the minimum 0.
Total knowledge score was first analyzed as a continuous
variable. Factors associated with total knowledge score,
namely gender, age, ethnicity, education level, income level,
family history of HCC, and hepatitis B, were analyzed by
multiple linear regression to evaluate the independent factors
associated with knowledge score.
In addition, the knowledge score was arbitrarily
dichotomized as “high” (10 or higher) and “low” (9 or less),
and analyzed as a categorical variable. Factors related to
high knowledge scores were first analyzed by univariate
analysis, where categorical and continuous variables were
analyzed by Fisher’s exact test or Mann-Whitney U test as

RESULTS
Patient characteristics
One hundred and ninety-two HBV carriers, aged 43±1 years,
148 (77%) male, and 184 (96%) Chinese, completed
the survey. One hundred and thirty-five (70%) earned S
＄2 000 (US ＄1 100) or more monthly, and 64 (33%) had
monthly income of S ＄4 000 (US ＄2 200) or more. One
hundred and nine subjects (57%) completed tertiary (college)
education, 76 (40%) secondary (up to Grade 12) education,
and 7 (4%) primary (up to Grade 6) education. Sixty-seven
subjects (35%) had a known family history of CHB and 35
(18%) had a known family history of HCC. One hundred
and seven subjects (57%) were on regular follow-up for
their CHB over the last 12 mo. None of the subjects
consumed more than three drinks of alcohol per week.

Table 1 Responses to hepatitis B knowledge questions (n = 192)
Statements (correct response)

Correct response (%)

General aspects of hepatitis B
Hepatitis B is infectious? (Yes)
Hepatitis B causes liver cancer in the long run (Yes)
Hepatitis B causes liver cirrhosis in the long run (Yes)
Hepatitis B carriers can be recognized easily from their
appearance (No)
Hepatitis B carriers can drink alcohol as much
as non-carriers (No)
Management of hepatitis B
Treatment is available for hepatitis B (Yes)
Early liver cancer causes symptoms (No)
Early liver cancer is curable (Yes)
My family members should be screened for hepatitis B (Yes)
Transmission of hepatitis B
Hepatitis B transmits through sexual intercourse (Yes)
Hepatitis B transmits through sharing of needles (Yes)
Hepatitis B transmits through sharing of food (No)
Hepatitis B transmits through taking seafood (No)
Hepatitis B transmits through childbirth (Yes)

165 (86)
173 (90)
168 (88)
143 (75)
180 (94)

65 (34)
62 (32)
133 (69)
185 (96)
171 (89)
179 (93)
96 (50)
120 (63)
165 (86)
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Factors associated with better knowledge
Knowledge score was first analyzed as a continuous variable.
Multiple linear regression showed that having completed
tertiary education was the only statistically significant factor
associated with knowledge score (P<0.001), after controlling
for other potential confounding demographic factors.
Knowledge score was then analyzed as a categorical
variable as “high” and “low” knowledge score. Overall, 139
(73%) subjects had high knowledge scores of 10 points or
more. Univariate analysis revealed that subjects with high
knowledge scores were significantly younger, and more likely
to have received tertiary (college) education. Association of
high knowledge with higher income reached borderline
significance (Table 2). When these three factors were analyzed
by logistic regression, having completed tertiary (college)
education was the only independent factor associated with
high knowledge scores. Those with tertiary (college)
education were 3.3 times more likely (OR 3.30, 95%CI
1.4-7.6, P = 0.005) to have high knowledge score than those
without tertiary (college) education.
Correlation between regular follow-up and knowledge score
No statistically significant difference in knowledge score
was seen between those with and without regular follow-up
(10.7±0.2 vs 10.2±0.4, P = 0.23). Neither was there any
difference in gender, age, income level, or educational level
between the two groups.

DISCUSSION
One important finding of this study is that the mean
knowledge score was reasonably good at 10.3 out of a
maximum of 14. We also found that 139 (73%) of the
subjects scored 10 or more, i.e., having a high knowledge
score. Although it is difficult to compare the knowledge
score in our population with the scores from prior studies,
this may suggest that public health education in Singapore
in the past has been generally successful.
However, we also identified many misperceptions
among HBV carriers. To begin with, many HBV carriers
were not aware of the benefits of regular surveillance for
complications of HBV, as evidenced by the findings that
many were not aware that treatment of HBV infection was
available and were not aware of that early liver cancer was
asymptomatic, but potentially curable. Secondly, although
many HBV carriers were aware of the common modes of
HBV transmission, and believed that HBV infection could
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also be transmitted by sharing food or consuming seafood.
Our findings are consistent with those by Taylor et al. [12] ,
and Thompson et al. [13], where only 23.5% and 41% of
their respondents thought that HBV infection can be spread
by food. This highlights the need to improve the current
public education program on hepatitis B.
Another important finding of our study is that patients
with tertiary (college) education were more likely to have a
high knowledge score. This is not surprising as patients with
better education are more likely to have read or heard about
HBV infection in schools or in the mass media. Besides,
subjects with better education were more likely to understand
the complexity of various aspects of HBV infection. Our
study highlights the importance of targeting further public
and patient education on those with less or no education.
One last important finding is that we found no difference
in knowledge score between those with and without regular
follow-up. This highlights the complexity of the issue of
regular follow-up among patients with chronic illnesses[14,15],
and that factors other than knowledge influenced patient
compliance with follow-up. Perhaps efforts from community,
healthcare organizations, and patients are needed in
improving the long-term compliance rate. Further studies
are needed to identify factor(s) associated with better
compliance in patients with chronic illnesses.
There are limitations in our study. Firstly, it is unclear to
what extent our conclusions could be extended to HBV
carriers in other geographical locations, where cultural
backgrounds and educational level vary. Secondly, as we
interviewed only those who responded initially to our
advertisement for free HBV screening, it is possible that
we could have selected a more health-conscious group of
HBV carriers, who might have better knowledge of HBV.
However, it should be noted that any new screening program
would have a low uptake in the beginning. The strength of
this study is that we were able to identify the educational
needs of individuals who participated in our screening
program and this has helped us achieve two objectives.
Firstly, it provided us with a better understanding of the
level of awareness and misperceptions among individuals,
who were sufficiently motivated to participate in our
screening program in the first place. This information would
help us identify strategies to improve their compliance with
regular screening. Secondly, this study has prepared us better
for the next phase of our study, that is, to assess the level
of knowledge and misperceptions among HBV carriers in
the general population, which may be lower than the

Table 2 Factors associated with high and low scores on HBV knowledge
Factors

Low scores (≤9) n = 53

High scores (≥10) n = 139

Univariate analysis P

Multivariate analysis1 P
0.066

Age (yr)

46±1

41±1

0.002

Male (%)

39 (74)

109 (78)

0.57

Chinese (%)
Monthly income ≥S$4 000 (%)

52 (98)
8 (15)

132 (97)
37 (27)

1.00
0.057

Family history of HBV (%)

19 (36)

48 (35)

0.87

Family history of HCC (%)

11 (21)

24 (17)

0.68

On regular follow-up (%)
Tertiary educated (%)

61 (44)
17 (32)

78 (56)
92 (66)

0.91
<0.001

1

Multivariate analysis using multiple regression analysis.

0.199

0.005

Wai CT et al. Misperceptions in chronic hepatitis B patients

participants in our present study. Notwithstanding the above
limitations, we believe our study provides important findings
for public health officials, as well as hepatologists, to improve
their patient education programs particularly for individuals
who have been motivated to participate in screening, to
ensure that they would not default follow-up after their
first screening appointments.
In conclusion, many misperceptions exist among HBV
carriers who participated in a screening program in Singapore
and HBV carriers with better education are more likely to
know HBV better. Future patient and public health education
efforts should focus on dispelling misperceptions and target
HBV carriers with less education.
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Abstract
AIM: To investigate clinical significance of Pin1 and
 - catenin expression in colorectal cancers and to
demonstrate the relationship of their expression.
METHODS: The role of Pin1 and -catenin protein in
colorectal tumorigenesis and their clinicopathologic
significance were analyzed by immunohistochemistry, and
the correlation between Pin1 and -catenin protein expressions
was also studied in 124 patients with colorectal cancer
who were surgically treated.
RESULTS: Normal colonic epithelium either failed to
express or showed focal and weak expression of Pin1
and -catenin. Overexpression of Pin1 and -catenin
protein was found in 23 (18.54%) and 50 (40.3%) of 124
colorectal cancers, respectively. Overexpression of both
proteins was not related to the lymph node metastasis,
tumor stage and survival period after excision. Survival
analysis results indicated that tumor stage was a valuable
predictor of survival. Interestingly, a significant correlation
was found between Pin1 and -catenin protein expression.
CONCLUSION: Overexpression of Pin1 and -catenin may
be closely related with the development and/or progression
of colorectal carcinoma and further supports that Pin1
overexpression might contribute to the upregulation of
-catenin.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
-catenin is a multifunctional protein that plays an important
role in the transduction of Wnt signals and in the intercellular
adhesion by linking the cytoplasmic domain of cadherin[1].
In general, the cytoplasmic level of -catenin is kept low
through interaction with a protein complex, comprised of
adenomatous polyposis coli (APC), Axin, protein phosphatase
2A, and glycogene synthase kinase 3 (GSK3). It is believed
that this complex phosphorylates the -catenin, thereby
inducing ubiquitination-dependent proteolysis of -catenin.
Therefore, alterations of these genes cause accumulation
of cytoplasmic -catenin and nuclear translocation of
-catenin. After its translocation into the nucleus, -catenin
binds to members of the Tcf/Lef family thereby activating
target genes, such as cyclin D1 and myc. In cancer cells,
only one of these genes is mutated in a given tumor sample
reflecting their role in a common pathway[2]. For instance,
colon tumor with mutations in APC has  wild-type -catenin
gene, and vice versa, any tumor with mutations in -catenin
is wild-type for APC.
Recently, it has been shown that Pin1 is overexpressed
in some human malignancies and that its expression closely
correlates with the level of cyclin D1 in human cancer[3] .
Pin1 is a peptidyl-prolyl cis-trans isomerase that isomerizes
only phosphorylated serine/threonine residues preceding
proline peptide bonds to regulate various cellular processes
including cell division and transcription[4-7]. Interestingly, Pin1
contributes to the upregulation of -catenin in tumors such
as breast cancer by inhibiting interaction between APC and
-catenin[8]. Thus, this study aimed to elucidate, whether
Pin1 and -catenin expressions were involved in colorectal
carcinogenesis and whether Pin1 expression contributed to
aberrant -catenin overexpression.
MATERIALS AND METHODS
Patients and specimens
One hundred and twenty-four patients with colorectal cancers
from January 2001 to December 2002, were enrolled in this
study. No patient had a family history of colorectal cancer
and was treated with chemotherapy before tumor removal.

Kim CJ et al. Pin1 and -catenin in colorectal cancer

Tumor stage was classified according to Dukes’ criteria.
Thirteen patients were classified as Dukes’ A, 47 as Dukes’
B, 56 as Dukes’ C and 8 as Dukes’ D. The range of observation
was 14-36 mo for the survivors. Of these, 15 patients showed
relapse of cancer and 11 patients died of cancer during
this time. Specimens collected from these patients were fixed
by formalin and embedded in paraffin. Two pathologists
screened histological sections and selected areas of the
representative tumor cells. Three tissue cores (0.6 mm in
diameter) were taken from each tumor sample and placed
in a new recipient paraffin block using a commercially
available microarray instrument (Beecher Instruments,
Micro-Array Technologies, Silver Spring, MD, USA) according
to established methods[9]. One cylinder of normal colonic
mucosa adjacent to each tumor was also transferred to the
recipient block.
Immunohistochemistry for Pin1 and -catenin
Primary polyclonal rabbit anti-Pin1 antibody (Oncogene
Research Products, San Diego, CA, USA, dilution 1/100)
and anti--catenin (Transduction Laboratories, Lexington,
KY, USA) were used. Immunostaining was performed on
microarray tissue sections with a tyramide signal amplification
kit (NEN Life Science, Boston, MA, USA) for signal intensification. Antigen retrieval was performed by microwave
heating in a citrate buffer (pH 6.0). Other procedures were
performed as previously described[10]. The reaction products
were developed with diaminobenzidine (Sigma, St. Louis,
MO, USA) and counterstained with hematoxylin. A negative
control, using non-immune rabbit serum instead of the
primary antisera, did not produce any staining (data not
shown). Three pathologists independently reviewed the
results. Immunoreactivities of both Pin1 and -catenin were
categorized into four groups: (1) negative, 0-5%; (2) low, 530%; (3) moderate, 30-50%; (4) high, ≥50%. Since both
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Pin1 and -catenin expressions were negative or low in
normal colonic mucosa, we considered moderate and high
immunoreactivities as overexpression.
Statistical analysis
We used 2 test to analyze the correlation between clinicopathologic parameters of colorectal cancer and expressions
of Pin1 and -catenin, and the association between Pin1
and -catenin expressions. P<0.05 was considered statistically
significant. The predictive value of clinical parameters for
survival was evaluated using the Kaplan-Meier analysis.

RESULTS
Pin1 protein expression in colorectal cancer
One hundred and twenty-four colorectal carcinomas were
screened for Pin1 protein expression. The expression was mainly
negative or low in normal colonic mucosa. In the present
study, overexpression of Pin1 was found in 23 (18.5%) of
the 124 colorectal carcinomas, in which immunostaining
was predominant in either the cytoplasm or the nuclei of
tumor cells (Figure 1). Of these 23 colorectal carcinomas,
3 had high expression of Pin1 and 20 had moderate expression
of Pin1. Positive staining was seen in 23.1% (3 of 13 cases)
of stage A patients, 23.4% (11 of 47) of stage B patients,
12.5% (7 of 56) of stage C patients, and 25.0% (2 of 8) of
stage D patients, respectively (Table 1). There was no
significant correlation between overexpression of Pin1 and
Dukes’ stage. In addition, Pin1 expression was detected in
8 (13.6%) of 59 cases with lymph node metastasis and
showed no significant correlation with lymph node metastasis.
Univariate analysis showed that the expression of Pin1 in
colorectal cancer was not related with survival period after
excision, indicating that the presence of Pin1 staining was
not a valuable predictor of survival.

A

B

C

D

Figure 1 Expression of -catenin and Pin1 proteins in normal colonic mucosa

(A) and cancer cells (C-D) (B and C, -catenin; D, Pin1).
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Table 1 Relationship between expression of Pin1 and -catenin protein and clinicopathologic parameters
Groups

Pin1

-catenin
Positive (%)

+

-

A
B

3
11

10
36

C

7

D

2

-

-

23.1
23.4

6
21

7
26

46.2
44.7

49

12.5

21

35

37.5

6

25.0

2

6

25.0

22

37

37.3

28

37

43.1

5
45

5
69

50.0
15.8

19

4

82.6

31
50

70
74

30.7
40.3

0.4778

8

51

13.6

15

50

23.1

0.5114

0.3312
3
20

7
94

30.0
17.5

0.5154

Pin1 protein

0.000004

+
Total

P
0.6774

0.2474

Survival period
< 24 mo
≥24 mo

Positive (%)

+

Stage

L/N metastasis
+

P

23

101

18.5

L/N: lymph node.

Expression of  -catenin protein
Expression of -catenin protein was found on cell membrane
in the normal colonic mucosa. The cancer cells demonstrated
abnormal nuclear and cytoplasmic staining of -catenin,
whereas the membrane staining was negative or low in tumors
(Figure 1). Overexpression was observed in 50 (40.3%) of
124 specimens. There was no significant correlation between
-catenin expression and clinicopathologic parameters,
including lymph node metastasis, tumor stage and survival
period after surgical resection (Table 1). Overall, only tumor
stage was a significant predictor of survival, and lower stage
patients had a longer survival as shown in log rank test
(P<0.05).
Correlation between Pin1 and  -catenin
Overexpression of Pin1 protein was detected in 19 of 50
colorectal cancers with aberrant expression of -catenin
protein. There was a significant positive correlation between
the expressions of Pin1 and -catenin (P<0.01, Table 1).

DISCUSSION
Phosphorylation of proteins on serine/threonine residues
preceding proline is a major regulatory mechanism in cell
proliferation and transformation[11,12]. The prolyl isomerase
Pin1, catalyzes conformational changes in certain key prolinedirected phosphorylation sites and functions as a pivotal
catalyst for oncogenesis[13]. Pin1 is overexpressed in many
human tumors such as breast and prostate cancer[14-16], and
increases the transcriptional activity of c-Jun towards the
cyclin D1 promoter[3]. In the present study, we found that
Pin1 protein levels in colorectal cancer cells were not positively
correlated with any commonly used clinicopathologic
parameters, such as tumor stage and lymph node metastasis.
Additionally, univariate analysis demonstrated that there was
no association between Pin1 expression and survival,
suggesting that the Pin1 level might not a valuable prognostic
marker for predicting the overall survival of colorectal
cancer patients.
-catenin is a multifunctional protein, and plays an

essential role in the transduction of Wnt signals. Cytosolic
-catenin is eliminated by APC-dependent proteasomal
degradation pathways regulated by GSK3 or p53-inducible
Siah-1. Conditional degradation of -catenin represents a
central event of Wnt signaling pathway controlling cell fate
and proliferation[2] . Dysregulation of -catenin turnover
caused by genetic alterations of Wnt signaling pathwayrelated genes is implicated in cancers[17]. Alterations of -catenin
expression have been documented in many malignancies,
including breast cancer, gastric cancer, colonic and
hepatocellular carcinomas[18-21]. Additionally, overexpression
of Pin1 can upregulate -catenin in tumors, by inhibiting
interaction between APC and -catenin[8]. We also found
that -catenin was abnormally expressed in 50 (40.3%) of
124 colorectal cancers. The expression was not related to
clinical parameters and survival period after surgical excision.
By comparing survival and clinicopathologic features, we
found that only tumor stage was positively correlated with
survival in log rank test (P<0.05).
Interestingly, statistical analysis revealed a significant
correlation between Pin1 overexpression and -catenin
expression, suggesting that Pin1 overexpression is significantly
correlated with -catenin expression in colorectal cancer
and further supports, that aberrant Pin1 expression may be
important for the upregulation of -catenin expression.
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Abstract
AIM: To compare the effects of neurolytic celiac plexus
block (NCPB) and videothoracoscopic splanchnicectomy
(VSPL) on pain and quality of life of chronic pancreatitis
(CP) patients.
METHODS: Forty-eight small duct CP patients were
treated invasively with NCPB (n = 30) or VSPL (n = 18) in
two non-randomized, prospective, case-controlled protocols
due to chronic pain syndrome, and compared to a control
group who were treated conservatively (n = 32). Visual analog
scales were used to assess pain and opioid consumption
rate was evaluated. In addition, the quality of life was
measured using QLQ C-30 for NCPB and FACIT for VSPL.
Although both questionnaires covered similar problems,
they could not be compared directly one with another.
Therefore, the studies were compared by meta-analysis
methodology.
RESULTS: Both procedures resulted in a significant positive
effect on pain of CP patients. Opioids were withdrawn
totally in 47.0% of NCPB and 36.4% of VSPL patients,
and reduced in 53.0% and 45.4% of the respective patient
groups. No reduction in opioid usage was observed in the
control group. In addition, fatigue and emotional well-being
showed improvements. Finally, NCPB demonstrated stronger
positive effects on social support, which might possibly
be attributed to earlier presentation of patients treated
with NCPB.
CONCLUSION: Both invasive pain treatment methods are
effective in CP patients with chronic pain.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Pain is the most significant, frequent and difficult to treat
symptom of chronic pancreatitis (CP). The pain is severe,
persistent, excruciating and unbearable[1-4]. It is often localized
in the epigastrium, radiates to the left or more frequently to
the right side, or to the lower part of the thoracic vertebral
column or to the right scapula[2-5]. The pain is often accompanied with nausea and vomiting. The underlying pathophysiological mechanisms of pain are still unknown.
Typical CP pain is associated with increased pancreatic duct
pressure and caused by stimulation of specific nociceptors
or sensing receptors[3]. Currently, the most significant reason
of pain in CP is considered to be the pressure of pancreatic
fluid increased intraductally and within the pancreatic tissue.
This may result in impaired outflow of pancreatic fluid and
may also present as pancreatic pseudocysts (in cases of
pancreatic duct rupture)[1]. It can also be influenced by selfdigestion of pancreatic ducts due to progressing inflammation
and by inflammation of nerves involved in transfer of stimuli
from the pancreas (pancreatitis associated neuritis)[6].
Afferent fibers from the celiac region may enter the
spinal cord at a different level from which the respective
efferent fibers originate. Fibers of these bunches enter the
gray matter and terminate within layers I and IV[9]. There is
no morphological or functional evidence for the existence
of an indirect celiac projection in the layer II, contrary to
the somatic projection found extensively in layers I and II[7-9].
Thus, the distribution of celiac and somatic stimuli within
the spinal cord is different. Nevertheless, the fact that visceral
pain is sometimes associated with somatic structures and
convergence of the stimuli from organs and somatic structures
into sensory neurons may further initiate a sensation of
somatic pain[10].
It is generally acknowledged that the quality of life of
CP patients significantly decreases due to severe and constant
pain[1,4]. Various methods, including invasive techniques, have
been proposed to treat pain[11]. The aim of the present study
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was to compare the effect of two most frequently applied
methods of treatment, NCPB and videothoracoscopic
splanchnicectomy (VSPL) on pain, opioid consumption rate
and quality of life of CP patients.

MATERIALS AND METHODS
Patients
Two groups of small-duct CP patients were treated in two
separate prospective, case-controlled studies with NCPB
(n = 30) or VSPL (n = 18). In addition, a control group (n = 32)
consisting of CP patients with chronic pain syndrome
managed conservatively took part in this study.
The patients chose the procedure according to their
needs (consumeric approach – orientation towards the needs
of patients).
All the procedures were perfor med by surgeons
experienced in videoscopic surgery.
The demographic data of the three groups are presented
in Table 1. No patient had structural lesions: pancreatic
duct stricture, pseudocyst, or distal common bile duct
stricture amenable to either endoscopic or surgical treatment.
The inclusion criteria were a CP diagnosed by CT scan and
endoscopic retrograde cholangiopancreatography, persistent
pain for at least 3 mo, scoring at least 66.7% on the pain
visual analog scale. Patients with pancreatic inflammatory
tumors or pseudocysts were excluded from the study.
Measurement
Pain was measured using visual analog scales and quality of
life of CP patients was assessed by well-validated EORTC,
quality of life questionnaire QLQ C-30 and functional assessment of chronic illness therapy (FACIT). The control group
completed both health-related quality of life measurements.
The patients were assessed 2 d before the treatment, then
followed up and reassessed after 2nd and 8th wk.
NCPB
The patients were fixed in the prone position with a slight
bending forward. The lower margin of the 12 th rib was
marked on both sides of the body. After the superficial
anesthesia with 1% lignocaine, the 20-G needle (10-12 cm)
pierced into the point located 5-7 cm laterally from the
midline on both sides just under the lower margin of the
12th rib, at the angle of 30-45 towards the trunk of L1 and
Th12 vertebrae or the space between L1 and Th12 vertebrae.
The canal of the needle was then additionally anesthetized
with further 6-10 mL of 1% lignocaine. The needle was
pierced into until the resistance of the bone was met. If
this resistance was met at the level of 3-5 cm under the
skin, it was assumed that the needle reached the vertebra
and the needle was withdrawn and re-introduced in order to
bypass above or below the vertebra towards its lateral surface.
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The surface was achieved at the depth of 6-8 cm. Then, the
needle was rotated 90 towards the vertebra and re-introduced
with a continuous decrease of the angle of the introduction,
aiming to slide on the lateral surface of the vertebra. When
the needle bypassed the vertebra by 1-2 cm, and after
reassuring that it was not located in the aorta or other major
vessel, 20-30 mL of 50% ethanol with 5 mL of 1% lignocaine
was injected into both sides.
VSPL
Because unilateral (preferably left-sided) splanchnicectomy
was reported to be adequate in control of the intractable
pancreatic pain [12], all patients were given a left-sided
intervention. General anesthesia was administered with
single-bronchus intubation in every case. The patient was
placed in the right lateral decubitus position with the left
arm elevated at a 90° angle, and fixed with support-arms
and bandages, and the table was then tilted 30° anteriorly in
the longitudinal axis (thus, after induction of a pneumothorax,
the lung would “fall away” from the costovertebral gutter).
After desufflation of the lung, two trocars were inserted
into the thorax: one (a 5-mm trocar) was placed in the fifth
intercostal space in a medial axillary line for the camera,
and the second (a 5-mm trocar) was placed in the seventh
intercostal space in an anterior axillary line for the instruments.
After identification of the splanchnic nerve, situated above
the aorta on the left or above the azygos vein on the right,
the parietal pleura was incised and the nerve together with
its minor connecting branches, was prepared to a distance
of 5-8 cm and then excised. After insufflation of the lung,
the trocars were removed, a single chest tube was placed,
and the wounds were closed according to surgical standards.
Statistical analysis
This study consisted of two separate, prospective, nonrandomized, case-controlled experiments (NCPB vs control
and VSPL vs control). By consequence, the statistical techniques
applied in meta-analysis were employed, fixed-effects and
effect sizes were calculated as the difference between the
outcome means of the groups divided by the pooled standard
deviations. An overall weighed effect size was obtained and
presented with 95% confidence interval (95%CI). Results
were tested for homogeneity using the Breslow-Day tests.
Parametric data were tested with t test, ANOVA, and
non-parametric estimations were conducted with U MannWhitney and 2 tests. All analyses were performed using
Statistica 6.0 software licensed to Medical University of
Gdansk.

RESULTS
The raw data and univariate statistics for both protocols
are shown in Figure 1.

Table 1 Socio-demographic data and initial medical information of all groups included in protocols 1 and 2 (mean±SD)
Protocol 1 NCPB (n = 30)
Age (yr)
Sex (M:F ratio)
Etiology (alcohol vs other ratio)
Period from the symptomatic onset of the disease

49.9±7.8
3.01
6.5
6.2±2.2

Protocol 2 VSPL (n = 18)
47.3±5.0
3.51
8.0
11.5±4.3

Control (n = 32)
52.3±6.6
3.34
7.0
7.1±3.0
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Figure 1 Results of pain and quality of life assessment in CP patients and
controls . A: VAS-Pain; B: Physical well-being; C: Emotional well-being;
D:Social support; E: Fatigue; F: Ailments characteristic for the illness. aP<0.05

t-test vs NCPB or VSPL group and corresponding control; cP<0.05 vs paired
ANOVA. Results are shown as mean±SD.

In both groups of CP patients, the therapeutic intervention
was beneficial (Table 2).
The effects were significant and very strong, especially
concerning pain, as indicated on VAS scale. In order to
control for possible regression to the mean effect, the mean
effect sizes were calculated by comparison of the results
after 2nd and 8th wk, not only to the pre-treatment baseline,
but also to the results of the control group treated conservatively
and evaluated at the corresponding periods of follow-up.
Opioids were administered to 17 patients (56.7%) in
the NCPB group and to 11 patients (61.1%) in the VSPL
group. In the control group, 18 patients (56.2%) were treated
with opioids and this number was not altered during the
follow-up. The initial frequency of opioid treatment did
not differ between the groups. The opioids were withdrawn
totally after invasive treatment in 8 (47%) NCPB patients,
and in 4 (36.4%) VSPL patients, and the dosage was reduced
in another 9 (53%) and 5 (45.4%) patients, respectively (no
statistically significant difference). No changes were observed
throughout the whole period of follow-up. In two remaining
opioid-using patients (18.2%) after VSPL, no long-term
opioid reduction could be achieved (Figure 2).
There was no mortality and no major morbidity. Orthostatic

hypotension was observed for 3 d in nine patients (30%)
from NCPB group and in one patient (5.5%) from VSPL
group. Diarrhea was resolved after symptomatic treatment
for 14 d in four patients (13.3%) from the NCPB group.
Intermittent intercostal pain was treated with paracetamol
for 2 wk in four patients (22.2%) from VSPL group. In one
of them (5.5%), intercostal nerve block had to be instituted.
In one case, classic thoracotomy had to be performed due to
massive adhesions (who was excluded from the study).

DISCUSSION
In the presented study, the effects of NCPB and VSPL on
CP patients and controls were compared. As the methods
for assessment of life quality differed in two protocols, the
comparison was performed by meta-analytic approach. The
reduction of pain was stronger in VSPL group than in NCPB
group, but the effects in both groups were very potent.
The influence on physical well-being was slightly better
in NCPB group, but did not differ statistically from the
VSPL group. No improvement concerning ailments typical
for the disease was noticed. This finding can be explained
by the fact that the analgesic treatment cannot obviously
affect the cause of the disease.
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Table 2 Comparison of mean effects of both therapeutic interventions in CP patients
Therapy

Group size

VSPL
NCPL
VSPL
NCPL
VSPL
NCPL
VSPL
NCPL
VSPL
NCPL
VSPL
NCPL

Parameter

Mean effect

a

18
30
18
30
18
30
18
30
18
30
18
30

Pain

Physical well-beinga
Emotional well-beinga
Social supporta
Fatigue
Ailments typical for the illnessa

15.82
8.89
1.81
2.19
1.12
4.40
0.08
3.55
2.52
6.87
0.05
0.64

95% CI (min-max)
(14.68-16.96)
(8.30-9.48)
(1.57-2.06)
(1.96-2.42)
(0.91-1.34)
(4.07-4.73)
(-0.11-0.29)
(3.27-3.84)
(2.25-2.79)
(6.39-7.34)
(-0.14-0.26)
(0.45-0.83)

The effects presented are mean effects of intervention after 2nd and 8th wk compared to the value measured before the therapy and after
2nd and 8th wk of follow-up compared to the control group (n = 32) treated conservatively and evaluated at the corresponding periods of
time. aP<0.05 vs others.

Outcome measurement
Pain

VSPL

Physical

NCPL

Emotional
Social
Fatigue
Ailments
0.1

5

10

15

20

Figure 2 Effect of VSPL and NCPB on pain of CP patients and controls. Bars
show mean effect from two measurements.

Interestingly, the effect on social support and emotional
well-being was significantly stronger in NCPB group than
in VSPL group. Moreover, the effect of VSPL on social
support was weak, while it was very strong after neurolysis.
This may be explained by the fact, that this procedure is the
first available treatment for the patients in the NCPB group,
whereas the VSPL patients have already tried some other
treatments, thus having longer history of chronic pain
syndrome. Therefore, the decision to receive an invasive
treatment is more intensely approved by the NCPB group
and the improvement resulting from this treatment is very
likely more appreciated emotionally by the patients.
Since conser vative treatment of CP chronic pain
syndrome is not always effective and may be associated
with significant morbidity of iatrogenic opioid addiction,
both at physical (suppression of immune function, chronic
constipation, drowsiness, and fatigue[13,14]) and psychological
level (decrease in social support, depression, addiction
behavior)[14], an attention has been paid to more invasive
methods for pain control.
In the present study, the reduction of opioid consumption
was significant in both groups, which gives an optimistic
perspective for minimizing the adverse effects of this group
of drugs, especially in the chronic treatment. Nevertheless,
in two patients treated with opioids for more than a year,
VSPL did not result in decrease of the opioid consumption
or withdrawal. As early as 3 d after the procedure, the patients

complained about persistent pain localized on the opposite
side of the abdomen. The pain could only be alleviated by
pethidine. As to date, no diagnostic or treatment guidelines
for suspected iatrogenic opioid addiction are available, opioid
analgesics were administered. It should be highlighted that
administering opioids ought to be considered as the last
resort and should only be applied, if any other method has
failed. Since the life expectancy of CP patients is 10-20 years
shorter than that of general population[15], the adverse effects
of iatrogenic opioid addiction are very likely to occur in
these patients. In contrast, the life expectancy of pancreatic
cancer rarely exceeds 12 mo[16].
The pathogenesis of pain in CP still remains a mystery.
The factors postulated in its genesis include the release of
excessive oxygen-derived free radicals, tissue hypoxia and
acidosis, inflammatory infiltration with influx of paintransmitting substances into damaged nerve ends, and the
development of pancreatic ductal and tissue fluid hypertension
due to morphological changes of the pancreas[1-5]. Di Sebastiano
et al.[6], reported that the possible additional relevant pancreatic
pain pathology factors are ischemia as well as inflammatory
and autoimmune reactions. Toma et al.[17] , described that
expression of the neurotrophin nerve growth factor
increased during the course of experimental acute pancreatitis
in rats. In human CP, neurotrophin gene expression correlates
with the intensity of pain[18], so that pathogenesis could be
speculated in acute phases of CP. Keith et al. [19], proposed
that neural and perineural alterations may be important in
pain pathogenesis of CP, and concluded that pain severity
correlates with duration of alcohol consumption, pancreatic
calcification, and percentage of eosinophils in perineural
inflammatory cell infiltrates, but not with duct dilatation.
Bockman et al.[20], have provided evidence for an increase
in both the number and diameter of pancreatic nerve fibers
during the course of CP. In tissue specimens from patients
suffering from CP, foci of chronic inflammatory cells are
often found surrounding pancreatic nerves exhibiting a
damaged perineurium and invasion by lymphocytes. These
abnormalities might allow free access of inflammatory
mediators or active pancreatic enzymes into nerves, generating
and sustaining pain.
The pro-inflammatory cytokine, IL-8 is a well-known
chemokine involved in leukocyte recruitment, and activation
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of IL-8 release generates hyperalgesia by stimulation of
post-ganglionic sympathetic neurones. A significant increase
in IL-8 mRNA has been reported in CP tissue samples[21].
Major sources of IL-8 are inflammatory cells present around
enlarged nerves in the inflammatory foci. Thus, induction
of IL-8 in immune cells might contribute to amplification
of the inflammatory process in CP. The release of IL-8
from the remaining exocrine pancreatic parenchyma may
indicate the intrinsic maintenance of the inflammatory
response after the first damage to the pancreatic gland, thus
sustaining progression and evolution of the disease[6].
It has been recently suggested that differential epidural
anesthesia might be beneficial for differentiating cases
susceptible to further sympathetic pain treatment from those
who are resistant to it[22]. Moreover, we would add that the
use of NCPB as a therapeutic and diagnostic procedure
might be crucial for selecting patients for further VSPL
treatment in case of the ailment recurrence. Thus, NCPB
should be suggested as the first step of invasive analgetic
therapy, as soon as the opioid treatment is needed. Vranken
et al.[23], have demonstrated that the efficacy of the second
NCPB in CP is significantly lower than that of the first, and
that the pain-free period is usually shorter. Therefore, when
all the non-opioid methods of analgesia are exhausted, the
second step would be left-sided VSPL. Due to rare but
fairly significant complications following bilateral splanchnicectomy[24,25], we would favor unilateral or bilateral nonsimultaneous VSPL in CP patients. Only after both-sided
VSPLs have been performed and additional NCPB is also
attempted, use of opioids is justified in CP patients.
It should also be stressed that the present analysis covers a
relatively short period of follow-up. Moreover, the use of
two different quality of life measurements may be perceived
as another drawback of the present study. Therefore, future
studies should include randomization, uniform outcome
assessment, and longer follow-up assessment.
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Abstract
AIM: To characterize the alpha-fetoprotein (AFP) positive
and negative hepatocellular carcinoma (HCC) samples.
METHODS: Thirty-seven paraffin-embedded human HCC
samples were analyzed by immunohistochemistry for the
following antigens: AFP, -catenin, p53, CD44, MSH-2,
MLH-1, and HNF-4. The tumors were divided into two groups
based on the AFP expression. The immunophenotypic data
and important clinical parameters were studied between
the two groups.
RESULTS: Twenty-one of the thirty-seven examined HCCs
were AFP positive. Seven with nuclear p53 staining were AFP
positive, while seven tumors with nuclear -catenin staining
were AFP negative. CD44 staining and high histological
tumor grade were more frequent among the AFP-positive
HCCs. The other immunophenotypical and clinical parameters
did not show statistically significant difference in their
distribution between the AFP positive and negative samples.
CONCLUSION: AFP expression in HCC correlates with
unfavorable prognostic factors, while nuclear -catenin
positivity is more common among the AFP-negative liver
tumors. This observation supports the microarray data
on in vivo human tumors.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Alpha-fetoprotein (AFP) is one of the earliest recognized
oncofetal markers[1]. It is produced in large amount by the
fetal liver, but its expression reduces sharply at birth. AFP
is synthesized by most hepatoblastomas and approximately
half of hepatocellular carcinomas (HCC), and widely used
in differential diagnosis and follow-up of patients with liver
tumors, but so far no correlation has been found between
the clinical behavior and AFP production in HCC.
DNA microarray analysis may result in the discovery
of new tumor markers and can re-evaluate the known tumor
parameters. Two independent teams studied the gene
expression profile of human HCC cell lines and divided
the cell lines into two groups, based on their gene expression
pattern. AFP expression is highly correlated with the molecular
subtypes of HCC[2,3]. This observation led us to study the
AFP expression in HCC samples and to compare it with
other immunophenotypic and clinical features of the tumor.
MATERIALS AND METHODS
Thirty-seven recently diagnosed HCC cases were collected.
Formalin-fixed and paraffin-embedded tumor samples (19
needle biopsies and 18 resected tumors) were immunohistochemically stained. The primary antibodies used were:
AFP: DAKO (A 0008), MLH-1: Bio PharMingen (554072),
MSH-2: Bio PharMingen (556349), -catenin: Sigma
(C2206), CD44: R&D (BBA10), HNF-4: Santa Cruz (SC
6556), p53: DAKO (M 3566). The reaction was visualized
using Vector Laboratories’ Elite kit (Burlingame, CA, USA),
DAB was used as a chromogen. Since AFP expression was
frequently focal, all tumors were taken as positive when
any reliable staining was detected. In case of p53 and catenin, tumors with at least 20% nuclear staining were
deemed as positive. CD44 staining resulted in a more or
less diffuse stromal reaction in positive cases. Tumor grade
and histological subtype were evaluated on H&E-stained
sections. Grading was done as previously described by
Edmondson and Steiner [4] . The tumors were classified
histologically into pseudoglandular, trabecular, sheet-like, and
mixed pattern groups. The clinical parameters studied were
age and gender of the patients, the presence of cirrhosis
and etiological factors (HCV, HBV, alcoholism, etc.).
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Unfortunately, no serum AFP value was available for half
of the patients; therefore, it was not included in our study.
Since the majority of the cases were diagnosed in the last
2 years, their survival was not analyzed. Statistical analysis
was done by 2 and Student’s t-test.
The study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki as reflected in a priori
approval by the institution’s guidelines (permission number:
TUKEB 156/2003).

RESULTS
The tumors were divided into two groups, based on the
AFP staining and other parameters. Twenty-one of the
thirty-seven examined HCCs were AFP positive (Figure 1A),
which was comparable to previous data in the literature.
No correlation was found between the AFP staining and
age/gender of the patients, etiological factors, presence or
absence of cirrhosis, histological subtype of the tumor,
MLH-1, MSH-2, HNF-4 staining (data not shown). However,
four of the parameters showed statistically significant
(P<0.05) difference between the AFP positive and negative
HCCs (Tables 1 and 2). Seven p53-positive tumors (Figure 1B)
were positive for AFP, while seven nuclear -catenin-positive
tumors (Figure 1C) AFP negative. Nineteen of the twentyone AFP-positive tumors were positive for CD44 (Figure 1D),
while only 3 of the 17 AFP-negative tumors were positive
for this adhesion molecule. Statistical comparison resulted
in a significant difference between the tumor grades (P<0.05).
The AFP-positive tumors had a higher statistical value.
DISCUSSION
We compared the distribution of several parameters between
AFP positive and negative HCCs and found that some of
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Table 1 AFP negative cases
Case number

B-catenin1

p531

CD44 2

grade

1
2

+

-

-

2
1

3

-

-

-

2

4

-

-

+

2

6
7

+
-

-

-

2
2

10

+

-

-

2

11

+

-

-

2

14
16

+
-

-

+

2
1

18

+

-

-

1

19

+

-

-

1

29
34

-

-

+

2
2

36

-

-

-

1

37

-

-

-

2

7/16

0/16

16 cases

3/16

1
Positivity indicates more than 20% nuclear staining. 2Positivity indicates diffuse
stromal staining.

them were significantly different between the two groups.
All the p53-positive tumors were stained with AFP antibody
and the CD44 positivity was also more common in this
group.
-catenin nuclear staining occurred exclusively in the
AFP-negative tumors and the tumor grade was significantly
lower in this group, which is in agreement with the reports
of Kawai et al.[2] , and Lee and Thorgeirsson[3] . There are
some sporadic observations that AFP is more frequently
expressed in poorly differentiated HCCs[5-8].
We found that three unfavorable prognostic markers
were correlated with positive AFP. Tumor grade is not as

A

B

C

D

Figure 1 Immunohistochemical reactions on tumor specimens. A: Trabecular
HCC, strong cytoplasmic AFP staining; B: Nuclear staining with p53 antibody in
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tumor cells; C: -Catenin nuclear staining in tumor cells; D: CD44 immunoreactivity
in tumor stroma.
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Table 2 AFP positive cases
Case number

B-catenin1

p531

CD44 2

Grade

5
8

-

-

+
-

2
2

9

-

+

-

2

12

-

-

+

3

13
15

-

-

+
+

3
4

17

-

+

+

3

20

-

-

+

2

21
22

-

+
-

+
+

3
3

23

-

+

+

2

24

-

+

+

2

25
26

-

-

+
+

2
2

27

-

+

+

3

28

-

-

+

2

30
31

-

-

+
+

2
3

32

-

-

+

3

33

-

-

+

2

0/21

+
7/21

+
19/21

3

35
21 cases
1

Positivity indicates more than 20% nuclear staining. 2Positivity indicates diffuse
stromal staining.
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Wnt signaling, including -catenin mutation and a low rate
of loss of heterozygocity. The Wnt signaling is intact in the
second group of tumors, but they could detect chromosomal
instability in them. AFP expression was more common in
the second group. Mao et al.[21], also described that nuclear
-catenin expression is less frequently associated with serum
AFP elevation. Unfortunately, the serum AFP values were
not available in all the cases in our study, but our results
had a close correlation with immunohistochemical staining.
Among the parameters we studied, only CD44 was
detected in microarray experiments as differentially
expressed between the AFP positive and negative HCC cell
lines[2]. This is not surprising, since the difference in p53
and -catenin is not transcriptionally regulated.
In brief, the three clearly unfavorable prognostic markers
of p53 nuclear staining, CD44 expression, and high grade
are more common in AFP-producing HCCs, while one
potentially favorable parameter, nuclear -catenin staining
occurs in AFP-negative tumors, indicating that AFP can be
used as a prognostic marker in patients with liver tumors.
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Abstract
AIM: To explore the expression and replication of hepatitis
B virus (HBV) DNA in primary duck hepatocytes (PDHs).
METHODS: Complete HBV genome was transfected into
PDHs by electroporation (transfected group, 1.19×10 12
copies of linear HBV DNA/1×10 7 PDHs). After 1-5 d of
transfection, HBsAg and HBeAg in the supernatant and
lysate of PDHs were measured with the IMX System.
Meanwhile, replicative intermediates of HBV DNA were
analyzed by Southern blotting and Dot blotting. PDHs
electroporated were used as control group.
RESULTS: HBsAg in the hepatocyte lysates of transfected
group was 15.24 (1 d), 14.55 (3 d) and 5.13 (5 d; P/N
values, positive≥2.1) respectively. HBeAg was negative
(<2.1). Both HBsAg and HBeAg were negative in the
supernatant of transfected group. Dot blotting revealed
that HBV DNA was strongly positive in the transfected
group and negative in the control group. Southern blot
analysis of intracellular total DNA indicated that there were
relaxed circular (rc DNA), covalently closed circular (ccc
DNA), and single-stranded (ss DNA) HBV DNA replicative
intermediates in the transfected group, there was no
integrated HBV DNA in the cellular genome. These
parameters were negative in control group.
CONCLUSION: Expression and replication of HBV genes
can occur in hepatocytes from non-mammalian species.
HBV replication has no critical species-specificity, and yet
hepatic-specific regulating factors in hepatocytes may be
essential for viral replication.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Hepatitis B virus; Replication; Expression;
Primary duck hepatocytes
Yao YQ, Zhang DF, Tang N, Huang AL, Zou XY, Xiao JF, Luo
Y, Zhang DZ, Wang B, Zhou WP, Ren H, Liu Q, Guo SH.
Replication of hepatitis B virus in primary duck hepatocytes
transfected with linear viral DNA. World J Gastroenterol 2005;
11(32): 5019-5021

http://www.wjgnet.com/1007-9327/11/5019.asp

INTRODUCTION
Hepatitis B is one of the fatal diseases all over the world,
and its pathogenesis is still unclear and its therapy appears
difficult too. In recent years, reports have revealed that
hepatocytes were not only the target cells infected with
hepatitis B virus (HBV) and destructed by activated cytotoxic
T lymphocytes, but also the immune modulating cells
activated by effector cells, and even take part in the process
of HBV non-cytolytic clearance [1,2]. In order to study
interactions between HBV and hepatocytes, we established
an in vitro model of primary culture hepatocytes from
heterologous species transfected with linear HBV DNA.
Since whether naked HBV DNA can replicate or express
protein in non-human hepatocytes, and whether its
replication process is similar to that in normal specific host
are not reported, we transfected linear HBV DNA into
primary duck hepatocytes (PDHs) to investigate the hostspecific regulating role in the replication of HBV in
hepatocytes from non-mammalian species.
MATERIALS AND METHODS
Isolation and culture of primary duck hepatocytes
Duck hepatitis B virus (DHBV) DNA and DHBsAg in
duck serum were negative tested by Dot blot analysis and
ELISA respectively. Hepatocytes were harvested from
Chongqing ducks using an in situ collagenase perfusion
technique[3]. The ducks were injected into the peritoneal
cavity pentobarbital sodium (30 mg/kg body weight) and
heparin (100 IU/kg body weight), the abdomen of the
animals was opened and the portal vein was exposed and
cannulated. Then the liver was in situ perfused at 37 ℃
with calcium-free, Hanks’ balanced salt solution (HBSS) for

5020

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

10 min, then with 0.2 g/L collagenase type I in calciumpresenting HBSS for 15 min. The liver was removed and
the cells were combed gently in tissue culture medium.
Hepatocytes were centrifugated, washed, and separated from
non-parenchymal cells by differential centrifugation at
50 g. Viability of hepatocytes detected by trypan blue
exclusion (TBE) was about 90%, and the cells were counted.
Freshly isolated hepatocytes were transfected with linear
HBV DNA, and then inoculated at a density of 3×106 cells
per 25 cm2 culture flask. Culture medium was composed of
RPMI 1640 with insulin (100 IU/L), penicillin, streptomycin
and 100 mL/L fetal bovine serum. Cultures were incubated
at 37 ℃ in a humidified atmosphere containing 50 mL/L
CO2 and media were renewed every two days.
Extraction of linear HBV DNA
Plasmid pEcob 6 containing two EcoRI copies of HBV
genome in a head-to-tail arrangement was used to extract
the linear HBV DNA. Extraction was carried out as
previously described[4]. Briefly, pEcob 6 was digested by
EcoRI at 37 ℃ for 2 h, then fractionated by electrophoresis
on 1% agarose gel. The complete HBV DNA 3.2 kb
fragment was extracted and quantified for transfection.
Transfection procedures
Transfection was performed as previously described[5],
electroporation conditions were optimized by Yao et al. In
briefly, 4 g linear HBV DNA was added to 1×10 7
hepatocytes and electroporated for about 29 ms at 220 V
and 950 F of capacitance. After gene transfer, the cells
were inoculated and cultured for 5 d. The electroporated
hepatocytes were used as control.
Test for HBV-specific proteins
After 1-5 d of transfection, HBsAg and HBeAg in the
supernatant and lysate of hepatocytes were identified using
radioimmunoassay kits (Abbott Laboratories) according to
the manufacturer’s instructions. The HBsAg signal/noise
(P/N ratio) >2.1 was considered positive.
DNA extraction from hepatocytes and HBV DNA replication
analysis
Intracellular total DNA was extracted 2 d after transfection.
Southern blotting was used to analyze replicative intermediates
of HBV DNA. Dot blotting was used to test the total HBV
DNA in hepatocytes from d 1 to 5 after transfection. All
procedures were performed as previously described[4].

RESULTS
Viral antigen production in transfected duck hepatocytes
Production of HBsAg and HBeAg was measured in culture
supernatant and cell lysate was collected daily from
transfected hepatocytes group. HBsAg in the lysate of
transfected hepatocytes increased during the first 3 d
following transfection, with HBsAg P/N value being around
15 (Table 1). HBsAg was negative in all culture supernatants
of transfected hepatocytes. Both lysate and supernatant
were negative for HBeAg. Both HBsAg and HBeAg in
control group were negative.
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Table 1 HBsAg values (P/N) in primary duck hepatocyte lysates
Time after transfection
Transfected group

1d

3d

15.24

14.55

5.13

1.01

0.93

1.38

Control group

5d

DNA analysis of intracellular total DNA
Dot blotting revealed that total amount of HBV DNA in
transfected hepatocytes was strongly positive from d 1 to 5
following transfection (Figure 1). Southern blot analysis of
intracellular total DNA indicated that, there were relaxed
circular (rc DNA), covalently closed circular (ccc DNA)
and single-stranded (ss DNA) HBV DNA replicative
intermediates in the transfected hepatocytes (Figure 2).
There was no integrated viral DNA in the cellular genome.

1d

3d

5d

C

Figure 1 Dot blotting test of HBV DNA in transfection group. C: control group.

M

kb
23.1
4.4
2.3
2.0

T

C

rcDNA (4.0 kb)
cccDNA (3.2-2.1 kb)
ssDNA (<1.9 kb)

Figure 2 Southern blotting analysis of HBV DNA replication in transfected
hepatocytes. M: marker of standard molecular weight; T: transfection group; C:
control group.

DISCUSSION
DHBV in vivo and in vitro models have been used for the
study of HBV infection and the evaluation of new anti-HBV
strategies[6-10]. However, until now, there is no report on the
process of viral infection, the level of DNA replication
and protein expression and the mechanisms of hepatitis B
virus in hepatocytes from heterologous species. Whether
naked HBV DNA can replicate or express protein in
nonhuman hepatocytes, and whether its replication process
is similar to that in normal specific host are still unclear.
We transfected linear HBV DNA into non-mammalian
hepatocytes, PDH to investigate the host-specific regulating
role in the replication of HBV.
Our results indicate that naked DNA of HBV can
effectively replicate in PDHs and its replicative intermediates
include relaxed circular DNA, covalently closed circular
DNA, single-stranded DNA, and non integrated viral DNA

Yao YQ et al. Replication of HBV in primary duck hepatocytes

in the cellular genome. The pattern of DNA replication of
HBV is similar to that in normal permissive human cells
and in liver of chimpanzee acutely infected with HBV[11] ,
which is the same as that of DHBV replication in liver of
chronically infected duck [12] , and is further supported by
the results of PDHs acutely or chronically infected with
DHBV [3,13]. Thus complete HBV genome effectively
transfected into primary hepatocytes can efficiently replicate.
Our results also show that HBV can effectively express
proteins in primary duck hepatocytes, such as HBsAg,
with its P/N value peak being around 15.0 1-5 d after
transfection. In our study, HBsAg was found only in the
lysate of duck hepatocytes, but not in the supernatant of
cultured hepatocytes, which can be explained that HBsAg
is insufficient to excrete in outer media of hepatocytes, and
unbalance between large, mediate and small proteins of
HBsAg might also affect its secretion. Furthermore, it needs
further study. No HBeAg was measured in the lysate or
supernatant of duck hepatocytes, which might be related
to two reasons. The first, is that in duck hepatocytes there
is no sufficient translation activators essential for effective
activation of HBV core gene promoter. Yu and Mertz[14,15],
found that HBV pre-C RNAs and pre-genome RNAs are
separately regulated by two activators. The other reason is
that shortly after expression, HBeAg is digested by lysozymes
in duck hepatocyte plasma. The real causes need further study.
In conclusion, expression and replication of HBV genes
can occur in hepatocytes from non-mammalian species,
which strongly supports the idea that replication of HBV
has no critical species-specificity, and hepatic-specific
regulating factors in hepatocytes are essential for viral
replication. Further more, the differences in inner
environments of hepatocytes from different species affect and
even determine the expressions of HBV genes and proteins.
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Abstract
AIM: To observe the expressions of early growth response
factor-1 (Egr-1) and tissue factor (TF) in rats with
cerulein-induced acute pancreatitis and to explore its
significance.
METHODS: A large dose of cerulein was used to create
the experimental acute pancreatitis model in rats. The
changes of Egr-1 mRNA and protein in rats were
observed during 30 min to 4 h after the treatment and
immunohistochemical method was used to observe the
localized expression of Egr-1 in tissues. In addition to
the mRNA expression of Egr-1 target gene, TF was
also observed. A blank control group, and a bombesinadministered group were used for comparison.
RESULTS: After the stimulation of a large dose of cerulein,
the rats showed typical inflammatory changes of acute
pancreatitis. Thirty minutes after the stimulation, the mRNA
expression of Egr-1 in the pancreatic tissue reached its
peak and then declined, while the expression of Egr-1
protein reached its peak 2 h after the stimulation.
Histologically, 2 h after the stimulation, almost all
pancreatic acinar cells had the expression of Egr-1 protein,
which was focused in the nuclei. The mRNA expression
of TF occurred 1 h after the stimulation and gradually
increased within 4 h. However, a large dose of bombesin
only stimulated the pancreatic tissue to produce a little
mRNA expression of Egr-1 and no mRNA expression of
Egr-1 protein and TF.
CONCLUSION: Egr-1 as a pro-inflammatory transcription
factor may play an important role in the pathogenesis of
acute pancreatitis by modulating the expression of TF.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Acute pancreatitis is a common disease with its severe case
having a mortality of up to 25-40%, while its pathogenesis
still remains unclear[1,2]. The activation of pancreatic enzyme
in acinar cells and its digestion of pancreatic tissues have
been generally regarded as its trigger so far. However, recent
studies on transcription factor, nuclear factor-B (NFB)
and other cytokines showed that inflammatory cytokines
play an important role in the pathogenesis of acute pancreatitis
due to their inflammation-inducing properties[3-7]. Early
growth response factor-1 (Egr-1), also known as nerve
growth factor-induced protein A, Krox-24 or Zif268, is a
transcription factor -NFB[8]. A recent study showed that
Egr-1 may be an initial factor of inflammation[9]. In our
experiment, we studied the expression of Egr-1 in rats with
cerulein-induced acute pancreatitis to understand its role in
the pathogenesis of acute pancreatitis.
MATERIALS AND METHODS
Animal models
Following the procedures for construction of animal
models[3,6], cerulein was dissolved in normal saline. Then
cerulein solution [20 g/(kg·h)] was injected into abdominal
cavity of male Wistar rats. After 4 h of the stimulation, a
large dose of sodium pentobarbital was injected into the
abdominal cavity of the rats, followed by incision of the
thorax cavity to collect blood by a syringe needle; besides, a
little lung tissue was harvested. Subsequently, an incision
was made to open the abdominal cavity to expose the
pancreatic tissue and a piece of pancreatic tissue was
harvested and put into the pre-cooled neutral PBS (pH 7.4)
with its fat removed. Pancreatic tissue was fixed in neutral
10% paraformaldehyde and cooled in liquid nitrogen and
preserved at -70 ℃. The blood was centrifuged for blood
serum, which was then preserved at -70 ℃.
Test for acute pancreatitis index
The acute pancreatitis indexes included serum amylase, tissue
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myeloperoxidase (MPO) and percentage water content. The
test procedures are described in our previous study[6].

sections were routinely dewaxed and liquefied and rabbit
Egr-1 antibody was added. Then, Egr-1 was detected.

Western blotting
According to the method described in our previous study[6],
the cooled pancreatic tissue was homogenized and centrifuged
with its supernatant for protein quantification. About 25 µg
protein was added into each hole for PAGE-SDS gel
electrophoresis, the product of which was then transferred
to PVDF film for incubation with an antibody at -4 ℃
overnight. The immunoblotting protein band was detected
using emission chemiluminescence kit. The film was scanned
and saved as a digital image (Figure 1). The antibody used
in our study was from Santa Cruz Company.

Statistical analysis
The data were expressed as mean±SD and analyzed with
SPSS 1.0 software package.

Quantitative polymerase chain reaction
The fresh pancreatic tissue was put into TRIzol (Invitrogen)
for homogenate and then chloroform and isopropanol were
added, followed by centrifugation of supernatant to obtain
DNA by ethanol precipitation. The obtained DNA was then
digested with DNA enzyme I and purified by RNA
purification (Qiagen). Through qualification of RNA, RT
kit (Promega) was used for transcription to obtain cDNA,
which was then amplified by routine PCR. SYBR (Bio-Rad)
dye was added and 27-32 cycles were amplified, the relative
production was detected with quantitative PCR system. The
result was shown in a ratio of the production to APRO.
The primers used were Egr-1 (GenBank NM_012551) of
sense: 5’CCCGTATGCTTGCCCTGTTGAGTC3’ and
antisense: 5’CCCGTTGAGGTGCTGAAGGAGTTG3’
with PCR product of 548 bp and tissue factor (TF, GenBank
U07619) of sense: 5’TGTTCAGATAAGCGATAGA3’
and antisense: 5’GTGCGAAGAAGCAGTAG3’ with a
PCR product of 482 bp as control, rat acidic ribosomal
phosphoprotein (GenBank X15096) of sense: 5’CCGCGGGAAGGCTGTGGTG3’ and antisense: 5’AGGGCCTGCTCTGTGATGTC3’ with a PCR product of 492 bp
as control.
Histology and immunohistochemistry
The tissue was processed routinely, dehydrated and paraffinembedded, cut into 5-µm-thick sections and stained with
hematoxylin and eosin. Then, the histological and
morphological changes were observed under an optical
microscope. During immunohistochemistry, the tissue
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Figure 1 Immunohistochemistry of Egr-1 in rats with acute pancreatitis.
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RESULTS
Large dose of cerulein-induced obvious acute pancreatitis
and the pancreatic tissue had the manifestations of acute
abscess, widened tissue interspace and obvious, swollen
pancreatic acinar cells (Figure 1). The indexes for diagnosis
of acute pancreatitis, including blood serum amylase, tissue
MPO, and percentage of water content, significantly
increased (Figure 2). Similar to the previous report[10],
bombesin failed to induce typical experimental acute
pancreatitis. Large dose of bombesin induced only tissue
edema, which was relatively milder than that induced by
cerulein, amylase, and MPO increased with no statistical
significance (Figure 2).
The expression of Egr-1 mRNA reached its peak 30 min
after the injection of cerulein, which was 60 times higher
than that in the control (Figure 3B). However, it significantly
declined after 4 h. Correspondingly, the expression of
Egr-1 protein occurred 2 h after injection and obviously
declined after 4 h. Egr-1 protein expression occurred 2 h
after the stimulation, and almost all acinar cells had the
expression of Egr-1 protein, while the expression was locally
stronger and the expression of Egr-1 was found in nuclei.
The expression of TF was later than that of Egr-1. Obvious
expression of TF mRNA was seen 1 h after the stimulation
and peaked in 2-4 h (Figure 3A).
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Figure 2 Effects of cerulein and bombesin on rat blood serum amylase (A),
water content of pancreatic tissue (B), and MPO level (C). Con: control group;
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Figure 3 Expression of Egr-1 and TF in rats with acute pancreatitis (A) and

control (B). Con: control; Bom: bombesin control.

DISCUSSION
Recent studies have shown that Egr-1, as one of the
transcription factors during the early stage of inflammation,
can regulate the expression of multiple inflammatory
factors, such as tumor necrosis factor, interleukin-2,
transforming growth factor-1, intracellular adhesion
molecule-1 (ICAM-1), and TF, and eradication of Egr-1
can protect lungs from injuries induced by ischemia and
decrease the expression of tissue IL-1, IL-6, ICAM-1,
MCP-1, TF, and PAI [9]. However, the expression and
function of Egr-1 in acute pancreatitis remain unclear.
In our study, during the early stage of acute pancreatitis
induced by cerulein, Egr-1 demonstrated high expression in
mRNA and protein. Its protein expression occurred 1 h
after stimulation, peaked at 2 h, and lasted for at least 4 h.
Egr-1 was found in nuclei 2 h after stimulation in our
experiment, indicating that Egr-1 may play an important
regulatory role during the early stage of acute pancreatitis.
We also found that the expression of Egr-1 in acinar cells
was locally distinct, which may be related to the property
of Egr-1 that it is extremely easy to attenuate. Being different
from cerulein, bombesin could not induce typical acute
pancreatitis[10] and did not increase blood serum amylase
and tissue MPO level although bombesin could also induce
mild edema of pancreatic tissue. Correspondingly, bombesin
induced only trace expression of Egr-1 mRNA, but
expression of protein could not be detected. The result
further indicates, that the expression of Egr-1 plays a role
in the pathogenesis of acute pancreatitis.
Previous studies have shown that during the initial and
developmental process of acute pancreatitis, ischemiareperfusion plays an important role[11] and TF is an initial
factor for coagulation, which can result in decrease of the
tissue blood flow and ischemia[8,9]. It was reported that TF
is an important targeting factor of Egr-1, whose expression
is modulated by Egr-1 [9]. Our study indicated that during
the early stage of acute pancreatitis, TF also had high
expression. However, compared to Egr-1, its expression
was 1-2 h later. Therefore, we believe that during acute
pancreatitis, Egr-1 may regulate the expression of TF and

trigger coagulation to induce ischemia of pancreatic tissue,
thus aggravating the disease. Nevertheless, the detailed
mechanism of TF during acute pancreatitis needs further
studies.
In conclusion, Egr-1, as a pro-inflammatory transcription
factor that may play an important role in the pathogenesis
of acute pancreatitis.
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Abstract
AIM: To investigat the relation between hepatotoxicity of
halothane and sevoflurane and altered hepatic calcium
homeostasis in enzyme-induced hypoxic rats.
METHODS: Forty-eight rats were pretreated with phenobarbital and randomly divided into six groups (eight in
each group) and exposed to O2/ N2/1.2 MAC anesthetics
for 1 h: normal control (NC), 21% O2/79% N 2; hypoxic
control (HC), 14% O2/86%N2 ; normal sevoflurane (NS),
21% O2/ N 2 /1.2MAC sevoflurane; hypoxic sevoflurane
(HS), 14% O2/ N2/1.2MAC sevoflurane; normal halothane
(NH)21%O2/79%N2/1.2MAC halothane; hypoxic halothane
(HH), 14% O2/N2/1.2MAC halothane. Liver specimens and
blood were taken 24 h after exposure to calcium and
determined by EDX microanalysis.
RESULTS: The liver of all rats given halothane (14% O2)
had extensive centrilobular necrosis and denaturation.
Morphologic damage was accompanied with an increase
in serum glutamic pyruvic transminase. In groups NH and
HH, more calcium was precipitated in cytoplasm and
mitochondria.
CONCLUSION: These results suggest that halothane
increases cytosolic Ca2+ concentration in hepatocytes.
Elevation in Ca 2+ concentration is implicated in the
mechanism of halothane-induced hepatotoxicity.
sevoflurane is less effective in affecting hepatic calcium
homeostasis than halothane.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
It is now recognized that two types of halothane-induced
hepatic dysfunction exist [1,2]. A mild sub-clinical form
manifested by abnormal biochemical indices of hepatic
function can be caused by toxic products of halothane
metabolism, possibly determined by genetic factors, or by
hepatic hypoxia, resulting from an imbalance between
hepatic oxygen supply and demand. A much rarer, fulminant
form may occur with severe necrosis, which may prove
fatal[3]. It is probable that this form results from an immune
reaction: an oxidative metabolite binds covalently to liver
proteins, producing a hypten, which in turn provokes
immune reaction and formation of circulating antibody.
A major question being addressed in hepato-cellular
injury is whether a unifying mechanism exists involving a
loss of regulation of cellular Ca2+ levels. In this regard,
alteration of Ca2+ homeostasis plays a major role in cell
injury induced by a diversity of situations such as chemical
intoxication and abnormal physiological states such as
ischemia [4,5].
Animal studies have provided evidence supporting a role
for altered calcium fluxes in the mechanism of halothaneinduced liver injury. In guinea pigs, hepatic calcium content
increases significantly 24 h after exposure to halothane.
Subsequent changes in liver calcium are proportional to the
severity of liver necrosis, as determined morphologically[6].
More recently it was shown that halothane, enflurane, and
isoflurane stimulated dose-dependent release of radiolabeled
calcium from internal calcium stores in isolated rat hepatocytes[7]. Further evidence in support of the carcinogenic
hypothesis of cell injury is offered by studies, in which the
administration of a calcium channel blocker reduces hepatic
necrosis in animals exposed to hepatotoxic agents, including
halothane[8]. For a better understanding of the mechanism
of liver injury, attributing to halothane and sevoflurane
hepatotoxicity, we used cytochemical methods to evaluate
the changes of intracellular calcium and corresponding
hepatic histopathological changes in enzyme-induced
hypoxic rats.
MATERIALS AND METHODS
Animal model
The protocol was approved by the institutional Animal Care
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and Use committee. Adult male Sprague-Dawley rats weighing
150-160 g were obtained from the Animal Center of the Second
Military Medical University and maintained in a 12 h darklight cycle. The animals had free access to water and diet
of Wayne rodent food. To induce the hepatic microsomal drugmetabolizing enzymes, 48 animals were given phenobarbital
(1 mg/mL) in their drinking water for 10 d prior to any
experiment [9].
For exposure to halothane and sevoflurane, animals were
placed into 35 L plexiglass cages (g per cage). These animals
were randomly divided into six groups and anesthetized for
1 h with O2/N2/1.2MAC anesthetic agents according to
the following schedule: NC group was given 21% O2/79%
N2; HC group 14% O2/86% N2; NNS group 21% O2/79%
N2/1.2MAC sevoflurane; HS group 14% O2/86% N2/1.2MAC
sevoflurane; NH group 21% O 2/79% N 2 /1.2MAC
halothane; HH group 14% O2/86% N2/1.2MAC halothane.
Nitrogen and oxygen were delivered to the chamber by
Dräger anesthetic machine at a flow rate of 4 L/min. The
concentrations of O2/CO2, halothane, and sevoflurane in
the chamber were monitored with a calibrated Capnormac
Ultima.
After anesthesia or appropriate exposure, the animals
were sent back into their metal cages and killed by
decapitation, 24 h after anesthesia. Blood from the trunks
was collected into dried beakers, and livers were rapidly
removed and placed in chilled petridishes. Serum was
separated from clotted blood, and assayed for ALT by
automated methods in the Department of Clinical Chemistry.
For histological examination , liver samples were collected
into 10% PBS, fixed and mounted on paraffin blocks.
Tissue sections were stained with hematoxylin and eosin,
Gomori trichome and a reticulin stain. Coded liver sections
were examined without knowledge of the experimental
details. The necrosis and denaturation of the slides of
each section were quantitatively estimated as previously
described[10].
Calcium cytochemistry
A portion of the right anterior lobe was cut into 0.5 mm
blocks. The specimens were treated in cold fixative
consisting of 25% glutaraldehyde in 0.9 mol/L potassium
oxalate adjusted to pH 7.4 with 1 mol/L potassium hydroxide.
Sucrose was added to 1.4% final concentration. Fixation was
done for 4 h at 4 ℃. The specimens were subsequently kept
in a cold mixture of 1% osmium tetroxide and 2% potassium
pyroantimonate for 2 h, followed by osmium tetroxide and
1% potassium ferrocyanide for 1 h. Then, the specimens
were rinsed for 15 min with distilled water adjusted to pH 10
with 1 mol/L potassium hydroxide, dehydrated in cold ethanol
series, and routinely embedded in Epon-812 or Spur.
EDX microanalysis
The 100 nm thick sections for calcium cytochemistry, were
left unstained and coated with carbon films in a vacuum
evaporator. EDX microanalysis was performed under an
analytical electron microscope (Hitachi-800) equipped with
an energy-dispersive X-ray detecting system ( EDAX, type
9 100/60). The acceleration voltage was 100 KV and the
probe current was for 100 s and evaluation of the energy-
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dispersive X-ray spectra was performed by a computer
program[11].
Statistical analysis
Data were expressed as mean±SE and analyzed by analysis
of variance. Means were compared with Fisher’s least
significant difference test. P<0.05 was considered statistically
significant.

RESULTS
Hepatotoxicity
Under conditions of hypoxia and induction of the microsomal
enzymes, halothane anesthesia produced extensive hepatic
injury. Within 24 h after exposure to halothane at 14% O2,
all the rats had many areas of hepatic necrosis radiating
from the central veins. The necrosis and denaturation in
HH group increased significantly as compared to the clusters
of lymphocytes, histocytes and neutrophils, and often
encircled by a layer of swollen hepatocytes containing single
large vacuoles, strands of degenerating cytoplasm, and
eccentric, intact pyknotic nuclei. Morphologic damage was
accompanied with an increase in serum glutamic pyruvic
transminase (P<0.01, Table 1). No statistically significant
histologic change was found in the following variables:
normal control, hypoxic control, halothane anesthesia at
21% O2, sevoflurane exposure at 21% O2 (Figure 1).
Table 1 Serum ALT levels, and hepatic damage in enzyme-induced
hypoxic rats (mean±SE)
Group

n

ALT (IU/L)

Hepatic damage

NC
HC

8
8

56.12±20.88
79.88±46.08

0.145±0.043
0.533±0.426

NS

8

58.31±23.12

0.576±0.106

HS

8

147.75±72.89

0.576±0.106

NH
HH

8
8

142.15±78.19
646.13±412.90b

0.614±0.433
2.740±0.714b

b

P<0.01 vs normal control.

Calcium cytochemistry
In NC and NS groups, calcium precipitation was located in
nuclei with mitochondria and cytoplasm as fine particles. In
HC and HS groups, intracellular calcium increased slightly.
But after exposure to 21% O2/ N2/1.2MAC halothane or
14% O2/ N2/1.2MAC halothane, more and more calcium
was precipitated in calcified cytoplasm and mitochondria.
In HH group, a large amount of calcium deposition was
found in cytoplasm and mitochondria (Figure 2).
EDX microanalysis
Qualitative analyses were performed in nuclei, mitochondria
and cytoplasm. The characteristic emission of calcium (Kal)
was observed. Neither sodium nor potassium was present.
Semi-quantitative analyses were performed in mitochondria
and cytoplasm. The calcium emission analyses are shown in
Table 2. The amount of cellular calcium increased in HH
group (P<0.01) and there was a positive linear correlation
between the calcium in mitochondria and cytoplasm.
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Fi gu re 1 Morphological change in HH group (A ) and NC group (B ).
(×20 000). A: The liver of rats anesthetized with 14% O2/86% N 2/1.2MAC
Halothane had extensive centrilobular necrosis and denaturation; B: There was

A

a increase in serum glutamic pyruvic transminase accompanying the morphologic
damage, but no marked change was found in liver morphology inhaled with
21% O2/79% N 2.

B

Figure 2 Hepatic Ca2+ cytochemical changes in HH group (A) and NC group
(B). A: The liver of rats anesthetized with 14% O2/86% N 2/1.2MAC. Halothane
had a large amount of calcium deposition as shown in cytoplasm and

mitochondria; B: The liver of rats inhaled with 21% O 2/79% N 2, calcium
precipitation was mainly located in nucleus, in mitochondria and cytoplasm
as fine particles.

Table 2 Calcium content in mitochondria and cytoplasm (mean±SE)

the means of efficiently producing quantitative data on the
internal structure of organs, tissues, and cells. These methods
can easily be applied to cytological work at the light or electron
microscopy level of resolution[13]. Although particular caution
is indicated in avoiding systematic errors which may result
from inadequate preparation, section thickness, etc, the
results are generally very reliable.
Cytosolic Ca2+ concentration in hepatocytes may increase
under hypoxic condition, which might be due to the changes
of membrane functions, such as Ca2+- ATPase activity, Na+Ca2+ exchange system[14]. But cellular and mitochondrial
calcium did not significantly increase in HC group. The
causes are follows. (1) The degree of hypoxia (14% O2) is
not severe; (2) Hypoxia differs from ischemia, and the
substances synthetizing ATP do not exhaust; (3) Ca2+-ATPase
activity may partly recover 24 h after hypoxic exposure for 1 h.
It has been proposed that hepatic damage occurs
secondary to the disruption of mechanism, which maintains
cellular calcium homeostasis. A retrospective study showed
that there is evidence that halothane can elevate cytosolic
free Ca 2+ by releasing calcium from internal calcium
stores and uptaking calcium from extracellular medium[15].
Recent work[16] has demonstrated that loss of sarcoplasmic
reticulum’s Ca2+-ATPase activity by oxidizing agents, results
direct oxidation of thiol groups on ATPase, but not lipid
peroxidation. Halothane is also an oxidizing agent, but its
mechanism underlying the increase of cytosolic Ca2+ is not

Group
NC
HC

Ca2+ (wt%)
Mitochondria

Cytoplasm

3.14±1.08
5.35±1.88

3.44±1.28
5.87±1.72

HS

5.25±1.61

5.49±1.32

HH

11.18±2.13 b

12.50±3.52 b

b

P<0.01 vs normal control group.

DISCUSSION
The principle of calcium cytochemical technique is to use
potassium pyroantimenate to deposit intracellular cations
and can contribute to the understanding of cellular cation
redistribution resulting from physiologic and pathologic
stimuli. Because the precipitation by potassium pyroantimonate
of cations is nonspecific, careful choice of reaction conditions
for calcium cytochemistry is very important, and it must be
done in conjunction with analytical techniques such as X-ray
analysis to ascertain whether other cations are deposited[12].
When tissue is first fixed with glutaraldehyde and potassium
pyroantimonate at low temperature (4 ℃), better results
can be acquired. Thus, the precipitation of calcium with
cytochemical methods in combination with EDX
microanalysis is valuable in investigating the mechanisms
of hepatocellular injuries. Stereological methods provide
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clear. Sevoflurane, an inhalation anesthetic agent, undergoes
considerable less metabolism and less disturbed Ca 2+
homeostasis than halothane, which may be relevant to its
lesser hepatotoxicity[17].
Cell injury due to loss of Ca2+ homeostasis correlates
with blebbing of plasma membranes involving cytoskeletal
proteins, Ca2+ ions and Ca2+ dependent proteases[18] . The
cytoskeletal protein is therefore expected to be a target for
cytoplasmic calcium ions that promote changes in cell shape.
Most of the known cytoskeletal receptors for calcium are
associated with the actin filament system and these may be
important in regulating many types of cell motility, including
locomotion, phagocytosis, and secretion. Cytosolic free Ca2+
plays an increasingly important and fundamental role in the
control of membrane permeability and cellular response to
stimulation. Channel of discrete unitary conductance and
selectivity activated by increased cytosolic free Ca2+ are
responsible for K+ efflux transfer and Na+ influx, respectively.
The elevation of mitochondrial Ca2+ influences mitochondrial
respiration by changing activities of three matrix enzymes,
pyruvate dehydrogenase, 2-oxoglutarate dehydrogenase and
isocitrate dehydrogenase. Ca2+ activates proteases and
endonucleases. Ca2+ enhances formation of active oxygen
species, etc.
Sugimura et al.[19], found that calcium channel blocking
agent inhibits the production of radical intermediates during
metabolism of halothane. These results suggest that calcium
can activate the metabolism of halothane. Thus, we consider
that the viscous circle of peroxidation activated by radical
intermediates and elevation of cytosolic calcium may be
the basis of halothane -induced hepatotoxicity under hypoxic
internal environment.
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Abstract
AIM: To investigate the level of nitric oxide (NO) and nitrous
oxide synthase (NOS) enzyme and its effect on gastric
mucosal pathologic change in patients infected with
Helicobacter pylori (H pylori ), and to study the pathogenic
mechanism of H pylori.
METHODS: The mucosal tissues of gastric antrum were
taken by endoscopy, then their pathology, H pylori and
anti-CagA-IgG were determined. Fifty H pylori positive cases
and 35 H pylori negative cases were randomly chosen.
Serum level of NO and NOS was detected.
RESULTS: One hundred and seven cases (71.33%) were
anti-CagA-IgG positive in 150 H pylori positive cases. The
positive rate was higher especially in those with preneoplastic diseases, such as atrophy, intestinal metaplasia
and dysplasia. The level of NO and NOS in positive group
was higher than that in negative group, and apparently
lower in active gastritis than in pre-neoplastic diseases
such as atrophy, intestinal metaplasia and dysplasia.
CONCLUSION: H pylori is closely related with chronic
gastric diseases, and type I H pylori may be the real factor
for H pylori-related gastric diseases. Infection with H pylori
can induce elevation of NOS, which produces NO.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
There is evidence that Helicobacter pylori (H pylori ) is closely
related with gastric carcinoma, and is considered as the first
grade oncogene of gastric carcinoma by World Health
Organization (WHO). H pylori infection correlates closely
with gastric mucous pathology[1-4].
NO is a medium produced in vessel endothelial cells or
smooth muscle cells by NOS[5,6]. As an inflammatory medium,
NO plays an important role in the physical function and
pathological process. Changes of NO in serum and tissue
are related with damage to gastric mucosa and H pylori
infection[7-11].
This study aimed to investigate the changes of NO, NOS
and the pathological transformation of gastric mucosa in
patients infected with H pylori.
MATERIALS AND METHODS
Patients
Two hundred and eighty-two patients with chronic gastric
disease were enrolled in this study. H pylori was detected by
both rapid urease test and real-time fluorescent quantitative
PCR in these patients. Anti-CagA-IgG was detected in the
H pylori positive patients, the serum samples were collected
from 50 H pylori positive patients and 35 H pylori negative
patients for detection of NO and NOS.
Real-time fluorescent quantitative PCR
Real-time fluorescent quantitative PCR was performed with
PCR kit (Da’an Gene Diagnosis Center, Guangzhou).
Fluorescence was detected with a type DA620 fluorescent
detector.
Cag A H pylori-IgG
CagA H pylori IgG was detected according to the manufacturer’s
instructions (Shanghai Jingying Biology Corporation).
Measurement of NO and NOS
Because NO could be converted into NO2- and NO3- in
vivo, nitrate reductase was used to deoxidize NO3- into
NO2-, and to determinate its concentration. NO and NOS
were tested with the kits, (Nanjing Jiancheng Biology
Corporation).
Statistical analysis
Data were presented as mean±SD and analyzed with SPSS
software. Statistical analysis was performed using two-tailed
Student’s t test and 2 test. P<0.05 was considered statistically
significant.
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RESULTS
Relationship between H pylori infection and pathology
Among the 282 cases, H pylori was found in 150 cases,
(53.19%), including 38.54% (37/96) in chronic superficial
gastritis group, 51.26% (61/119) in atrophic gastritis group,
73.17% (30/41) in intestinal metaplasia group, and 84.62%
(22/26) in dysplasia group. The H pylori positive rate in
atrophic gastritis group was higher than that in chronic
superficial gastritis group (P<0.05), and significantly higher
in intestinal metaplasia group and dysplasia group than that
in chronic superficial gastritis group (P<0.01, Table 1).

Group
CSG
CAG

H pylori positive

n

H pylori negative

96
119

37 (38.54)
61 (51.26)a

59 (61.46)
58 (48.74)

IM

41

30 (73.17)b

11 (26.83)

Dysplasia

26

22 (84.62)b

4 (15.38)

282

150 (53.19)

132 (46.81)

Total
a

P<0.05, bP<0.01 vs CSG.

Relationship between anti-CagA-IgG and pathology
The anti-CagA-IgG positive rate was 71.33% (107/150) in
150 H pylori positive patients, including 40.54% (15/37) in
chronic superficial gastritis group, 75.41% (46/61) in atrophic
gastritis group, 86.67% (26/30) in intestinal metaplasia group
and 90.91% (20/22) in dysplasia group. The anti-CagA-IgG
positive rate in chronic superficial gastritis group was significantly
lower than that in the other three groups (Table 2).

H pylori positive

CSG
37

n
Anti-CagA Positive (%)

15 (40.54)

b

CAG

IM

Dysplasia

61

30

22

46 (75.41) 26 (86.67) 20 (90.91)

b

P<0.01 vs Cag, IM, dysplasia.

Relationship between NO, NOS, and H pylori infection
The serum concentration of NO and NOS was 87.6±16.1
mol/L and 51.4±13.3 mol/L respectively in H pylori
positive group, and 69.8±19.4 mol/L and 35.2±13.3
mol/L respectively in H pylori negative group (Table 3).

Table 3 Serum concentration of No and NOS(mean±SD)
Group

n

NO(mol/L)

NOS(mol/L)

H pylori positive

50

87.6±16.1b

51.4±13.3b

H pylori negative

35

69.8±19.4

35.2±13.3

b

P<0.01 vs H pylori negative group.

Relationship between NO, NOS, and pathology
The serum concentration of NO in chronic superficial

H pylori negative

Group
n

Concentration

n

Concentration

CSG

16

80.0±14.6a

11

62.2±16.9a

CAG

25

95.4±8.4

21

74.6±19.2

IM

12

91.2±13.9

4

75.5±27.7

9

95.3±10.3

3

71.5±19.6

a

P<0.05 vs atrophic gastritis group, intestinal metaplasia group, and dysplasia group.

The serum concentration of NOS in chronic superficial
gastritis group was significantly lower than that in atrophic
gastritis group, intestinal metaplasia group and dysplasia group
(P<0.05), but there was no significant difference among
the four groups (Table 5).

Table 5 Serum concentration of NOS in different pathological groups
(mol/L, mean±SD)
H pylori positive

H pylori negative

Group
n

Concentration

n

Concentration

CSG

16

38.0±12.4a

11

31.7±9.4

CAG

25

57.6±8.3

21

35.4±13.0

IM

12

54.8±8.3

4

26.1±4.4

9

59.6±9.4

3

46.1±22.9

a

Group

Number 32

Table 4 Serum concentration of NO in different pathological groups
(mol/L, mean±SD)

Dysplasia

Table 2 Positive rate of anti-CagA in 150 H pylori positive patients
(%)

Volume 11

gastritis group was significantly lower than that in atrophic
gastritis group, intestinal metaplasia group and dysplasia group
(P<0.05, Table 4).

Dysplasia

Table 1 H pylori positive rate in chronic gastric disease (%)
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P<0.05 vs atrophic gastritis group, intestinal metaplasia group, and dysplasia group.

DISCUSSION
H pylori infection plays a leading role in the pathogenesis of
chronic gastritis. Furthermore, H pylori infection is also a
high risk factor for the development of gastric cancer [12].
H pylori can destroy gastric mucosa, leading to inflammation
of gastric mucosa and digestive symptoms.
Our study showed that the H pylori positive rate in chronic
superficial gastritis group was 38.54%, suggesting that
H pylori is related to inflammation of gastric mucosa. Other
factors may be involved in inflammation of gastric mucosa,
such as pH value, mucus, glycoprotein. But in atrophic
gastritis group, intestinal metaplasia group, and dysplasia
group, the H pylori positive rate was 51.26%, 73.17% and
84.62%, respectively, indicating that H pylori infection has a
close relationship with gastric pre-neoplastic diseases, such
as atrophy, intestinal metaplasia, and dysplasia.
It was reported that H pylori has two types. Type I H pylori
possesses high virulence energy producing cytotoxinassociated protein A and vacuole toxin, which are responsible
for inflammatory response of gastric epithelial cells, and
promotes cell proliferation and apoptosis [13,14]. Therefore,
type I H pylori has a close relationship with development of
gastric pre-neoplastic diseases[15-18]. Our study showed that

Wang YF et al. H pylori infection and NO and NOS level

the pathological change of gastric mucosa was parallel with
the anti-CagA-IgG positive rate. These observations support
the hypothesis that type I H pylori infection is a high risk
factor for the development of gastric pre-neoplastic diseases.
It has been proved that there are lots of NOS in smooth muscle
cells and myenteric nerve plexus of stomach[19], which are
induced to produce endogenic NO by cytotoxins of H pylori.
Moreover, a high pH value is beneficial for anaerobes to
colonize in the stomach, and can degrade nitrate of food
into nitrite. NO is regarded as an important inflammatory
medium, related with acute and chronic inflammatory
responses[20-22]. But NO seems to have both beneficial and
harmful effects on different stages of inflammation. In earlier
period, NO can relieve mucosal inflammation and prevents
cellular damage. However, it can prevent cellular apoptosis,
induce mutation and contribute to the development of
gastric pre-neoplastic diseases in later period[23].
In this study, the levels of NO and NOS in chronic
superficial gastritis group were significantly lower than those
in pre-neoplastic diseases groups, such as atrophic gastritis
group, intestinal metaplasia group, and dysplasia group in
H pylori positive patients, but the condition existed not only
in H pylori positive group, but also in H pylori negative group,
suggesting that the serum level of NO induced by H pylori
may be related with pre-neoplastic diseases. In H pylori
negative patients, the levels of NOS had no difference in
every pathological group, but the levels of NO were
significantly higher in gastric pre-neoplastic disease groups,
showing that other ways may stimulate the producing of
NO besides H pylori in pre-neoplastic diseases. However, we
believe that NO plays an important role in the development
of pre-neoplastic diseases.
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Abstract
AIM: To explore the expression and correlation of CD44v6,
vascular endothelial growth factor (VEGF), matrix
metalloproteinase (MMP)-2 and matrix metalloproteinase
(MMP)-9 in Krukenberg and primary epithelial ovarian
carcinoma.
METHODS: The expressions of CD44v6, VEGF, MMP-2
and MMP-9 were detected by immunohistochemical
method in 20 cases of normal ovarian tissues, 38 cases
of Krukenberg tumor and 45 cases of primary epithelial
ovarian carcinoma.
RESULTS: The expression of CD44v6 (primary epithelial
ovarian carcinoma tissue vs normal ovarian tissue:
2 = 4.516, P = 0.034; Krukenberg tumor tissue vs normal
ovarian tissue: 2 = 19.537, P = 0.001) and VEGF (primary
epithelial ovarian carcinoma tissue vs normal ovarian
tissue: P = 0.026; Krukenberg tumor tissue vs normal
ovarian tissue: 2 = 22.895, P = 0.001) was significantly
higher in primary epithelial ovarian carcinoma tissue and
Krukenberg tumor tissue than in normal ovarian tissue.
The positive expression rate of MMP-2 and MMP-9 was 0%
in the normal ovarian tissue. The positive expression rate
of CD44v6 (2 = 10.398, P = 0.001), VEGF (2 = 13.149,
P = 0.001), MMP-2 (2 = 33.668, P = 0.001) and MMP-9
(2 = 38.839, P = 0.001) was remarkably higher in
Krukenberg tumor than in primary epithelial ovarian
carcinoma. The correlation of CD44v6, VEGF, MMP-2, and
MMP-9 was observed in primary epithelial ovarian carcinoma
and Krukenberg tumor.
CONCLUSION: CD44v6, VEGF, MMP-2, and MMP-9 are
involved in ovarian carcinoma, gastric cancer and
Krukenberg tumor. Detection of CD44v6, VEGF, MMP-2
and MMP-9 may contribute to the diagnosis of ovarian

INTRODUCTION
Gastric cancer is one of the common malignancies in
gastrointestinal tract[1-3]. Its metastasis rate is 64.2% in
China[4]. Krukenberg tumor is an ovary metastatic cancer
from gastrointestinal cancer. Krukenberg tumor is highly
malignant with a poor prognosis and its mechanism is not clear.
Invasion and metastasis are the leading biological
characteristics of malignant tumor, and have a close relation
with factors such as movement of tumor cells, apoptosis
and metastasis-associated genes. VEGF is an important
angiogenic factor, which may induce angiogenesis in tumor,
and has a higher expression in tumor tissues, which is closely
related with invasion and metastasis of tumor[5-7]. CD44v6 is
one of the numerous adhesive molecules and a transmembrane
glycoprotein located on cell surface. It induces homing of
lymphocytes and participates in adhesion between cells,
influencing invasion and metastasis of tumor[8-10]. MMP is
one of the proteolytic enzymes and plays an important role
in occurrence and development of tumor[11-13].
MATERIALS AND METHODS
Patients and specimens
Patients were selected from Tumor Hospital of Harbin
Medical University from 1992 to 2001. All patients were
informed of the purpose of the study and gave their
informed consent. Forty-five cases of primary epithelia
ovarian carcinoma (15 cases of serious adenocarcinoma,
16 cases of mucous adenocarcinoma, and 14 cases of others
pathologic types) and 35 cases of Krukenberg tumor were
included in the study. All ovarian cancers had metastasis to
other organs and all Krukenberg tumors came from gastric
cancer. The age of the patients was 20-75 years, averaged
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41 years. All cases were diagnosed by histology or cytology,
and received no chemotherapy and radiotherapy before
operation. Specimens were embedded in paraffin.
Reagents and method
Monoclonal antibody was purchased from Bossed Company
of Wuhan. Immunohistochemical method was used to
detect the expression of CD44v6, VEGF, and MMPs.
Staining was performed following the manufacturer’s
instructions. The first antigen of negative control was
replaced by PBS.
Determination criteria
The cells with unambiguous brown and yellow particles
present in cytoplasm of tumor cells under optical microscope
were defined as positive cells. Positive intensity was divided
into three grades: weak positive (counting score was 1), strong
positive (counting score was 3) and moderately positive
(counting score was 2). At the same time, the number of
positive cells was calculated. Zero to four grades represented
the number of positive cells less than 5%, 5-25%, 26-50%,
51-75% and more than 75%, respectively. The last counting
scores were intensity scores. If the product had one or
more scores, it was positive. Otherwise, it was negative.
Statistical analysis
Analysis of variance was used to analyze the difference
between groups. Data were analyzed by 2 test or Fisher’s
exact test. Correlation among variables was tested by Pearson
of bivariate.

RESULTS
Expression of CD44v6, VEGF, MMp-2, and MMp-9 in ovarian
carcinoma, Krukenberg tumor, and gastric carcinoma
Positively staining particles of Cd44v6 were mainly
distributed in plasmalemma of tumor, some of which were
expressed in cytoplasm (Figure 1A). Significant difference
in positive expression was observed between normal ovarian
tissue and primary epithelial ovarian carcinoma, Krukenberg
tumor, and gastric carcinoma (P<0.05). The positive
expression of CD44v6 had no significant difference in
ovarian carcinoma, ovarian mucous carcinoma and other
carcinomas. No significant difference was found in
moderately- and poorly-differentiated Krukenberg tumor.
Positive-staining particles of VEGF were mainly

A

B

Figure 1 Expression of VEGF (A), CD44v6 (B), MMP-2 (C) and MMP-9 (D)
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distributed in cytoplasm (Figure 1B). The positive expression
rate was higher in primary epithelial ovarian carcinoma,
Krukenberg tumor, and gastric carcinoma than in normal
ovarian tissue (P<0.05). The positive expression rates of
VEGF were 31.1% and 71.1% respectively for primary
epithelial ovarian carcinoma and Krukenberg tumor (P<0.05).
No significant difference was found in ovarian carcinoma.
No significant difference in positive expression rate was
observed in moderately-and poorly-differentiated Krukenberg
tumor.
Positive-staining particles of MMP-2 and MMP-9 were
distributed in cytoplasm (Figures 1C and D). Positive
expression rate of MMP-2 and MMP-9 was 0% in normal
ovarian carcinoma (0/20). The positive expression rate of
MMP-2 and MMP-9 was significantly higher in Krukenberg
tumor, than in primary epithelial ovarian carcinoma (P<0.05
for all of them). There was no relation between positive
expression rate of MMPs and pathological types of primary
epithelial ovarian carcinoma and between positive expression
rate of MMPs and differentiation degree of Krukenberg
tumor.
There was no significant difference in positive expression
rate of VEGF, CD44v6, and MMP-2 between gastric
carcinoma and Krukenberg tumor. The positive expression
rate of MMP-9 was remarkably higher in Krukenberg tumor
than in gastric carcinoma (P<0.05). Obvious difference of
positive expression rate of MMP-2 and MMP-9 was found
in different differentiation degrees of gastric carcinoma.
The positive expression rate was significantly higher in
poorly-differentiated gastric carcinoma than in well- and
moderately-differentiated gastric carcinoma (P<0.05, Table 1).
Relation among expressions of CD44v6, VEGF, MMP-2, and
MMP-9
Positive expression was graded by rank correlation method.
The results indicated that there was a remarkable relation
between positive expressions of VEGF and CD44v6,
CD44v6 and MMP-2 and MMP-9, MMP-2, and MMP-9
(Table 2).
In primary epithelial ovarian carcinoma, there was a
significant relation between expressions of CD44v6, VEGF,
MMP-2, and MMP-9 (Table 3). VEGF vs MMP-9, and
CD44v6 vs MMP-9.
The relation between variables was significant in gastric
carcinoma (Table 4).

C

D

in Krukenberg tumor by immunohistochemical method.
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Table 1 Expression of CD44v6, VEGF, MMP-2, and MMP-9 in epithelial ovarian carcinoma, Krukenberg tumor, and gastric carcinoma
CD44v6
n

VEGF

n

%

MMP-2
%

n

n

MMP-9
%

n

%

Normal ovarian tissue

20

2

10.0

1

5.0

–

Epithelial ovarian cancer

45

16

35.6

14

31.1

8

17.8

6

Serous adenocarcinoma

15

6

40.0

7

46.7

4

26.7

3

20.0

Mucous adenocarcinoma

16

4

25.0

3

18.8

2

12.5

2

12.5

Other types
Krukenberg tumor

–
13.3

14

6

42.9

4

28.6

2

14.3

1

7.1

38

27

71.1

27

71.1

31

81.6

31

81.6

Moderate differentiation

14

9

64.3

10

71.4

12

85.6

10

71.4

Poor differentiation

24

18

75.0

17

70.8

19

79.2

21

87.5

38

30

78.9

27

73.7

25

65.8

23

60.5

High and moderate differentiation

16

12

75.0

9

56.3

7

31.8

6

37.5

Poor differentiation

22

18

81.8

16

72.7

18

81.8

17

77.3

Gastric carcinoma

Table 2 Relation between expressions of CD44v6, VEGF, MMP-2,
and MMP-9 in Krukenberg tumor
CD44v6

VEGF

MMP-2

r

P

0.342

0.023

CD44v6
MMP-2

r

MMP-9

P

r

P

0.498

0.000

0.498

0.000

0.419

0.005

0.213
0.488

0.212
0.001

Table 3 Relation between expressions of CD44v6, VEGF, MMP-2,
and MMP-9 in primary epithelial ovarian carcinoma
CD44v6

VEGF

MMP-2

r

P

0.605

0.004

CD44v6

r

MMP-9

P

r

P

0.608

0.003

0.711

0.000

0.684

0.001

0.804

0.000

0.457

0.037

MMP-2

Table 4 Relation between expressions of CD44v6, VEGF, MMP-2,
and MMP-9 in primary gastric carcinoma
CD44v6

VEGF
CD44v6
MMP-2

r

P

0.366

0.046

MMP-2
r

MMP-9
P

r

P

0.246

0.378

0.385

0.035

0.456

0.011

0.200

0.475

0.439

0.015

DISCUSSION
CD44v6 is highly expressed in serum and tissues of ovarian
carcinoma and correlates with development of ovarian
carcinoma[14,15] . In the present study, the expression of
CD44v6 was significantly higher in primary epithelial ovarian
carcinoma and Krukenberg tumor than in normal ovarian
tissue (P<0.05), suggesting that expression of CD44v6 is
related with malignant behaviors of ovarian carcinoma. The
high expression of CD44v6 correlates with formation,
development and transfer of ovarian carcinoma.
CD44 plays an important role in regulation of progress
and metastasis of primary gastric carcinoma. Our study
found that there was a significant difference in positive
expression rate of CD44 between primary epithelial ovarian

carcinoma and Krukenberg tumor (P<0.05). The positive
expression rate of CD44v6 was higher in primary gastric
carcinoma (78.9%), indicating that higher expression of
CD44v6 has a close correlation with metastasis of gastric
carcinoma. It was reported that the positive expression rate
of CD44v6 is 64-77% in gastric carcinoma tissue[16-18].
Studies indicate that superfluous expression of CD44v6
correlates closely with occurrence, development, infiltration
and metastasis of cancers.
VEGF is one of the agents accelerating the formation
of blood vessels[19-21] , and has multiple functions after it
binds to specific receptors of endothelial cell surface,
indicating that the development, infiltration and metastasis
of cancer is related with higher expression of CD44v6 in
cancer[5-7,22].
VEGF is highly expressed in serum and tissues of
ovarian carcinoma[23-28]. In the present study, the expression
of VEGF was significantly higher in primary epithelial
ovarian carcinoma and Krukenberg tumor than in normal
ovarian tissue (P<0.05), indicating that the occurrence,
development and metastasis of ovarian carcinoma is closely
related with high expression of VEGF.
It has been identified that tumor metastasis is accelerated
by VEGF, which is highly expressed in gastric carcinoma.
VEGF may be used as an index for poor prognosis of gastric
carcinoma[29-34] . The positive expression is significantly
different between primary epithelial ovarian carcinoma
and Krukenberg tumor (P<0.05). There is no significant
difference between mucous and mixed epithelial tumor
and differentiation of Krukenberg tumor (P>0.05). The
expression of VEGF is higher in primary gastric cancer,
suggesting that cancer metastasis may be accelerated by
VEGF. It was reported that the expression of VEGF is
higher in carcinoma of colon with metastasis, than in
carcinoma of colon without metastasis[35-38], suggesting that
metastasis of colonic carcinoma is closely related with
positive expression of VEGF.
MMPs play an important role among enzymes breaking
the extracellular matrix. MMP-2 and MMP-9 are closely
related with metastasis of tumor [39-41] . Collagenase has
enzymolysis not only for matrix component of cells, but
also for main component of membrana basalis. The
expression of collagenase increases obviously in tumor
tissues, metastasis and serum[42-44].
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In this study, MMP-2 and MMP-9 were not expressed
in ovarian normal tissue. The expression was low in primary
epithelial ovarian carcinoma, the reasons might be that the
samples were stored for a long time and the staining was
not ideal. Expression of MMP-2 and MMP-9 was higher
in malignant tumor tissues than in normal tissues. There
was a significant difference in expression of MMP-2 and
MMP-9 between Krukenberg tumor and normal tissue, and
primary epithelial ovarian carcinoma and normal tissue
(P<0.05). The expression rate was higher in primary gastric
cancer. The results indicate that invasion and metastasis of
tumor are accelerated by MMP-2 and MMP-9, and MMP-2
and MMP-9 play an important role in the metastasis of
gastric carcinoma. It was reported that invasion and metastasis
of tumors are related to the expression of MMP-2 and
MMP-9 [45,46] . High expression of MMP-2 and MMP-9
may be the molecular basis of invasion and metastasis of
tumor cells. Invasion and metastasis are present, if there is
overexpression of MMP-2 and MMP-9 in tumor tissue.
There was not a significant difference in MMP-2
expression between moderately- and poorly-differentiated
Krukenberg tumor (P>0.05), indicating that expression of
MMP-2 is not related with tumor differentiation.
Tumor metastasis nvolves a series of complex processes.
Many gene products take part in the process and play an
important role in forming metastasis. The significant
correlations were obtained between variables in primary
epithelial ovarian carcinoma and Krukenberg tumor, but
not in CD44v6 and MMP-9 in our study, indicating that
the above-mentioned factors participate in tumor invasion
and metastasis.
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Abstract
AIM: To investigate the role of inflammatory and anti-viral
genes in the pathogenesis of SARS.
METHODS: cDNA microarrays were used to screen the
gene expression profiles of peripheral blood mononuclear
cells (PBMCs) in two SARS patients (one in the acute
severe phase and the other in the convalescent phase)
and a healthy donor. In addition, real-time qualitative PCR
was also performed to verify the reproducibility of the
microarray results. The data were further analyzed.
RESULTS: Many inflammatory and anti-viral genes were
differentially expressed in SARS patients. Compared to
the healthy control or the convalescent case, plenty of
pro-inflammatory cytokines such as IL-1, TNF-, IL-8, and
MAPK signaling pathway were significantly upregulated
in the acute severe case. However, anti-inflammatory
agents such as IL-4 receptor, IL-13 receptor, IL-1Ra,
and TNF--induced proteins 3 and 6 also increased
dramatically in the acute severe case. On the contrary, a
lot of IFN-stimulated genes like PKR, GBP-1 and 2, CXCL-10
and 11, and JAK/STAT signal pathway were downregulated
in the acute severe case compared to the convalescent
case.
CONCLUSION: Gene expression in SARS patients mirrors
a host state of inflammation and anti-viral immunity at
the transcription level, and understanding of gene
expression profiles may make contribution to further
studies of the SARS pathogenesis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
A new contagious disease occurred in 2003[1-3], which lasted
for at least 6 mo and swept over 29 countries in the world,
causing numerous deaths and triggering public panic[4].
However, it took less than 2 mo to successfully identify
the causative agent-a novel coronavirus[3,5] . Meanwhile,
investigation of the unique pathogenic mechanism of this
disease is still challenging and intriguing. Clinical data suggest
that it is an abnormal pathological reaction to pulmonary
viral infection characterized by acute lung injury[1,2,4,6] that
determines the process of the symptoms. Acute lung injury
is a multi-factorial, pathophysiological process involving
cytokines and adhesion molecules, as well as inflammatory
and immune cells[6-8] . Many pro- and anti-inflammatory
cytokines such as IL-1, TNF-, IL-8, IL-4, and IL-10 have
been demonstrated to play a pivotal role in the pathogenesis
of acute lung injury and severe systemic inflammation[6,8-11].
To determine the role of cytokines in the pathogenesis of
SARS, immunological techniques such as RIA, ELISPOT,
and ELISA have been employed to measure cytokine
alterations in blood samples from SARS patients[12-14]. Jones
et al.[12], reported that the number of IFN-, IL-2, IL-4,
IL-10, and IL-12 secreting cells induced by T-cell activators
is below normal in many or most patients, while the number
of cells which are induced to produce IL-6 and TNF- by
T-cell or monocyte activators is higher than normal in many
early SARS patients, and increases in some SARS patients
during and after treatment. Wong et al.[13], found that Th1
cytokine, inflammatory cytokines such as IL-1, IL-6, and
IL-12 and chemokines such as IL-8, MCP-1, and IP-10 are
increased. Furthermore, Zhang et al.[14], revealed that there
is a difference in relationship between IL6, IL-8, TGF-
concentration, and SARS severity (positive for IL-6, but
negative for IL-8 and TGF-). Although these studies have
shown the evidence of activated Th1 cell-mediated
immunity and the hyper-innate inflammatory response, the
role of these cytokines in the pathogenesis of the severe
systemic inflammation and the mechanisms underlying the
pathogenesis of SARS need to be further studied.
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Development of microarray technology has provided a
powerful tool for study of the complicated biological process
in cells and tissues. cDNA microarray is used to analyze the
virus-host cell interactions, and improvements have been
achieved in the diagnosis, treatment, and prevention of
infectious diseases[15] . Therefore, in this study, we used
cDNA microarray to analyze the global gene expression
profiles of peripheral blood mononuclear cells (PBMCs)
from two SARS patients, one in the acute severe phase and
the other in the convalescent phase. The results may make
contribution to studies of the SARS pathogenesis.

MATERIALS AND METHODS
Patients
Shanghai Municipal Hospital for Infectious Diseases was
the appointed hospital for SARS patients during the SARS
outbreak in Shanghai area. A total of seven patients with
SARS were accepted for treatment in this hospital from 2nd
May to 20th August 2003. In this study, two SARS patients
in different clinical courses were enrolled, one in the acute
severe phase (1 wk after admission to hospital and died 1 d
after blood samples were taken) and the other in the
convalescent phase (about 1 mo after admission). After
admission to the hospital, both patients received the standard
treatment. Additional clinical information is summarized
in Table 1.
Table 1 Clinical characteristics of two SARS patients
P1

P2

Age (yr)

57

40

Gender

Male

Female

Body temperature (℃)

39.2

36.8

White cell count (×109/L)

13.30

4.67

Neutrophil (×109/L)

12.80

3.25

Lymphocyte (×109/L)

0.406

CD3+ (/µL)

0.897

359

791

CD4+CD3+/CD3+ (%)

86

58

CD8+CD3+/CD3+ (%)

13

36

CD4+CD8+CD3+/CD3+ (%)

4

2

CD4+/CD8+

6.38

Monocyte (×109/L)

0.122

0.442

Eosinophil (×10 9/L)

0.004

0.033

Basophil (×10 9/L)

0.009

Outcome

Death

1.62

0.041
Rehabilitation

Blood samples and RNA isolation from peripheral blood
mononuclear cells
Blood samples (5 mL each) were collected from two patients
and a healthy donor with anticoagulant at bedside. PBMCs
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in lymphocyte separation medium (Sigma, USA) were
isolated. Total RNA was isolated using the TRIzol reagent
(Invitrogen, USA) according to the manufacturer’s instructions.
After TRIzol purification, RNA was repurified by phenolchloroform extraction and ethanol precipitation, and quantified
by spectrophotometry. In addition, RNA samples were
electrophoresed on 2.2 mol/L 0.7% agarose-formaldehyde
gel and visualized by ethidium bromide staining to ensure
that there was not overt RNA degradation.
Microarray hybridization and data analysis
Microarray hybridization was performed by Shanghai
Genentech Company according to the standard Affymetrix
protocol. In brief, RNA from two patients and a healthy
control was converted to cDNA with SuperscriptTM II RT
(Invitrogen, USA) and then to biotin-labeled cRNA with
RNA transcript labeling kit (Affymetrix, USA). cRNA was
cleaned up and qualified and then fragmented for
hybridization. After hybridization to the human HG-U113A
GeneChip containing approximately 13 000 unique genes
or expression-signature tags (Affymetrix), the gene chips
were automatically washed and stained with streptavidinphycoerythrin by a fluidics system. After the chips were
scanned with a GeneArray scanner (Hewlett-Packard, USA),
gene transcript values were determined using algorithms
in the Microarray Analysis Suite Software (5.0 version,
Affymetrix). Each chip was scaled to an overall intensity of
1 500 to correct for minor differences in the overall chip
hybridization intensity and to allow comparison between
chips. Data were normalized to the average of the healthy
control. The gene lists of two patients containing genes with
P<0.05 were put out in the style of Excel files.
Real-time quantitative PCR
Real-time quantitative PCR of cDNA samples from two
patients and a healthy control was carried out in triplicate
with the indicated primers (Table 2), at a volume of 20 L
using FastStart DNA Master SYBR Green I Mixture Kit®
(Roche Diagnostics, USA) in a LightCycle® system (Roche
Diagnostics, USA). Initial denaturing for 10 min at 95 ℃
was followed by 45 cycles at 95 ℃ for 10 s, at 55 ℃ for 15 s,
and at 72 ℃ for 20 s. Detection of the fluorescent products
was set at the last step of each cycle. To determine the
specificity of amplification, melting curve analysis was
applied to all final PCR products, after the cycling protocol.
In addition, template-free negative controls were run with
each gene specific primer. PCR for RNA products of three
samples was performed in order to exclude genomic DNA
contamination. The standard curve was prepared with a
serial of dilutions of genomic cDNA from a GAPDHcontaining plasmid. Results were representative of three
independent experiments.

Table 2 Primer sequence used in real-time quantitative PCR analysis
Accession number

Description

Forward primer (5’→3’)

Reverse primer (5’→3’)

NM_000634

IL-8R 

GGAACTGGTGTCTTCAGGG

CATCTAATGTCAGATTCGGGG

NM_003855

IL-18R1

GGGTATTACTCCTGCGTGCA

CCATTTTCTTCCCCGAACATCC

BC025925

GAPDH

GGTATCGTGGAAGGACTCATGAC

ATGCCAGTGAGCTTCCCGTTCAGC

Yu SY et al. Gene transcription features of mononuclear cells

RESULTS
Validation of microarray results
To verify the reproducibility of the microarray results, 2
genes (IL-8 receptor- and IL-18 receptor-1) were selected
and tested by real-time quantitative PCR. GAPDH was used
as internal control to normalize the total RNA. The ratios
of the signal intensity of specific genes to GAPDH, as well
as their comparison to microarray results, are listed in
Table 3. As shown in Table 3, the results of RT-PCR analysis
were aligned with those from the microarray analysis,
suggesting the creditability of our microarray results.
Table 3 Comparison of microarray and real-time quantitative PCR
analysis on selected genes (mean±SD)
Gene description

Techniques

P1

P2

IL-8R 

Microarray

73.52

–

IL-18R1

Real-time qPCR
Microarray

11.63±0.15
42.33

0.37±0.09
–

Real-time qPCR

48.55±0.36

0.38±0.27

Global characteristics of gene expression in PBMCs of SARS
patients
We uploaded the genes altered over 2.0-fold (at http://
www.mvlab-fudan.cn/part9.htm) to Affymetrix online data
analysis system (https://www.affymetrix.com/analysis/
netaffx/batch_query.affx), and then got an illustration of
hierarchical structure according to their biological process.
The number of genes changed over 2.0-fold in two SARS
patients is summarized in Table 4. Results showed that
many genes including those for cell communication, cellular
physiological process, death, metabolism, organismal
physiological process, and response to stimulus changed
significantly in both SARS patients. The number of genes
changed in the acute severe case, was much higher than
that in the convalescent case.

Table 4 Functional categories of over 2.0-fold-regulated genes in
two SARS patients
Classification
Cell communication
Cell differentiation
Cellular physiological process
Coagulation

P1

P2

802 (518↑284↓)

288 (116↑172↓)

65 (33↑32↓)
1 056 (645↑411↓)
42 (25↑17↓)

24 (6↑12↓)
406 (188↑218↓)
17 (6↑11↓)

Development

316 (202↑114↓)

132 (50↑82↓)

Death

166 (116↑50↓)

80 (45↑35↓)

Extracellular structure

3 (1↑2↓)

2 (2↓)

organization and biogenesis
Homeostasis

30 (13↑17↓)

Metabolism

1 497 (867↑630↓)

Obsolete biological process

1 (1↓)

Organismal physiological process 467 (278↑189↓)
Pathogenesis
Regulation of cell process
Response to stimulus

1 (1↑)
57 (57↓)
532 (317↑215↓)

Viral life cycle

15 (7↑8↓)

Behavior

14 (8↑6↓)

Total

3 854 (2 273↑1 581↓)

11 (8↑3↓)
512 (191↑330↓)
1 (1↓)
198 (110↑88↓)
2 (2↑)
88 (48↑40↓)
232 (124↑108↓)
10 (5↑5↓)
6 (1↑5↓)
1 380 (527↑853↓)

5039

Differentially expressed genes involved in inflammation and
immune response in SARS patients
In the light of a pivotal role in the pathogenesis of SARS,
the genes involved in inflammation, immune response or
anti-viral effect are categorized in Tables 5-7.
As shown in Table 5, the pro- and anti-inflammatory
cytokine genes were differentially expressed in two patients.
Compared to healthy control, the genes encoding IL-1,
IL-8, TNF-, and ICAM-1 increased by 3.73, 8.00, 17.15
and 17.15 folds respectively in the acute severe case. Type
I IL-1 receptor, TNFRSF1A, IL-8 receptor, IL-18 receptor
1 also increased by 18.38, 4.00, 73.52/51.98, and 42.22
folds respectively in the acute severe case. However, all of
them did not change in the convalescent case. In addition,
many anti-inflammatory agents were also remarkably
upregulated in the acute severe case. Inhibitors of IL-1 and
TNF- signal pathway such as type II IL-1 receptor, soluble
type II IL-1 receptor, IL-1Ra, IRAK3, soluble IL-1 receptor
accessory protein, TNFRSF10C, TNF--induced proteins
3 and 6 were upregulated by more than 10-folds in the
acute severe case, but did not change or were expressed at
low level in the convalescent case.
As shown in Table 6, in 21 IFN-related molecules, most
of the IFN-related molecules except for IFNGRs and
IFNAR1 were not upregulated in the severe case, but they
were upregulated more than two-fold in the convalescent
case. For the 12 chemokine-related genes detected in this
microarray, RANTES (a marker of activated T cells) and
CX3CR1 were strikingly downregulated in the acute severe
case. Two viral RNA-recognized TLRs (TLR-3 and -7),
especially TLR-7, were significantly downregulated in the
acute severe case. The above results indicated that there
was dysfunction of the innate immune responses in the
acute severe case.
The altered genes which could play a vital role in the
process of stress, inflammation, and immune response are
summarized in Table 7. In comparison to the convalescent
case, the JAK/STATs were suppressed in the acute severe
case. The expression of STATs 1, 2, and 4 were not
upregulated, while MAPKs were upregulated in the acute
severe case as compared to the healthy control. Six out of
seven components of MAPK signal cascade were upregulated.

DISCUSSION
As an emerging disease, attention has been paid to the
high infectivity and virulence of SARS. In the course of
the disease, the important observation is lymphopenia
and the depletion of T-lymphocyte subsets in most SARS
cases, indicating the immunity dysfunction in this readilytransmissible disease, particularly during its early phase[7].
Another characteristic of the disease is acute lung injury
accompanied with signs of the systemic inflammation, the
duration and intensity of which are closely associated with
the severity and prognosis of the disease[1,2,4].
A typical feature of all inflammatory disorders is the
excessive recruitment of leukocytes to the inflammation
site, which is a well-orchestrated process involving several
protein families, including pro-inflammatory cytokines,
chemotactic cytokines, and adhesion molecules[9,10]. This
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Table 5 Differentially expressed genes encoding pro- and anti-inflammatory cytokines are involved in IL-1 and TNF- signaling cassettes in
two patients
GenBank access

Definition

P1

P2

–2.46

Pro- and anti-inflammatory cytokines and receptors
AF043337

IL-8

8.00

NM_000634

IL-8 receptor, 

73.52

–

NM_001557

IL-8 receptor, 

51.98

4.29

NM_000575

IL-1, 

3.73

–

NM_000576

IL-1, 

6.50

11.31

NM_000877

IL-1 receptor, type I

18.38

–

NM_004633

IL-1 receptor, type II

362.04

3.84

U64094

Soluble type II IL-1 receptor

630.35

NM_003856

IL-1 receptor-like 1

11.31

–
3.25

U65590

IL-1 receptor antagonist IL-1Ra

14.93

–

AF051151

Toll/IL-1 receptor-like protein 3

14.93

–

NM_000418

IL-4 receptor

13.93

–

NM_000600

IL-6

–

3.03

–

–2.14

NM_002184

IL-6 signal transducer gp130

BC001903

IL-10 receptor, 

4.00

–

NM_004512

IL-11 receptor, 

–6.06

–2.30

NM_001560

IL-13 receptor, 1

3.25

–

U62858

IL-13 receptor

5.66

–

U81380.2

IL-13 receptor soluble form

4.29

–

NM_000585

IL-15

–3.03

2.00

NM_004513

IL-16

–

–2.83

NM_014339

IL-17 receptor

4.29

–

NM_003855

IL-18 receptor 1

42.22

–

NM_003853

IL-18 receptor accessory protein

19.70

–

AF269133

Novel interleukin receptor

–3.03

–

NM_004862

TNF-

17.15

–

NM_001065

TNFRSF1A

4.00

–

NM_003841

TNFRSF10C

19.70

–

NM_000760

G-CSF 3 receptor

25.99

–

BC002635

GM-CSF 2 receptor, , low-affinity

3.03

–

M64445

GM-CSF receptor

4.92

2.64

NM_002607

Platelet-derived growth factor  polypeptide

–2.46

–

NM_004347

Caspase 5

NM_000201

Intercellular adhesion molecule 1

NM_002162

Intercellular adhesion molecule 3

NM_003243

Transforming growth factor,  receptor III

NM_003242

Transforming growth factor,  receptor II

NM_000358

Transforming growth factor, -induced, 68 ku

4.59

–

17.15

–

6.28
–36.76
–

–
–4.59
–2.30

–24.25

–
–

The genes involved in the IL-1 signaling pathway
NM_007199

IL-1 receptor-associated kinase M

19.70

NM_002182

IL-1 receptor accessory protein

25.99

–

AF167343

Soluble IL-1 receptor accessory protein

55.72

–

M87507

IL-1  convertase

3.25

–

U13698

IL-1- converting enzyme isoform 

3.03

–

U13699

IL-1- converting enzyme isoform 

–

2.14

U13700

IL-1- converting enzyme isoform 

2.64

–

The TNF signal downstream genes
NM_004619

TNF receptor-associated factor 5

NM_016614

TRAF and TNF receptor-associated protein

NM_006290

TNF- induced protein 3

5.66

–

NM_007115

TNF- induced protein 6

45.25

4.92

AB034747

Small integral membrane protein of lysosome late endosome

U50062

RIP protein kinase

process is resolved by anti-inflammatory cytokines such
as IL-4, IL-10, IL-13, and TGF- [10]. The well-known
pro-inflammatory cytokines include IL-1 and TNF-,
which are induced as the signals by pattern recognition

–

–2.00

3.84

–2.30

7.46

–

–

–2.00

receptors (like TLRs) and initiate activation of a series of
signal transduction networks to release mediators, prompting
inflammation and immunity [10,16,17]. In our study, proinflammatory cytokines (like IL-1, IL-8, IL-17, IL-18, TNF-
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Table 6 Differentially expressed genes involved in immune regulation in two SARS cases
GenBank access

Definition

P1

P2

IFN and IFN-induced genes
M29383

IFN-

–

2.14

NM_000416

IFN- receptor 1

4.59

–

NM_005534

IFN- receptor 2

3.84

–

NM_000629

IFN (, , and ) receptor 1

4.29

–

NM_002198

IFN regulatory factor 1

–

3.84

NM_002460

IFN regulatory factor 4

–

–2.30

NM_004030

IFN regulatory factor 7

–

3.25

BC001356

IFN-induced protein 35

–

2.83

M34455

IFN--inducible indoleamine 2,3-dioxygenase

–

5.66

NM_001548

IFN-induced protein with tetratricopeptide repeats 1

–

3.03

NM_001549

IFN-induced protein with tetratricopeptide repeats 4

–

6.06

NM_002053

Guanylate binding protein 1, IFN-inducible

–

3.03

NM_004120.2

Guanylate binding protein 2, IFN-inducible

–

3.73

NM_022873

IFN--inducible protein

–

6.50

NM_003641

IFN-induced transmembrane protein 1 (9-27)

–

2.30

NM_004509

IFN-induced protein 41

–

2.14

NM_005532

IFN- inducible protein 27

–

14.93

NM_005101

IFN-stimulated protein, 15 ku

NM_006417

IFN-induced, hepatitis C-associated microtubular aggregate protein

NM_002759

PKR

–

2.14

NM_002462

Mx1

–

2.14

–

6.50

–2.46

2.64

Chemokines and receptors
NM_001511

GRO1

NM_002993

Granulocyte chemotactic protein 2

55.72

–

3.73

–

NM_001565

CXCL10

–

14.93

AF030514

CXCL11

–

18.38

AJ224869

CXCR4

6.50

2.83

M21121

RANTES

NM_001295

–13.93

–

CCR1

3.84

–

NM_000648

CCR2

–9.19

–3.25

NM_001837

CCR3

–

6.50

NM_000579

CCR5

–3.25

–4.00

NM_001838

CCR7

–3.73

–2.64

U20350

CX3CR1

–42.22

–

Toll-like receptors
NM_003264

Toll-like receptor 2

8.00

–

NM_003265

Toll-like receptor 3

–3.25

–2.30

NM_003266

Toll-like receptor 4

3.73

–2.64

NM_016562

Toll-like receptor 7

–17.15

2.30

Table 7 Differentially expressed genes involving MAPK or JAK-STAT
signaling pathways in two SARS cases
GenBank access

Definition

P1

P2
–2.14

U35002

JNK2 1 protein kinase

–2.00

U31601

JAK-3B

10.56

–

NM_007315

STAT-1

–

2.14

NM_005419

STAT-2

–

3.03

NM_003151

STAT-4

–2.30

–

NM_012448

STAT5B

8.57

–

AB005043

STAT induced STAT inhibitor 1

5.66

3.03

NM_003955

STAT induced STAT inhibitor 3

4.92

–

NM_002745

MAPK 1

4.00

–

NM_002748

MAPK 6

3.73

–

NM_001315

MAPK 14

9.19

–

NM_004759

MAPK-activated protein kinase 2

4.29

–

NM_003668

MAPK-activated protein kinase 5

–2.46

–

NM_001674

Activating transcription factor 3

2.46

5.27

NM_007348

Activating transcription factor 6

3.73

–

and etc.) were highly expressed in the acute severe case
and lowly expressed in the convalescent case. Real-time
quantitative PCR of empirically selected genes also showed
that pro-inflammatory cytokines were highly expressed.
These findings, as expected, are consistent with the clinical
stage[2,6,8] , though individual variation and sensitivity of
examination exist. In addition, anti-inflammatory agents
(IL-4, 10, and 13 receptors) and agonists of IL-1 and TNF
(type II IL-1 receptor, soluble IL-1 receptor, IL-1Ra, and
TNF- decoy receptor) increased dramatically in the
acute severe case, which could constitute a negative feedback
to robust inflammation or manifestations of systemic
inflammation[16,17]. But whether the alteration is associated
with virus replication or interaction between the viral and
cellular proteins is to be further elucidated.
Chemokines are also important cytokines involved in
inflammation, dendritic cell maturation, neutrophil degranulation,
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antibody class switching and T-cell activation[18-20]. Furthermore,
recent in vitro and in vivo findings support some members
of chemokine system like CXCL9, CXCL10, and CXCL11
contribute to the resolution of viral infections [19,20].
Unfortunately, transcripts of IFN-induced chemokines[18,19]
(RANTES, CXCL10, and CXCL11) were downregulated
in the acute severe case, while inflammatory chemokines
such as GRO-1, G-CSF3R, IL-8 and its receptors increased
significantly. The expression profiles of chemokines as well
as neutrophil predominance in white cells reflect rampant
inflammation in the acute severe case[8,9].
Although the acute severe case is treated with IFN-,
poor expression of IFN-stimulated genes[21], TLR3, 7 and
immune cell activation markers (CD antigens and MHC
molecules, data not shown) may mirror the defect of host
anti-viral immunity. Furthermore, some studies indicate that
the activation of some pro-inflammatory cytokines such as
IL-1, IL-6 or IL-8 signaling pathways interferes with the
IFN signaling[22-25], let alone the action of IL-4, IL-10 or
IL-13 [9]. Outbreak of pro- and anti-inflammatory agents
might interfere with the IFN signaling pathway, but direct
interaction between coronavirus and IFN system cannot
be excluded.
It is intriguing to find that, although the important genes
involved in NF-B signaling pathway were not detected in
our microarrays, JAK/STAT signaling pathway was
suppressed, another important signaling pathway associated
with production of inflammatory cytokines, the MAPK
signaling pathway[20,26,27], was upregulated in the acute severe
case compared to the healthy control or convalescent case.
It was reported that there are expression alterations in the
MAPK pathway in different leukocytes from patients with
SARS and virus infection and viral proteins exert effects
on the MAPK signaling pathway in cell culture models[27-29].
But the relationship between changes of three signaling
pathways and the SARS process needs to be further studied.
In conclusion, our results may partially reveal the
different expression patterns of inflammatory and immune
genes and related signal pathways at different phases of
SARS pathological process. The overexpressed pro- and
anti-inflammatory cytokines may contribute to acute lung
injury and imbalance of homeostasis especially in acute
severe phase. Thus our results may hopefully make a
contribution to further studies of the SARS pathogenesis.
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Abstract
AIM: To investigate the anti-neoplastic effect of inositol
hexaphosphate (InsP6 or phytic acid) on dimethylhydrazine
(DMH)-induced colon tumor in rats and its effect on blood
natural killer (NK) cell activity.
METHODS: Healthy Wistar rats, 4 wk old, were divided
into control group (fed with common food) and InsP6 group
(fed with common food+2% sodium inositol hexaphosphate
in the drinking water), 15 rats in each group. Both groups
were injected with 1,2-dimethylhydrazine subcutaneously
(20 mg/kg body weight) once a week for 20 wk. Rats
were killed after 21 wk. The whole large intestine was
isolated to determine the general condition of tumors and
to test blood NK cell activity by lactate-dehydrogenaserelease assay.
RESULTS: Administration of InsP6 significantly increased
blood NK cell activity in DMH-induced colorectal tumor in
rats. InsP6 group had a smaller tumor size on average and
a smaller number of tumors than the control group. Its
mortality was also higher than that in control. However, the
variables of body weight and tumor incidence were not
significantly different between the two groups.
CONCLUSION: InsP6 can increase blood NK cell activity
in DMH-induced colon tumor in rats and inhibit tumor
growth and metastasis in rats.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Inositol hexaphosphate (InsP6) is a naturally occurring
compound that has various chemical properties and
biological activities[1] . It is rich in matured plant seeds,
particularly in cereals and legumes, and exists in nature as a salt
with monovalent and divalent cations (Ca2+, Mg2+, and K+).
It has the ability to chelate minerals such as iron, copper, zinc,
cobalt, and manganese, most efficiently at neutral pH[2-4].
InsP6 has anti-neoplastic activity on a variety of experimental
models of carcinogenesis, decreases serum cholesterol level,
inhibits renal stone formation, and may find use in controlling
myocardial damage following ischemia. Among these
biological activities, anti-neoplastic activity is one of the most
intriguing properties of InsP6[5,6].
The above facts need clinical trials in human colorectal
cancer. It has been reported that intestinal lipodystrophy
can be prevented by InsP6 treatment[7] . Recent studies
demonstrate that InsP6 inhibits experimental colon carcinogenesis
in rats[8-10]. There is a correlation between neoplastic diseases
and depressed natural killer (NK) activity [11]. There is
evidence that NK cells are involved in the destruction and
growth inhibition of tumor cells in vivo. This study aimed to
study the effect of InsP 6 on blood NK cell activity in
dimethylhydrazine (DMH)-induced colon tumor in rats.
MATERIALS AND METHODS
Animals and chemicals
Thirty-four-weeks old male Wistar rats (70-110 g) were
purchased from Animal Center of Henan Medical University.
After acclimatization for 1 wk, the experimental animals
were randomly divided into control group and InsP6 group
(15 rats/group). Animals in the control group were fed with
the basal diet and had regular access to drinking water. Rats
in InsP6 group were fed with the basal diet and had access
to 2% sodium inositol hexaphosphate (purchased from
Guangdong Qingyun Chemical Factory) solution. Basal diet
was made by American Institute of Nutrition method.
Animals in both groups were given subcutaneous
injections of DMH (from Sigma) dissolved in normal saline
solution (20 mg/kg body wt) once a week for 20 wk. Body
weight was measured and food consumption was recorded
once a week. All surviving animals were killed under 4.3%
trichloraldehyde hydrate anesthesia after 21 wk.
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Tissue processing
All animals (including rats that died before the end of
experiment) were autopsied. The colons were removed,
flushed with saline, opened along the longitudinal median
axis. Macroscopically, the number of tumors in each colon
was counted. Tumor width and length were measured with
clippers. Simultaneously, peripheral blood was obtained from
the abdominal aorta for testing NK cell activity.
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Test of NK cell activity
Peripheral blood mononuclear cells (PBMCs) were separated
by Ficoll-Hypaque density centrifugation from the collected
blood. Lactate-dehydrogenase (LDH)-release assay was used
to measure the NK cell activity. PBMCs were washed and
suspended in complete RPMI-1640 medium, counted and
diluted to 1.0×106/mL. The amount of LDH released from
the lysed target cells was determined for NK cell activity
measurement. The NK-sensitive cell line K 562 (human
erythroleukemia cell line, Shandong Medical Science
Institute, Shandong, China) was used as the target cell. K562
cells were washed with complete RPMI-1640 medium,
counted and finally diluted to 1.0×105/mL with the medium.
An equal volume of K 562 cells and PBMCs was added to
the wells of 96-round-bottomed microwell plates (the cell
ratio of effector-to-target was 10:1). Each test was repeated
in three wells. To ensure contact between cells, the plate
was centrifuged at a low speed for 2 min. After 2-h incubation
at 37 ℃ in a humidified atmosphere with 50 mL/L CO2,
the plate was centrifuged at 1 000 r/min for 5 min. The
supernatant from each well (100 L) was transferred into
the corresponding wells of a 96-flat-bottomed microwell
plate. Then 100 L of lactic acid hydrogenase substrate
mixture was added to each well. After 3 min, reactions were
stopped by adding 50 L of cold medium. Finally, a microtiter
plate reader (Bio-Rad, MODE-550) was used for evaluation
of changes in the absorbance at a wavelength of 490 nm.
The release of LDH from K 562 cells was expressed as
absorbance. The percentage of NK cell activity was calculated
by the formula: NK cell activity = (E-S)/(M-S)×100%,
where E represents the experimental release of LDH activity
from target cells incubated in the presence of PBMCs, M
represents the maximum release of the LDH activity
determined by lysing the target cells with 1% of NP40, and
S is the spontaneous release of the LDH activity from target
cells incubated in the absence of PBMCs.
Statistical analysis
Results were expressed as mean±SD. Statistical analyses
were performed with SPSS 9.0. The significance of differences in the average values between the two groups was
analyzed using t-test. P<0.05 was considered statistically
significant.

RESULTS
During the initial period of the experiment, body weight of
animals increased steadily in the first 20 wk. Then both
groups began to loose their body weight. In addition, the
animals consumed a less amount of food. The change in
two groups had no difference (Figure 1).
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Figure 1 Body weight change of rats during feeding.

After DMH was injected for 10 wk, death occurred in rats
of control group. By the end of the experiment, six rats died
in the control group. Only one rat died in InsP6 group. The
difference in mortality was significant (P<0.01, Table 1).
Table 1 Effect of InsP 6 on mortality of rats
Groups

Survival

Death

Mortality (%)

Control
InsP6

9
14

6
1

40.0
7.1b

b

P<0.01 vs control group.

Twelve rats had colon tumor in control group treated
with DMH but not InsP6. Tumors were found in 11 rats of
InsP6 group. The difference in tumor incidence was not
significant (P>0.05). But the number of tumors and their
size were significantly less in InsP6 group than in control
group (P<0.05, Table 2).
Table 2 Effect of InsP6 on total large intestinal carcinomas (mean±SD)
Groups

n

Incidence of
tumor (%)

Average tumor
number

Control
InsP6

15
15

80
73

4.1±1.2
0.9±0.2b

a

Average sign of
tumor (mm3)
1 080.3±463.4
123.6±29.6a

P<0.05, bP<0.01 vs control group.

Blood NK cell activity was reduced in the two groups
after DMH treatment. But the blood NK cell activity was
significantly higher in InsP6 group than in control group
(P<0.01, Table 3).
Table 3 Effect of InsP6 on blood NK cell activity (NK-A) (mean±SD)
Group

n

NK-A (%)

Control
InsP6

9
14

15.7±1.2
42.2±1.1b

b

P<0.01 vs control group.

DISCUSSION
Diet composition is an important etiologic factor in colon
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carcinogenesis and has a significant impact on colon cancer
occurrence. InsP6 is a dietary phytochemical present in
cereals, soy, legumes, and fiber-rich foods[12,13]. Epidemiological
studies have shown that InsP6 can inhibit the metastasis of
tumor[14-16]. But the anti-tumor mechanism of InsP6 awaits
further investigation.
Our study demonstrated that InsP6 could significantly
increase blood NK cell activity in DMH-induced colorectal
cancer in rats (P<0.01). The number and size of tumors
were smaller in InsP6 group than in control group (P<0.05),
indicating that InsP6 can also inhibit tumor growth and
metastasis in DMH-induced colorectal cancer in rats.
InsP6 is degraded into lower polyphosphorylated forms
of inositol (including InsP1-InsP6) by the enzyme meso-inositol
hexaphosphate phosphohydrolase, and dephosphorylated by
acid, acid phosphatase and intestinal alkaline phosphatase.
When InsP6 was administered to rats as a soluble form in
drinking water, it is rapidly absorbed through the upper
gastrointestinal tract and quickly distributed in various organs,
most notably in liver, kidneys, and skeletal muscle[17,18] .
Among the lower polyphosphorylated forms of inositol,
InsP3 appears to act as a second messenger and promotes
intracellular free calcium (Ca2+ ) release, which can induce
proliferation of NK cells[19] as well as the release of NK
cell cytotoxicity factor (NKCF). NKCF can bind to target
cells (tumor cells) which are subsequently lysed[20]. Close
contact between the plasma membrane of the two types of
cells, affects the cytotoxic reaction. InsP3 can also affect the
membrane phosphatidyl inositol proteins, which may be
important in attachment and subsequent fusion with the
target cells, suggesting that InsP6 mediates its chemopreventive
and probably chemotherapeutic effect via InsP3[21,22].
Our data indicate that DMH depresses the NK cell
activity, while InsP6 significantly increases the NK cell activity
and inhibits tumor growth, suggesting that changes in NK
cell activity are related to progressive cancer growth[23]. Since
InsP6 enhances the NK cell activity in vivo, it may have
potential application in therapy of cancer and other diseases
associated with depressed NK cytotoxicity.
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Abstract
AIM: To explore the relationship between the level of
proinsulin with cardiovascular risk factors and sleep
snoring.
METHODS: Based on the random stratified sampling
principle, 1 193 Chinese residents in Pizhou City, Jiangsu
Province (530 males and 663 females, aged 35-59 years
with an average age of 46.69 years) were recruited. Their
sleep snoring habits were investigated. Biotin-avidin based
double mAbs ELISA was used to detect specific insulin
and proinsulin, and a risk factor score was established to
evaluate the individuals according to the number of their
risk factors.
RESULTS: The results of Spearman correlation analysis
and covariate ANOVA analysis after age and sex were
controlled, indicated that not only the level of proinsulin
(r = 0.156, P = 0.000, F = 5.980 P = 0.000), but also
cardiovascular risk factors score (r = 0.194, P = 0.000,
F = 11.135, P = 0.000) significantly associated with the
frequency of sleep snoring, and the significant relationship
between true insulin and frequency of sleep snoring was
only shown in the covariate ANOVA analysis (F = 2.868,
P = 0.022). The result of multivariate stepwise logistic
regression after age, sex, body mass index, waist
circumference and true insulin were controlled showed
that proinsulin (division by interval of quartile) was an
independent risk factor for sleep snoring (OR = 1.220,
95%CI: 1.085-1.373, P = 0.001).

CONCLUSION: The interaction of cardiovascular risk
factors clustering, high proinsulin level and sleep breathing
disorder may be a syndrome, which has not been recognized
in human beings so far.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Dyslipidemia, hypertension, hyperinsulinemia and obesity
(special central obesity) have been recognized as potent risk
factors for coronary heart disease in adults, the clustering
of the above cardiovascular risk factors often occurs in
adults, and the condition has been termed as syndrome X[1] ,
and insulin resistance emerges as a common pathogenetic
denominator underlying the above risk factor clustering[2].
Obstructive sleep apnea syndrome is associated with the
increased cardiovascular and cerebrovascular morbidity. It
is also recognized that many people with obstructive sleep
apnea syndrome have features of the insulin resistance
syndrome, and it is suggested that insulin resistance syndrome
may actually include sleep apnea syndrome and could be
better considered as syndrome Z[3]. The level of circulating
proinsulin (PI) has been recognized as a sensitive marker
for the dysfunction of islet beta cells[4], and several groups
reported that proinsulin was more strongly associated with
cardiovascular disease than true insulin [5]. So far, few
epidemiological studies have been focused on the relationship
between true insulin vs proinsulin and cardiovascular risk
factors clustering, and sleep breathing disorder. Although
polysomnography is the definitive method for diagnosing
sleep apnea syndrome, the costs of this method in combination
with the high demand for accurate screening limits its utility
in clinical practice and epidemiological studies. It has been
proposed that snoring is a precursor to the development of
obstructive sleep apnea syndrome. This theory is supported
by retrospective studies in which patients reported snoring
more loudly over the years, before they developed nocturnal
respiratory pauses, which later became increasingly frequent[6].
To explore the relationship between PI vs true insulin and
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cardiovascular risk factors and sleep snoring, a populationbased epidemiological investigation was conducted in Pizhou
city, located in the mideastern part of China.

MATERIALS AND METHODS
Study subjects
From April 2001 to May 2001, a large cross-sectional,
community-based epidemiological study was conducted. The
subjects for the survey were adults aged between 35 and
59 years. A two-stage cluster-sampling scheme based on
existing census divisions was used to randomly select four
areas, each with a population from 300 to 350 subjects,
and sample was stratified by sex and age group (5 years) to
ensure representation of each part of the population. Among
the 1 351 individuals investigated, the response rate was
88.5%, and the random sample and random-sample
responder populations closely reflected the actual distribution
of age group and sex in Pizhou area. Among 1 193 rural
residents, there were 530 males (44.57%) and 663 females
(55.43%), and their average age was 46.69 years. Signed
informed consent was obtained from all participants and
the study was approved by the Nanjing Medical University
Ethics Review Committee.
Questionnaires and investigators
A standard questionnaire was adopted, and the investigators
were students from Nanjing Medical University, who had
received special training. The questionnaire included
questions about occupation, height, weight, sleep habits, sleep
quality, and frequency of disruptive snoring. The question
concerning snoring was “How often do you snore loudly
and disturbingly?” with the following response alternatives:
1 = never, 2 = seldom, 3 = sometimes, 4 = often, 5 = very
often, and those who answered 2-5 were regarded as snorers.
Anthropometric measurements
Anthropometric measurements were performed after the
participants had removed their shoes and upper garments
and donned an examining gown. Each measurement was
performed twice and the average was used in the analysis.
Height was measured to the nearest 0.1 cm using a wallmounted stadiometer. Weight was measured to the nearest
0.1 kg using a hospital balance beam scale. Body mass index
(BMI) was calculated as weight (kg) divided by the square
of height (m2). The waist circumference was measured to
the nearest 0.5 cm at the point of narrowing between the
umbilicus and xiphoid process (as viewed from behind) and
the waist circumference was used as a judgment of upperbody adioposity. Blood pressure was measured in the right
arm with the participant seated and the arm bared. Three
readings were recorded for each individual, and the average
of the three readings was defined as the subject’s blood
pressure.
Laboratory measurement
The 12-h fasting blood samples were drawn in the morning
and the sera were stored at -70 ℃ immediately after centrifugation until being assayed. All laboratory measurements
were conducted at the Central Clinical Laboratory in the
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First Affiliated Hospital of Nanjing Medical University.
Fasting blood glucose (FBG), fasting total cholesterol (TCH),
fasting triglyceride (TG) and fasting high-density lipoprotein
cholesterol (HDL-c) were determined by enzymatic procedures
on an automated autoanalyzer (AU 2700 Olympus, 1st
Chemical Ltd., Japan), and the source of reagents for the
autoanalyzer was from 1st Chemical Ltd., Japan. The
laboratory was monitored for precision and accuracy of
glucose and lipid measurements by the agency’s surveillance
program. Measurements of agency-assigned quality control
samples showed no consistent bias over time within or
between surveys. Low-density lipoprotein cholesterol (LDL-c)
was assessed by the Friedwald method[7], and the concentration
of LDL-c was calculated for each subject according to the
following formula: C LDL-c = CPLASMA-CHDL-TG/5.
Measurement of intact insulin and proinsulin
The intact insulin level was measured using a highly sensitive
two-site sandwich ELISA[8]. This assay method for insulin is
based on the enzyme immunoassay principle and it is
constructed as a sandwich immunoassay. Two monoclonal
murine antibodies specific for insulin were employed. One
of the antibodies (HUI-018), which binds to an epitope on
one side of the insulin-molecule, was used for coating on
the ELISA plate wells. The other antibody (OXI-005), which
binds to another epitope on the other side of the insulinmolecule, was covalently bound to biotin. The biotin-antibody
reagent and sample or calibrator were added to the
precoated-wells followed by incubation. During incubation,
a complex between plastic-surface, coated-antibody, insulin
and the biotinylated-antibody was formed. This complex
would not be removed by the washing procedure, which
followed the incubation. After the wash, avidin-peroxidase
was added. It bound to the biotin of the biotinylated-antibody
and extended the complex with the enzyme peroxidase. The
amount of enzyme was visualized by addition of the substrate
peroxide and 3’,3’,5’,5’-tetramethylbenzidine (TMB), which
was converted to a soluble colored product. The developed
color was proportional to the amount of insulin in the
sample. The color-development progressed with time and
it was interrupted after a fixed time by the addition of
phosphoric acid. The color was stable and absorbance was
measured in an ELISA-plate photometer. A calibrator curve
was constructed based on the absorbance values and the
insulin concentration in the serum samples could be found.
The detection limit was 5.0 pmol/L. The specificity of the
assay excluded intact, split (32-33) and des (31, 32) PI. There
was some cross-reactivity with the less abundant split
(65-66) PI (30%) and des (64, 65) PI (63%).
The PI level was measured in a similar manner using
another sensitive two-site sandwich ELISA[9]. The analysis
for human PI is an enzyme immunoassay constructed as a
sandwich immunoassay. Two monoclonal mouse antibodies
were used: one with specificity for human C-peptide (PEP001) was used for coating, the other antibody (HUI-001)
with specificity for insulin was biotin labeled and acted as
detecting antibody. The plasma samples were diluted 1:2
during analysis to eliminate the plasma effect. In the first
reaction, after the samples were applied to the coated wells,
PI in the samples would bind to the coating antibody. In the
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second reaction, the bound PI was detected by the use of
another mAb directed against human insulin and biotin
labeled. In a third reaction, the amount of bound detecting
antibody in the coating antibody-PI-detection antibody
complex was visualized by the use of streptavidin-peroxidase
that bound to the biotin label. Between each step, the plate
was washed four times in a washing buffer in order to
measure only the bound material. Finally, a substrate for
the peroxidase (tetramethylbenzidine and H2O2) was applied
to the wells resulting in color development proportional to
the amount of peroxidase, i.e., PI present. The enzymatic
reaction resulted in development of a blue color, which
changed into yellow, when the reaction was stopped with
H3PO4. The plate was read in an ELISA reader at 450 nm
and the absorbance at 620 nm was subtracted. The detection
limit in human serum was 0.25 pmol/L. There was no
cross-reactivity with human insulin and human C-peptide.
However, the four major PI conversion intermediates
reacted at various proportions of 65-99%.
The between- and within-assay coefficients of variation
were 6.8, 7.8% for true insulin respectively and 6.7, 7.8%
for PI respectively. All measurements were performed in
duplicate. The four mAbs including OXI-005, HUI-018,
PEP-001 and HUI-001 were kind gifts from Novo Nordisk,
Bagsvaerd, Denmark, and the standard samples of true
insulin and PI were supplied by the Mercodia Company,
Sweden. The ELISA-plate photometer (Bio-tek EL900,
USA) and ELISA plate (NUNC company, Denmark) were
employed in the assay.

to the WHO guideline[13] ; (8) visceral obesity was defined
as waist circumference ≥85 cm in male and ≥80 cm in
female[14]. The final risk factor score varied from 0 to 5, with
0 meaning no exposure to these risk factors; one exposure
to any one risk factor; 2-4 exposure to any combination of
2-4 risk factors respectively; five exposure to any combination
of five or more than five risk factors simultaneously.

Definition of risk factors
To investigate the relationship between the level of PI and
cardiovascular risk factors clustering, we created a risk
factor score to rank individuals according to the number
of the risk factors at the time of the survey. The following
risk factors and cut-off points were used to build up the
risk factor scores: (1) hypertension was defined when systolic
blood pressure (SBP) was ≥140 mmHg and/or diastolic
blood pressure (DBP) ≥90 mmHg or taking anti-hypertensive
drugs because of previous hypertension according to the
1999 WHO/ISH criteria[10]; (2) hyperglycemia was diagnosed
based on the FBG serum glucose ≥6.1 mmol/L according
to the American Diabetes Association (ADA) criteria[11] or
having a history of diabetes mellitus; (3) hypercholesterolemia
was defined as fasting TCH≥5.20 mmol/L; (4) high LDL-c
was defined as LDL-c≥3.38 mmol/L; (5) low HDL-c was
defined as HDL-c≤1.04 mmol/L; (6) hypertriglyceridemia
was defined as fasting TG≥1.70 mmol/L[12] ; (7) overall
overweight was considered as BMI ≥25.0 kg/m2 according

Snoring

Statistical analysis
All data analyses were performed using statistical package
for social science (SPSS for Windows, version 10.0, 1999, SPSS
Inc, Chicago, IL, USA). Data of BMI, waist circumference,
age and blood pressure were normally distributed parameters
and presented as mean±SD, whereas skewed data including
FBG, fasting lipid, fasting true insulin, and PI were
logarithmically transformed before analysis and were
expressed as median (quartile range).

RESULTS
Sex and age distribution of sleep snoring subjects
Tables 1 and 2 show sex and age distribution of sleep snoring
in the population-based epidemiological study. The results
indicated that the frequency of sleep snoring in males was
significantly higher than in females (2 = 68.227, P<0.001),
and the frequency of sleep snoring significantly increased
with the elevation of age (2 = 44.465, P<0.001).
Table 1 Sex distribution of sleep snoring subjects

Never

Male

Female

Total
746

265

481

Seldom

34

29

63

Sometimes

83

68

151

Often

59

39

98

Very often

89

46

135

Total

530

663

Statistical parameter

2 = 68.227

1 193
P<0.001

Spearman correlation analysis of sleep snoring with tested
parameters
The results of Spearman correlation analysis (Table 3)
indicated that the frequency of sleep snoring was significantly
correlated with such parameters as BMI, waist circumference,
SBP, DBP, fasting TCH, fasting TG, fasting LDL-c, PI,
and risk factors score (P<0.01). However, the significant
correlation was not found between the frequency of sleep
snoring and FBG, true insulin, and fasting HDL-c (P>0.05).

Table 2 Age distribution of sleep snoring subjects
Snoring

35~

40~

Never
Seldom
Sometimes
Often
Very often
Total
Statistical parameter

225
17
39
18
22
321

144
5
18
13
18
198

45~
143
9
31
23
25
231
2 = 44.465

50~

55~

Total

113
14
28
18
30
203
P<0.001

121
18
35
26
40
240

746
63
151
98
135
1 193
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Table 3 Spearman correlation analysis of sleep snoring with tested parameters
Parameters

BMI

Correlation coefficient

0.177

Parameters

TG

Correlation coefficient

0.132

WC
b

0.268

SBP
b

HDL
b

-0.043

0.211

DBP
b

LDL
0.108

0.191

b

TI
b

FBG

CH

0.027

0.126b

PI

0.050

RFS

0.156

b

0.194b

b
P<0.01 vs others. Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose;
CH, fasting total cholesterol; TG, fasting triglycerides; HDL, fasting high-density lipoprotein cholesterol; LDL, fasting low-density lipoprotein cholesterol; TI, true insulin;
PI, proinsulin; RFS, risk factors score.

Analysis of covariate variance of sleep snoring with tested
parameters
Table 4 summarizes the results of analysis of covariate variance
of sleep snoring and its relevant parameters. In the analysis,
age and sex were controlling variables; the frequency of
sleep snoring was factor variable, and the parameters including
BMI, waist circumference, SBP, DBP, FBG (logarithmically
transformed value), TCH (logarithmically transformed value),
TG (logarithmically transformed value), HDL (logarithmically
transformed value), LDL (logarithmically transformed
value), true insulin (logarithmically transformed value), PI
(logarithmically transformed value), and risk factors score
were employed as dependent variables, respectively. The
results indicated that a significant difference in parameters
including BMI, waist circumference, SBP, DBP, TCH, TG,
true insulin, PI, and risk factors score was found among
various sleep snoring groups respectively after controlling
for age and sex, and significant difference was not found in
FBG, HDL-c, LDL-c between different frequencies of
sleep snoring groups.

Analysis of multivariate logistic regression with sleep snoring
as an independent variable
The results of multivariate logistic regression analysis are
shown in Table 5, in which the dependent variable was the
frequency of sleep snoring (the never snoring was coded as
0, and the seldom, sometimes, often, and very often snoring
was considered as sleep snoring and was coded as (1), and
age stratum (age stratification was performed with 5-year
age strata), sex (male was coded as 1, female as 0), BMI (group
division by an interval of quartile), waist circumference
(group division by an interval of quartile), true insulin (group
division by an interval of quartile), and PI (group division
by an interval of quartile) were employed as independent
variables. In the analysis of multivariate logistic regression,
the variables including sex, age, PI, and waist circumference
were accepted by the final model, and BMI and true insulin
were refused by the regression model. The final model
suggested that male, age, PI, and waist circumference were
risk factors for sleep snoring, and the OR (95%CI) for sex,
age, PI, and waist circumference was 0.401 (0.311-0.518)

Table 4 Analysis of covariate variance with sleep snoring as factor variable, and age and sex as controlling variables
Parameters

Never

Seldom

Some-times

Often

Very often

F

P

BMI

23.49±2.83

24.08±2.89

24.14±2.84

24.56±3.66

25.32±3.47

16.335

0.000

WC

75.89±7.78

78.68±8.31

78.83±7.89

81.65±9.98

83.37±10.63

22.000

0.000

SBP

121.03±19.05

128.77±21.08

126.39±20.28

126.80±20.29

133.93±23.16

7.169

0.000

DBP

77.25±10.66

80.20±11.58

80.68±13.89

85.59±13.59

9.957

0.000

FBG

4.44 (4.06-4.89)

4.40 (4.17-4.80)

4.53 (4.12-4.93)

4.47 (4.08-4.81)

4.53 (4.07-4.88)

0.124

0.974

CH

3.95 (3.39-4.54)

4.25 (3.32-5.01)

4.09 (3.67-4.60)

4.00 (3.49-4.65)

4.34 (3.70-5.04)

2.580

0.007

TG

0.75 (0.55-1.08)

0.77 (0.59-1.22)

0.91 (0.62-1.31)

0.79 (0.61-1.33)

0.89 (0.63-1.59)

5.778

0.000

HDL

1.07 (0.89-1.28)

1.15 (0.93-1.31)

1.02 (0.83-1.23)

1.03 (0.80-1.28)

1.04 (0.83-1.29)

1.693

0.149

LDL

2.44 (2.02-2.85)

2.55 (2.03-3.10)

2.60 (2.19-3.10)

2.53 (2.13-2.96)

2.74 (2.19-3.21)

1.392

0.234

TI

4.81 (2.89-6.98)

4.69 (2.54-7.09)

5.11 (3.55-7.18)

5.13 (2.88-7.50)

5.06 (3.16-7.58)

2.868

0.022

PI

3.26 (1.92-5.11)

3.29 (1.77-5.19)

4.03 (2.46-6.49)

4.19 (2.22-6.09)

4.43 (2.72-7.18)

5.980

0.000

11.135

0.000

RFS

79.48±10.75

1.24±1.15

1.47±1.33

1.57±1.27

1.70±1.28

2.06±1.53

Abbreviations as in Table 3.

Table 5 Analysis of multivariate logistic regression with sleep snoring as an independent variable
Variable
Sex

B

S.E.

WALD

P

OR (95%CI)

-0.913

0.130

49.133

0.000

0.401 (0.311-0.518)

Age (yr)

0.223

0.044

25.762

0.000

1.249 (1.146-1.361)

Proinsulin

0.199

0.060

10.964

0.001

1.220 (1.085-1.373)

Waist circumference

0.335

0.062

29.504

0.000

1.398 (1.239-1.578)

-1.150

0.305

14.192

0.000

-

Constant

B, SE, and WALD were statistical parameters.
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(P = 0.000), 1.249 (1.146-1.361, P = 0.000), 1.220 (1.0851.373) (P = 0.001), and 1.398 (1.239-1.578) (P = 0.000),
respectively.

DISCUSSION
Snoring is the main symptom of obstructive sleep apnea
syndrome, which is one of the most frequent sleep disorders
affecting 2-4% of middle-aged white[15] and Asian populations[16]. A predominantly Chinese population-based
epidemiological study was conducted in Singapore, in which,
220 people aged 30-60 years, were interviewed for their
snoring habits, and 87.5% of loud habitual snorers had
significant obstructive apneas on the polysomnogram and
72% of these apneics complained of excessive daytime
sleepiness (EDS)[17]. The results from a population-based
study investigating the long-term outcome in men with
snoring over a 10-year period suggest, that snoring is the
preceding form of obstructive sleep apnea syndrome[18]. PI
is a multi-peptide with 86 amino acids and its molecular
weight is 9 390. It is synthesized in the -cells of the islets
of Langerhans and is subsequently processed through
enzymatic cleavage to form C-peptide and insulin[19]. The
biological activity of PI is very low (approximately 10% of
insulin), and it is the major storage form of insulin. Under
physiological conditions, only small amounts of intact and
split PI (less than 3% of insulin) are co-secreted with insulin
from the pancreatic -cells[4]. In the earlier studies, insulin
concentration was measured with radioimmunoassay using
polyclonal antibodies, which cross-reacted with largely
inactive insulin precursor molecules such as PI and des-31,
32 PI, hence it was called immunoreactive insulin (IRI).
These PI molecules can be distinguished from more
biologically active true insulin molecules by using highly
sensitive and specific, two site immunoassays based on
monoclonal antibodies. Since it is rather common that sleep
breathing disorder is accompanied with insulin resistance, it
has been clinically considered that both of them are closely
correlated and even syndrome Z was named for coexisting
sleep breathing disorder and insulin resistance. So far the
associated pathogenesis between sleep breathing disorder
and insulin resistance has not been elucidated clearly. To
explore the relationship between sleep snoring and true
insulin vs PI, a population-based epidemiological investigation
was conducted in Pizhou city located in the mideastern
part of China.
The results from this study showed that the frequency
of sleep snoring in males was significantly higher than those
in females, and the frequency of sleep snoring significantly
increased with age. Furthermore, the results of Spearman
correlation analysis indicate that the frequency of sleep
snoring was significantly correlated with the concentration
of PI and risk factors score. Moreover, the results of analysis
of covariate variance in which age and sex were controlling
variables suggest that the frequency of sleep snoring was
positively and significantly associated with the risk factors
score, and this finding is in agreement with several previous
studies[3-5].
In the present study, the level of circulating PI was positively
and significantly associated with the frequency of sleep
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snoring in the analysis including Spearman correlation,
covariate variance in which age and sex were controlling
variables, and multivariate stepwise logistic regression in
which age, sex, BMI, and true insulin were adjustment
variables. To our knowledge, this finding is the first, from a
Chinese population-based epidemiological study. Obesity is
the accumulation of excessive fat in the body and plays a
role in metabolic disorders and the mortality and morbidity
of cardiovascular diseases. Obesity, especially the local
obesity represented by increased waist circumference and
neck circumference, is related to the narrowness of upper
respiratory tract and can lead to sleep apnea and hypopnea, as
well as hypoxia and hypercapnia[20]. This study demonstrated
that in the multivariate stepwise logistic regression analysis,
when the obesity represented as BMI and local obesity
represented by waist circumference entered in the final
regression model, the waist circumference rather than BMI
was accepted by the model. Thus, it could be concluded
that visceral obesity rather than general obesity was the
independent risk factor for sleep snoring. To date, the
mechanism underlying the consistent and significant
association between PI and sleep snoring is unknown. In
insulin resistance atherosclerosis study (IRAS), it demonstrated
that the visceral fat accumulation could result in the elevation
of circulating PI level[21], and the concentration of PI was
independently correlated with fibrinogen, and plasminogen
activator inhibitor type 1 (PAI-1)[22]. The elevation of the
activity of fibrinogen, and PAI-1 following the increase of
PI level can lead to the disorder of homeostasis and finally
result in the clustering of cardiovascular risk factors. The
above finding may be one of the mechanisms for the
association between PI, sleep snoring and cardiovascular
risk factors clustering.
Our conclusions are that the frequency of sleep snoring
which is the main symptom of obstructive sleep apnea
syndrome is independently associated with the level of PI,
and is associated with the clustering of cardiovascular risk
factors. This might be the first study demonstrating a
relationship between sleep breathing disorder, circulating
PI level, and clustering of cardiovascular risk factors in
healthy middle-aged subjects from the general Chinese
population.

ACKNOWLEDGMENTS
Special thanks to Dr. Lennart Andersen, Dr. Jens Christian
Wortmann, and Dr. Thomas Peter Dyrberg, from Novo
Nordisk, Bagsvaerd, Denmark, for providing free
monoclonal antibodies including OXI-005, HUI-018, PEP001 and HUI-001.
REFERENCES
1

2
3

4

Reaven GM. Insulin resistance/compensatory hyperinsulinemia,
essential hypertension, and cardiovascular disease. J Clin
Endocrinol Metab 2003; 88: 2399-2403
Egan BM, Greene EL, Goodfriend TL. Insulin resistance and
cardiovascular disease. Am J Hypertens 2001; 14: 116S-125S
Wilcox I, McNamara SG, Collins FL, Grunstein RR, Sullivan
CE. “Syndrome Z”: the interaction of sleep apnoea, vascular
risk factors and heart disease. Thorax 1998; 53: S25-28
Roder ME, Porte D, Schwartz RS, Kahn SE. Disproportionately elevated proinsulin levels reflect the degree of impaired

5052

5

6

7

8

9

10

11

12

13

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

B cell secretory capacity in patients with noninsulin-dependent diabetes mellitus. J Clin Endocrinol Metab 1998; 83: 60460 8
Haffner SM, Mykkanen L, Stern MP, Valdez RA, Heisserman
JA, Bowsher RR. Relationship of proinsulin and insulin to
cardiovascular risk factors in nondiabetic subjects. Diabetes
1993; 42: 1297-1302
Pendlebury ST, Pepin JL, Veale D, Levy P. Natural evolution of moderate sleep apnoea syndrome: significant progression over a mean of 17 mo. Thorax 1997; 52: 872-878
Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin Chem 1972;
18: 499-502
Andersen L, Dinesen B, Jørgensen PN, Poulsen F, Roder ME.
Enzyme immunoassay for intact human insulin in serum or
plasma. Clin Chem 1993; 39: 578-582
Kjems LL, Roder ME, Dinesen B, Hartling SG, Jorgensen PN,
Binder C. Highly sensitive enzyme immunoassay of proinsulin immunoreactivity with use of two monoclonal antibodies.
Clin Chem 1993; 39: 2146-2150
Guidelines subcommittee of the WHO-ISH Mild Hypertension Liaison Committee. 1999 World health organization-international society of hypertension guidelines for the management of hypertension. J Hypertension 1999; 17: 151-183
The expert committee on the diagnosis and classification of
diabetes mellitus. Report of the expert committee on the
diagnosis and classification of diabetes mellitus. Diabetes Care
2002; 25(Suppl 1): S5-19
Expert panel on detection, evaluation, and treatment of high
blood cholesterol in adults. Exective summary of the third
report of national cholesterol education program(NCEP) expert panel on detection, evaluation, and treatment of high
blood cholesterol in adults (adult treatment panel ?). JAMA
2001; 285: 2486-2497
Barreto SM, Passos VM, Firmo JO, Guerra HL, Vidigal PG,
Lima-Costa MF. Hypertension and clustering of cardiovas-

14

15

16

17
18

19

20
21

22

August 28, 2005

Volume 11

Number 32

cular risk factors in a community in Southeast Brazil-The
Bambui Health and Ageing Study. Arq Bras Cardiol 2001; 77:
576-581
Zhou BF, Wu YF, Zhao LC, Li L, Yang J, Li X. Relationship of
central obesity to cardiovascular risk factors and their clustering in middle aged Chinese population. Zhonghua Xinxue
Guanbing Zazhi 2001; 29: 70-73
Ohayon MM, Guilleminault C, Priest RG, Caulet M. Snoring
and breathing pauses during sleep: telephone interview
survey of a United Kingdom population sample. BMJ 1997;
314: 860-863
Ulfberg J, Carter N, Talback M, Edling C. Excessive daytime
sleepiness at work and subjective work performance in the
general population and among heavy snorers and patients
with obstructive sleep apnea. Chest 1996; 110: 659-663
Puvanendran K, Goh KL. From snoring to sleep apnea in a
Singapore population. Sleep Res Online 1999, 2: 11-14
Lindberg E, Elmasry A, Gislason T, Janson C, Bengtsson H,
Hetta J, Nettelbladt M, Boman G. Evolution of sleep apnea
syndrome in sleepy snorers. A population-based prospective
study. Am J Respir Crit Care Med 1999; 159: 2024-2027
Davidson HW, Rhodes CJ, Hutton JC. Interaorgenellar Ca
and pH control proinsulin cleavage in the pancreatic B-cell
via two site-specific endopeptidases. Nature 1988; 333: 93-96
Coughlin S, Calverley P, Wilding J. Sleep disordered breathinga new component of syndrome X. Obes Rev 2001; 2: 267-274
Haffner SM, D’Agostino R, Mykkanen L, Hales CN, Savage
PJ, Bergman RN, O’Leary D, Rewers M, Selby J, Tracy R, Saad
MF. Proinsulin and insulin concentrations in relation to carotid wall thickness: the insulin resistance atherosclerosis study.
Stroke 1998; 29: 1498-1503
Festa A, D’Agostino R Jr, Mykkanen L, Tracy RP, Zaccaro DJ,
Hales CN, Haffner SM. Relative contribution of insulin and
its precursors to Fibrinogen and PAI-1 in a large population
with different states of glucose tolerance. Arterioscler Thromb
Vas Biol 1999; 19: 562-568

Science Editor Zhu LH and Guo SY Language Editor Elsevier HK

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

EL SEVIER

World J Gastroenterol 2005;11(32):5053-5056
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Effect of lactulose on establishment of a rat non-alcoholic
steatohepatitis model
Jian-Gao Fan, Zheng-Jie Xu, Guo-Liang Wang
Jian-Gao Fan, Zheng-Jie Xu, Guo-Liang Wang, Department of
Gastroenterology, Shanghai First People’s Hospital, Jiaotong
University, Shanghai 200080, China
Correspondence to: Professor Jian-Gao Fan, Department of
Gastroenterology, Shanghai First People’s Hospital, Jiaotong
University, Shanghai 200080, China. fanjg@citiz.net
Telephone: +86-21-63240090 Fax: +86-21-63240825
Received: 2004-10-30 Accepted: 2004-12-21

Abstract
AIM: To explore the relationship between changes of
intestinal environment and pathogenesis of non-alcoholic
steatohepatitis (NASH).
METHODS: Forty-two Sprague-Dawley rats were randomly
divided into model group (n = 24), treatment group (n = 12),
and control group (n = 6). The rats of model and treatment
groups were given high-fat diet, and those of the control
group were given normal diet. Furthermore, the rats of
treatment group were given lactulose after 8 wk of highfat diet. Twelve rats of the model group were killed at 8 wk
of high-fat diet. At the 16 wk the rats of treatment group,
control group, and the rest of the model group were killed.
The serum levels of aminotransferase were measured
and the histology of livers was observed by H&E staining.
RESULTS: The livers of rats presented the pathological
features of steatohepatitis with higher serum levels of alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST) in the model group after 16 wk. Compared to the
model group, the serum levels of ALT and AST in treatment
group decreased significantly and were close to the normal
group, and the hepatic inflammation scores also decreased
markedly than those in the model group after 16 wk
(5.83±2.02 vs 3.63±0.64, P<0.05), but were still higher
than those in the model group after 8 wk (3.63±0.64 vs
1.98±0.90, P<0.05). However, the degree of hepatic
steatosis had no changes in treatment group compared
to the model group after 16 wk.
CONCLUSION: Lactulose could ameliorate the hepatic
inflammation of rats with steatohepatitis induced by fatrich diet, but could not completely prevent the development
of steatohepatitis. It is suggested that intestinal environmental
changes such as intestinal bacteria overgrowth, are one of
the important factors in the pathogenesis of NASH.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The pathogenesis of non-alcoholic steatohepatitis (NASH)
remains unclear[1-5]. Several studies have suggested that small
intestine bacterial overgrowth might play a role in NASH[6-9].
NASH is a common complication of jejuno-ileal bypass for
morbid obesity[10-12]. NASH has also been described in adults
during total parenteral nutrition (TPN) and in multiple jejunal
diverticulae with bacterial overgrowth in small intestine[13,14].
However, evidence is insufficient to indicate that intestinal
flora has much to do with the usually insidious process of
NASH[15-18]. Recently, it was reported that the prevalence
of small intestine bacterial overgrowth is high in obese
patients with NASH, as assessed by the 14C-D-xylose-lactulose
breath test[15], suggesting that intestinal environmental
changes such as small intestine bacterial overgrowth and
gut original endotoxemia may play an important role in the
development of NASH. To further study the relationship
between the change of intestinal environment and pathogenesis
of NASH, we investigated the effect of lactulose on the
establishment of a rat NASH model.
MATERIALS AND METHODS
Animals
Male Sprague-Dawley rats (n = 42) weighing 140-160 g were
purchased from the Shanghai Experimental Animal Center
(Shanghai, China), and housed in cages under standard
conditions with free access to water. After being fed with
standard rat chow for 1 wk, the animals were randomly
divided into control, model, and treatment groups. The
control group (n = 6) received normal diet, the model group
(n = 24) and treatment group (n = 12) received fat-rich diet
(normal diet plus 2% cholesterol and 10% lard). Eight weeks
later, the treatment group was administrated a solution of
lactulose syrup (Solvay Pharma, China) instead of water. In
general, the dose of lactulose syrup for adults was 45 mL/d.
If the average weight of adults was 59 kg, the dose of lactulose
liquid was 0.9 mL/(kg·d). According to the dose of adults,
rats might be given a 10-fold higher dose (3.7 mL/d). Livers
and blood samples were collected from 12 rats of model
group at the wk 8. At wk 16, samples were collected from
other rats in three groups. In brief: after fasting and water
deprivation for more than 12 h, the rats were weighed and
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anesthetized with 1% pentobarbital by intraperitoneal
injection. Then the blood samples were collected through
abdominal aorta, the liver tissues were weighed and fixed in
40 g/L formaldehyde, embedded in paraffin.
Biochemical measurement
The serum levels of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), triglycerides (TG), and total cholesterol
(TC) were measured using an automatic biochemical analytical
system.
Serum endotoxin level
Serum endotoxin level was measured by chromogenic
limulus amoebocyte lysate test in Shanghai Clinical Test
Center, and the tubes without pyrogen were supplied by the
center.
Hepatic histology
The liver tissue sections were stained with hematoxylin and
eosin. Each section was assessed under 10×20 light
microscopic fields and scored for the severity of steatosis
and inflammation according to the following criteria: Steatosis
was scored as: grade 0: no fat; grade 1: fatty hepatocytes
occupying less than 33% of the hepatic parenchyma; grade
2: fatty hepatocytes occupying 34-66% of the hepatic
parenchyma; and grade 3: fatty hepatocytes occupying more
than 66% of the hepatic parenchyma. The diagnosis of
fatty liver could be confirmed, when fatty hepatocytes
occupying more than 33% of the hepatic parenchyma. Portal
inflammation (P), intralobular inflammation (L), piecemeal
necrosis (PN), and bridging hepatic necrosis (BN) had a
score from 1 to 4 according to the pathologic severity. PN
and BN had a greater correlation with the prognosis, the
score was two times higher than P and L. The inflammation
score was P+L+2PN+2BN.
Statistical analysis
All results were expressed as mean±SD. Statistical differences
between means were determined by Student’s t test. Rank
sum test was used in enumeration of data. P<0.05 was
considered statistically significant.
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RESULTS
During the experiment, no rat died in three groups. In the
treatment group, there were no marked increase in the
volume of feces. The feces were soft. No significant
difference was found in the body weights between model
group and control group. But the ratio of the liver wet
weight with the body weight in the model group increased
significantly than that in the control group. In the treatment
group, the body weights were lower than those in the
model group at wk 16, and the ratio of the liver wet weight
with the body weight (liver exponent, %) significantly
decreased compared to that in the model group at wk 8
and 16 (Table 1).
Serum lipid
In model group, the serum level of TC was markedly higher
than that in control group, but the serum level of TG was
similar to that in control group. No significant difference in
serum levels of TC between the model group and the
treatment group, but the serum level of TG in the treatment
group decreased markedly (Table 2).
Serum aminotransferase
The serum levels of ALT and AST in the model group had
an increasing tendency at wk 8, but no significant difference
was found between the model group and control group
until wk 16. The serum levels of ALT and AST in treatment
group decreased significantly, and almost became normal
(Table 3).
Serum endotoxin level
The serum endotoxin level in portal vein was higher than
that in abdominal aorta, both in model group and control
group (P<0.05), but there was no significant difference in
serum endotoxin level both in portal vein and in abdominal
aorta between the two groups. Therefore, we did not measure
the serum endotoxin level in treatment group (Table 4).
Hepatic histology
The livers of control group had normal morphology, while

Table 1 Rat body weight and the liver exponent (mean±SD)
Group

Time (wk)

n

Body weight (g)

Control

16

6

478.2±36.8

2.27±0.28

Model

8
16

12
12

425.8±26.7
505.8±60.1

3.37±0.05b
3.93±0.51b

Treatment

16

12

433.3±58.2a

2.96±0.24a

n

TG (mmol/L)

TC (mmol/L)

a

Liver exponent (%)

P<0.05 vs model group; bP<0.01 vs control group.

Table 2 Serum lipid changes (mean±SD)
Group

Time (wk)

Control

16

6

0.83±0.20

1.10±0.18

Model

8

12

0.68±0.18

1.81±0.30b

Treatment

16
16

12
12

0.83±0.22
0.44±0.14a

2.00±0.38b
2.06±0.32

a

P<0.05 vs model group; bP<0.01 vs control group.

Fan JG et al. Lactulose on NASH

5055

Table 3 Serum aminotransferase changes (mean±SD)
Group

Time (wk)

n

ALT (U/L)

AST (U/L)

Control
Model

16
8

6
12

34.16±5.17
64.54±40.54

144.00±21.59
224.45±54.07

16

12

94.92±45.50a

282.7±77.48b

Treatment

16

12

47.8±11.0c

133.7±26.5d

a

P<0.05, bP<0.01 vs control group, cP<0.05, dP<0.01 vs model group.

Table 4 Rat blood endotoxin level (mean±SD)
Serum endotoxin level (EU/mL)

Group

Time (wk)

Control

16

6

0.291±0.08

0.125±0.03

Model

8
16

12
12

0.264±0.07
0.285±0.08

0.089±0.02
0.114±0.02

Treatment

16

12

-

n

the livers of model group and treatment group became
yellow, dull, enlarged, fragile, and full. Microscopically, the
livers of control group had no marked abnormality. At wk 8,
the livers of model group were engorged with microvesicular
and macrovesicular fat. Fatty liver could be diagnosed in
11 of 12 rats. Four out of twelve rats had mild intralobular
inflammation. At wk 16, hepatic steatosis was much severe,
and intralobular areas were infiltrated by mixed inflammatory
cells in model group. These lesions were located mainly in
zone 3 areas. Intralobular inflammation was more severe
than portal inflammation. Some livers had several large areas
of necrosis melted by focal intralobular inflammation. Two
rats had hepatic piecemeal necrosis and three had bridging
necrosis. In treatment group, the degree of hepatic steatosis
slightly decreased, while the score of hepatic inflammation
activity significantly decreased compared to those in model
group. No hepatic piecemeal necrosis and bridging necrosis
were found in treatment group (Tables 5 and 6).

DISCUSSION
The histological characteristics of NASH resemble those

Portal vein

Abdominal aorta

-

of alcoholic steatohepatitis, suggesting that both diseases
may have a similar pathogenesis and can benefit from similar
therapies[15-18]. Studies in alcohol-fed rodents have shown
that intestinal bacteria, bacterial endotoxin, and endotoxininducible cytokine can modulate alcohol-induced liver
damages including hepatic necrosis and fibrosis [19,20].
Treatment with antibiotics and lactobacillus that inhibit
production of endotoxin by the intestinal flora can significantly
inhibit the development of steatohepatitis in alcohol-fed
animals[21,22].
Although the intestinal flora is known to play a critical
role in the pathogenesis of alcohol-related liver disease, its
role in NASH has been poorly understood. Surgical
procedures (such as jejuno-ileal bypass) and TPN cause
intestinal stasis and secondary bacterial overgrowth,
accelerate the progression of fatty liver disease in obesity
patients, suggesting that increased exposure to intestinal bacterial
products may contribute to the pathogenesis of NASH[1-5].
It has been reported that the prevalence of small intestinal
bacterial overgrowth is high in patients with NASH[15].
Lactulose could be fermented by colonic bacteria and
turn into lactic acid and acetic acid, which can lower colonic

Table 5 Degree of hepatic steatosis in different groups
Degree of steatosis

Group

Time (wk)

Control

16

6

6

Model

8
16

12
12

0
0

Treatment

16

12

0

0

n

-

+

++

+++

0

0

0

1
0

6
1

5
11

4

8

Table 6 Score of rat hepatic inflammation activity (mean±SD)
Group

Time (wk)

Control

16

6

0.66±0.76

Model

8

12

1.98±0.90

Treatment

16
16

12
12

5.83±2.02b
3.63±0.64a

a

P<0.05 vs model group; bP<0.01 vs control group.

n

Score of inflammation activity
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pH, diminish ammonia production and normalize intestinal
transit; therefore, lactulose syrup can be used in treatment
of hepatic encephalopathy. Lactulose promotes the growth
of acidophilous lactobacilli, bifidobacteria, and Grampositive bacteria, while inhibits Gram-negative bacteria and
prevents gut-derived endotoxemia[23]. In order to explore
the relationship between the change of intestinal environmental
and pathogenesis of NASH, we observed the effect of
lactulose on NASH rats.
The treatment group was given lactulose after 8 wk of
high-fat diet, when simple fatty liver developed in rats. The
model group developed NASH after 16 wk, while treatment
with lactulose for 8 wk improved both serum aminotransferase
and hepatic inflammation. These results suggest that intestinal
environmental changes, such as small intestinal bacterial
overgrowth, increased intestinal permeability and subsequent
gut-derived endotoxemia may play an important role in the
development of NASH. Although the treatment group
received lactulose for 8 wk, the hepatic inflammation scores
were still higher than those in model group, indicating that
lactulose can ameliorate hepatic inflammation, but cannot
prevent NASH. Lactulose could not improve hepatic steatosis
in treatment group, suggesting that the change of intestinal
environment is not closely related to hepatic steatosis.
In our serial researches, we found that the serum
endotoxin level in NASH rats were significantly elevated, when
hepatic fibrosis occurred after 24 wk of high-fat diet. The
serum endotoxin level in portal vein and peripheral vessels
had no significant difference between model group and
control group, but the serum endotoxin level in portal vein
was markedly higher than that in peripheral vessels in both
groups. These results suggest that SD rats might have mild
endotoxemia. We also found that the expression of endotoxin
receptors-CD14 and toll-like receptor 4 was upregulated in
model group, suggesting that Kupffer cell sensitivity to
endotoxin increases and low doses of endotoxin might injure
liver. Oral administration of lactulose may improve hepatic
inflammation of NASH rats by reducing serum endotoxin
level in portal vein.
Furthermore, other bacterial products such as peptidoglycanpolysaccharide polymers rather than endotoxin, could
stimulate Kupffer cells and injure liver, because bacterial
species rather than aerobic Gram-negative bacteria such as
Escherichia coli may play a role in the pathogenesis of small
intestinal bacterial overgrowth[23,24].
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Abstract
AIM: To investigate the effects of p57kip2, cyclinE protein
and proliferating cell nuclear antigen (PCNA) on occurrence
and progression of human pancreatic cancer.
METHODS: The expression of p57kip2, cyclinE protein and
PCNA in tumor tissues and adjacent tissues from 32
patients with pancreatic cancer was detected by SP
immunohistochemical technique.
RESULTS: The positive expression rate of p57kip2 protein
in tumor tissues was 46.9%, which was lower than that
in adjacent pancreatic tissues (2 = 5.317, P<0.05). p57kip2
protein positive expression remarkably correlated with
tumor cell differentiation (P<0.05), but not with lymph
node metastasis (P>0.05). The positive expression rate
of cyclinE protein in tumor tissues was 68.8%, which was
higher than that in adjacent pancreatic tissues (2 = 4.063,
P<0.05). CyclinE protein positive expression significantly
correlated with tumor cell differentiation and lymph node
metastasis (P<0.05). The positive expression rate of PCNA
in the tumor tissues was 71.9%, which was higher than
that in adjacent pancreatic tissues (2 = 5.189, P<0.05).
PCNA positive expression remarkably correlated with tumor
cell differentiation and lymph node metastasis (P<0.05).
CONCLUSION: The decreased expression of p57kip2 and/or
overexpression of cyclinE protein and PCNA may contribute
to the occurrence and progression of pancreatic cancer.
p57kip2, cyclinE protein, and PCNA play an important role in
occurrence and progression of pancreatic cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

cyclinE protein and proliferating cell nuclear antigen in human
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INTRODUCTION
Abnormality in mammalian cell cycle regulation is an
important cause of cell proliferation and oncogenesis[1] .
Orderly progression of the cell cycle is controlled by a family
of cyclins and cyclin-dependent kinases (CDKs), which are
restrictively counterbalanced by CDK inhibitors (CDKIs)[2].
Two distinct families of CDKIs, INK4, and CIP/KIP
families, which regulate the activity of cyclin-CDK complexes,
have been described[3]. The CIP/KIP family, including p21,
p27, and p57 proteins, harbors homologous CDK-binding
domains or functions of cyclin-CDK complexes and causes
the cell cycle to arrest in G1 phase. CyclinE protein is a positive
regulator of cell cycle, which promotes the transfer from G1
to S phase. The expression of PCNA remarkably correlates
with status of cell proliferation. There are few reports about
the relationship between p57kip2 protein as negative factor
of cell cycle regulation and pancreatic cancer. In this study,
the expression of p57 kip2, cyclinE protein, and PCNA in
pancreatic cancer tissues and adjacent tissues was detected
by immunohistochemical technique to investigate the effects
of p57kip2, cyclinE protein, and PCNA on occurrence and
progression of human pancreatic cancer.
MATERIALS AND METHODS
Patients and tumor samples
Thirty-two specimens of primary human pancreatic cancer
were collected from pancreatic resection performed in the
Department of General Surgery, General Hospital of
Shenyang Military Command. There were 20 male and 12
female patients, with a mean age of 59.5 years (26-72 years).
Nineteen patients had well-differentiated pancreatic cancer,
13 had moderately or poorly-differentiated pancreatic cancer,
and 12 had lymph node metastasis. All patients were confirmed
by clinicopathological diagnosis. These specimens were fixed
in 10% buffered formalin and embedded in paraffin. All
sections stained with hematoxylin and eosin were reviewed
and kept for further studies.

Key words: p57kip2; CyclinE; PCNA; Human pancreatic cancer
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Immunohistochemical study
Four-micrometer-thick sections from the tissues were cut for
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immunohistochemical study. The expression of p57kip2, cyclinE
protein, and PCNA was assessed by SP immunohistochemical
method using anti-human p57kip2 mAb (57P06), anti-human
cyclinE protein mAb (13A3), anti-human PCNA mAb (PC10),
and the UltraSensitiveTM SP kit (kit-9720). Immunohistochemical staining for these proteins was then performed
according to the UltraSensitiveTM SP kit manual. All reagents
were supplied by Maixin-Bio Co., Fuzhou, China. The cells
with brown-yellow granules in the nuclei or cytoplasm were
taken as positive. Five hundred cells on each slide were
counted. The slides were classified as negative (-), positive
(+), strong positive (++), and strongest positive (+++)
according to the count of positive cells for p57 kip2 and
cyclinE proteins less than 10%, 10-25%, 25-50%, and
more than 50%, respectively. The slides was distinguished
as negative (-), and positive (+) when the count of positive
cells were less than 50% and over 50% for PCNA respectively.
Statistical analysis
The 2 test and Fisher’s exact test were used in the analysis
by SAS system statistical software (release 6.12). P<0.05
was considered statistically significant.

RESULTS
Expression of p57kip2 protein
The p57kip2 protein was located in the nuclei or cytoplasm
of normal pancreatic cells and positive pancreatic cancer
cells with brown-yellow granules (Figure 1A).The positive
expression rate of p57kip2 protein in tumor tissues was 46.9%,
which was lower than that in adjacent pancreatic tissues
(2 = 5.317, P<0.05). The positive expression rate of p57kip2
protein in the moderately or poorly differentiated tumor
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tissues was 23.1%, which was lower than that in welldifferentiated tumor tissues (2 = 4.979, P<0.05). The
positive expression rate of p57 kip2 protein in lymph node
metastasis group was 25.0%, which was lower than that in
non-lymph node metastasis group (P>0.05, Table 1).

Table 1 Expression of p57kip2 protein in pancreatic cancer tissues
Characteristics
Tumor tissue
Well-differentiated
Moderately or
poorly-differentiated
Lymph node metastasis
Non-lymph node
metastasis
Adjacent tissue
a

p57 kip2 protein expression
-

+

++

+++

Rate (%)

17
7

11
9

3
2

1
1

46.9 a
63.2c

10
9

2
2

1
1

0
0

23.1c
25.0e

8
8

9
13

2
6

1
5

60.0e
75.0 a

P<0.05, cP<0.05, eP>0.05 vs others.

Expression of cyclinE protein
CyclinE protein was located in the nuclei or cytoplasm of
normal pancreatic cells and positive pancreatic cancer cells
with brown-yellow granules (Figure 1B). The positive
expression rate of cyclinE protein in tumor tissues was 68.
8%, which was higher than that in adjacent pancreatic tissues
(2 = 4.063, P<0.05). The positive expression rate of cyclinE
protein in moderately or poorly differentiated tumor tissues
was 84.6%, which was higher than that in well-differentiated
tumor tissues (2 = 5.128, P<0.05). The cyclinE protein
positive expression rate in lymph node metastasis group
was 91.7%, which was higher than that in non-lymph node
metastasis group (2 = 4.693, P<0.05, Table 2).

B

C

Figure 1 P57kip2 protein in well-differentiated pancreatic adenocarcinoma (A),
cyclin E protein in poorly-differentiated pancreatic adenocarcinoma (B), and

PCNA protein in moderately-differentiated pancreatic adenocarcinoma (C).
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Table 2 Expression of cyclinE protein in pancreatic cancer tissues
Characteristics

CyclinE protein expression
-

+

++

+++

Rate (%)

10

7

9

6

68.8 a

9

5

4

1

52.6c

poorly-differentiated

1

1

6

5

84.6c

Lymph node metastasis

1

1

5

5

91.7e

Tumor tissue
Well-differentiated
Moderately or

Non-lymph node
9

6

4

1

55.0e

18

6

8

0

43.8 a

metastasis
Adjacent tissue
a

P<0.05, cP<0.05, eP<0.05 vs others.

Expression of PCNA
PCNA was located in the nuclei of normal pancreatic cells
and positive pancreatic cancer cells with brown-yellow
granules (Figure 1C). The positive expression rate of PCNA
in tumor tissues was 71.9%, which was higher than that in
adjacent pancreatic tissues (2 = 5.189, P<0.05). The positive
expression rate of PCNA in moderately or poorly differentiated tumor tissues was 92.3%, which was higher than
that in well-differentiated tumor tissues (2 = 4.522, P<0.05).
The positive expression rate of PCNA in lymph node
metastasis group was 100%, which was higher than that in
non-lymph node metastasis group (2 = 7.513, P<0.05,
Table 3).

Table 3 Expression of PCNA in pancreatic cancer tissues
PCNA protein expression

Characteristics

-

+

Rate (%)

Tumor tissue

9

23

71.9 a

Well-differentiated

8

11

57.9c

Moderately or poorly-differentiated

1

12

92.3c

Lymph node metastasis

0

12

100e

Non-lymph node metastasis

9

11

55.0e

18

14

43.8 a

Adjacent tissue
a

P<0.05, cP<0.05, eP<0.05 vs others.

Relationship between expression of p57kip2 and cyclinE
proteins
The cyclinE protein positive expression rate in tumor tissues
of the p57 kip2 protein positive expression group and the
p57kip2 protein negative expression was 60.0% and 76.5%
respectively. There was no significant correlation between
the two groups (r = -0.11211, P>0.05, Table 4).

Table 4 Relationship between expression of p57kip2 and cyclinE
proteins
CyclinE protein expression

p57kip2

–
+
++
+++

-

+

++

+++

Rate (%)

4
4
2
0

4
3
0
0

6
2
0
1

3
2
1
0

76.5
60.0
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DISCUSSION
Studies in recent years have shown that G1 phase regulation
is a complex procedure[4-7]. p57kip2 gene is located in chromosome
11p15.5, and p57 kip2 protein is a cell cycle inhibitor with
molecular weight of 57 ku, which is included in the CIP/KIP
family and similar to p21 and p27 proteins in functions[8,9].
Lee et al.[10], suggested that the tumor suppressor mechanism
of p57 kip2 protein may be integrated with cyclin-CDK
complexes and makes cell cycle to arrest in the G1 phase.
Kondo et al.[11], considered that paternal alleles of p57kip2 are
imprinted, maternal alleles of p57 kip2 are expressed in the
normal status, loss of imprinting and imprinting mistakes
of p57kip2 lead to a decrease at level of gene expression in
tumors. Matsumoto et al.[12], reported that p57kip2 protein positive
expression rate is 43.3±3.2% in patients with esophageal
squamous cell carcinoma. From then on, studies about p57kip2
protein expression in human colorectal carcinoma [13],
hepatocellular carcinoma[14,15], prostate tumor[16], neoplastic
thyroid tissues[17], epithelial ovarian tumor[18], extrahepatic
bile duct carcinoma and intrahepatic cholangiocellular
carcinoma have been reported[19,20], but few reports on the
relationship between p57 kip2 protein expression and
pancreatic cancer are available[21]. In this study, we found
that the positive expression rate of p57 kip2 protein in
pancreatic cancer tissues was significantly lower than that
in adjacent pancreatic tissues. The worse the cancer cell
differentiation, the lower was the p57kip2 protein expression,
and there was no correlation between the reduced expression
of p57kip2 protein and lymph node metastasis. The results
suggest that reduced expression of p57kip2 protein correlates
with the occurrence and malignant degree of pancreatic
cancer. CyclinE protein is a positive regulating factor in the
cell cycle and promotes the genesis and progression of
tumors[22-24] . Our results suggest that overexpression of
cyclinE is associated with the genesis and malignant degree,
as well as lymph node metastasis of pancreatic cancer. PCNA
is a -assistant factor of DNA synthetase, takes part in
DNA biological synthesis and regulates cell cycle and cell
proliferation by tetramer with cyclin, CDK and p21.
Overexpression of PCNA is associated with a variety of
tumors of digestive system including human colorectal
cancer [25], gastric cancer [26] , hepatocellular carcinoma[27],
pancreas tumor[28,29]. The results in the present study suggest
that overexpression of PCNA is associated with the occurrence
and progression of pancreatic cancer, and malignant
proliferation status of pancreatic cancer determined by
expression of PCNA is of practical value. Our results suggest
that cell proliferative activity is high for the negative or
reduced expression of p57kip2 protein. Furthermore, p57kip2
protein plays a role in suppressing cell proliferation. Our
findings are in accordance with the results of previous studies[5].
In summary, decreased expression of p57 kip2 and/or
overexpression of cyclinE protein and PCNA might
contribute to the occurrence and progression of pancreatic
cancer. The p57kip2, cyclinE protein, and PCNA might play
an important role in occurrence and progression of
pancreatic cancer.
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Abstract
Pneumoscrotum is uncommon and also rarely reported
as a complication associated with colonic perforation. A
case of colonic perforation in delayed fashion associated
with EMR, revealed by pneumoscrotum, is reported and
the associated literatures are reviewed. A 52-year-old
male received piecemeal EMR for a laterally spreading
tumor 35 mm in size in our hospital. He complained of
enlargement of the scrotum and revisited our hospital
the day after the procedure. A diagnosis of pneumoscrotum
was made, and as most such cases have been reported
to be associated with pneumoperitoneum, colonic
perforation was suspected. Free air but no fluid collection
was found by abdominal computed tomography, and
delayed colonic perforation was diagnosed. However, as
there were no clinical signs of peritoneal irritation,
conservative treatment was administered and the patient
recovered uneventfully. Pneumoscrotum could be a sign
of colonic perforation after EMR, and treatment should
be carefully chosen.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Endoscopic mucosal resection (EMR) is a well-established
and non-invasive therapeutic procedure for colorectal
neoplasm in the early stage. Although rare, various complications
including hemorrhage and perforation have been reported.
On the other hand, pneumoscrotum is uncommon and it is
generally a term used for the expression of the presence
of gas within the scrotum [1]. Although most cases are
associated with pneumoperitoneum, there have only been
two reported cases after colonoscopy. We report herein, a
delayed colonic perforation revealed by a rare manifestation
of pneumoscrotum after EMR of a laterally spreading
tumor in the descending colon.
CASE REPORT
A 52-year-old man underwent total colonoscopy because
of a positive fecal occult blood test in our hospital. The
colonoscopy showed a laterally spreading tumor with uneven
nodules in the descending colon, of which the superficial
margin was clear after chromoendoscopy using indigocarmine dye spraying. (Figure 1A) Magnifying colonoscopy
after indigo-carmine dye and crystal violet staining disclosed
type IIIL and type IV pit patterns, therefore, this lesion was
endoscopically diagnosed as an intra-mucosal carcinoma in
an adenoma[2]. Endoscopic mucosal resection (EMR) was
attempted with a curative intent. Subsequently, for better
elevation and identification of the submucosal layer, 20 mL
of 10% glycerin (GLYCEOL) containing a small amount
of 0.4% indigo-carmine was injected into the submucosal
layer[3] The lesion was well-elevated, and was resected with
five fragments. After the EMR, magnifying observation
revealed a small amount of residual tumor at the periphery,
and argon plasma coagulation (APC) was performed for
ablation. (Figure 1B) The argon plasma coagulator was used
with setting at 2.0 L/min gas flow and with power of 50 W.
To reduce the risk of perforation, APC was only applied to
coagulate the edge of the EMR site and the duration of
application was as short as 5 s. The patient did not complain
of abdominal pain or fullness during or immediately after
the therapeutic procedure, and no complication such as
bleeding or perforation was identified during colonoscopy.
The patient’s education included no alcohol and no exercise
for 1 wk after EMR. He was discharged 1 h after the
procedure, uneventfully. However, he revisited our center
the next day because of mild inguinal pain and an enlarged
scrotum. Before admission, he had taken two meals including
a dinner and a breakfast as usual. On admission, his vital
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Figure 1 A: Colonoscopy after indigo-carmine dye spraying showed a laterally
spreading tumor 35 mm in diameter in the descending colon; B: The ulcer after
piecemeal EMR and APC revealed no active bleeding or perforation.

Figure 2 Upright abdominal X-p film showed free air in the sub-diaphragmatic
space.

signs were within normal limits excluding mild fever, and
physical examination disclosed only an enlarged but light
scrotum, and no abdominal tenderness or muscular defense
was found. Upright abdominal X-ray film showed free air
in the left sub-diaphragm. (Figure 2) Computed tomograhy
(CT) of the chest and abdomen revealed pneumopericardium,
pneumoperitoneum and bilateral pneumoscrotum. (Figure 3)
The laboratory data showed that WBC count was 12 000
and C-reactive protein was 58 mg/dL, respectively. Other
data were within normal limitation. A diagnosis of colonic
perforation in delayed fashion was made. After consultation
with the surgeons, the patient was first treated medically under
NPO; administration of antibiotics (cefmetazole sodium,
4 g/d) and subsequent hyperalimentation were carried out
for 2 d. The fever and inguinal pain were relieved within 24 h.
The pneumoscrotum resolved within 2 d, the resolution of
the pneumoscrotum was judged by CT and physical
examination and the symptoms of the patient. C-reactive
protein levels decreased from 5.8 to 0.6 mg/dL in 4 d. The
permission of oral intake was based on the clinical course,
physical examination, laboratory data, and the patient’s
symptoms. Oral intake was started on the third day at hospital,
and he was discharged uneventfully after five days of
hospitalization. The removed specimen was histologically
diagnosed as a tubular adenoma, with focal carcinoma
limited to within the mucosal layer. No muscle layer was
identified in the resected specimens.

Figure 3 Abdominal computed tomography disclosed free air in the scrotum.

DISCUSSION
Colonic perforation associated with therapeutic colonoscopy
is uncommon, and the reported incidence ranges from 0.073%
to 2.14%[4-6]. It could occur immediately or in a delayed
fashion. Most of the signs of colonic perforation are abdominal
symptoms including peritonitis. However, our case presented
pneumoscrotum as a sign of a colonic perforation after
EMR in delayed fashion. Pneumoscrotum is a term, which
implies the presence of air within the scrotum[1]. Although
pneumoscrotum associated with pneumomediastinum and
subcutaneous emphysema, secondary to pneumothorax is
a well-described entity, there have only been two reported
cases following colonoscopy and both cases occurred
immediately after the procedures[7-11]. Our patient developed
pneumoscrotum in a delayed fashion, which is different
from the previous reports. The reason, why we diagnosed
the perforation developed in delayed fashion is as follows,
first, our patient did not complain of any symptoms related
to colonic perforation during EMR or in the recovery room
before discharge. Second, repeated review of the recorded
video tape of the procedure also revealed no definite
perforation. Therefore, the perforation was suggested to
have developed in a delayed fashion to firstly create
pneumoperitoneum, and the air then reached the scrotum
and created pneumoscrotum, which presented as the first
symptom and sign of colonic perforation.
Colonic perforation may be intraperitoneal or retroperitoneal, or both[11]. Our case presented pneumoscrotum,
pneumopericardium and pneumoperitoneum, which
suggested that the perforation developed in the retroperitoneal
space. That our case developed in a delayed fashion also
supported that the perforation was retroperitoneal, as,
compared to intraperitoneal perforation, retroperitoneal
perforation is reported to be relatively painless and to become
clear, some hours after the procedure. Furthermore, most
cases presenting pneumoscrotum are associated with
pneumoperitoneum, like ours[12-14].
Our case was treated successfully without laparotomy,
however, the choice of conservative or surgical treatment
for iatrogenic colonic perforation remains controversial[15-18].
The finding of air in the scrotal sac may be an early sign of
a life-threatening condition, or may represent an incidental
finding associated with more common benign conditions[1].
It depends on the local air production or movement of air

Fu KI et al. Pneumoscrotum after therapeutic colonoscopy

from the peritoneal space. Local air production suggests
gas gangrene or scrotal trauma, which is infectious and may
be fatal, unless treated appropriately. On the other hand,
movement of air from the peritoneal space is usually noninfectious and can be treated conservatively. The reported
case of pneumoscrotum secondary to colonic perforation
in the retroperitoneal space following colonoscopy were
successfully treated non-operatively[10,11]. In this case, the
choice of non-surgical treatment was based on the following:
first, the patient’s vital signs were stable; second, the
abdominal pain was mild and localized; and third, the
pneumoscrotum was painless and the air was not locally
produced but originated from the pneumoperitoneum.
Additionally, and perhaps most important, no unexplained
peritoneal fluid was found in the abdominal CT, which
suggested no severe peritonitis. Therefore, in this case the
pneumoscrotum and pneumoperitoneum was finally judged
to be non-infectious.
In conclusion, we report a case of colonic perforation
occurring in delayed fashion after EMR, which was revealed
by pneumoscrotum. Although rare, colonoscopists should
keep in mind that pneumoscrotum could present as a sign
of colonic perforation, and the choice of treatment should
be chosen carefully.
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Abstract
The transjugular intrahepatic portosystemic stent-shunt
(TIPS) has successfully been used in the management of
refractory variceal bleeding and ascites in patients with
portal hypertension. Major drawbacks are the induction
of hepatic encephalopathy and shunt dysfunction. We
present a 59-year-old woman with alcoholic liver cirrhosis
who received a TIPS because of recurrent bleeding from
esophageal varices. Stent occlusion occurred 4 mo after
placement of the TIPS. Laboratory testing revealed
resistance to activated protein C (APC). Combination
therapy with low-dose enoxaparin and clopidogrel could
not prevent her recurrent stent occlusion. Finally, therapy
with high-dose enoxaparin was sufficient to prevent
further shunt complications up to now (follow-up period of
1 year). In conclusion, early occlusion of a TIPS warrants
testing for thrombophilia. If risk factors are confirmed,
anticoagulation should be intensified. There are currently
no evidence-based recommendations regarding the best
available anticoagulant therapy and surveillance protocol
for patients with TIPS.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Cirrhosis, the common end stage of various chronic liver
diseases, results from the necrosis of liver cells and increased

connective tissue production (fibrosis) with nodule
formation. The distorted liver architecture interferes with
liver function and blood flow, thereby producing the
clinical features of impaired liver cell function and portal
hypertension. When the portal vein pressure, which normally
is around 7 mmHg, rises above 14 mmHg, splenomegaly,
ascites and collaterals develop between the portal and
systemic circulation[1]. Ascites can be treated by diuretics
and paracentesis, and esophago-gastric varices by -blockers,
vasoactive drugs (octreotide, terlipressin) and endoscopic
procedures (variceal band ligation, sclerotherapy) respectively[1].
Alternatively, a transjugular intrahepatic portosystemic
stent-shunt (TIPS) which leads to portal decompression can
be inserted by creation of a communication between a
central hepatic vein and an intrahepatic branch of the portal
vein. The idea of creating an intrahepatic shunt was first
introduced more than 30 years ago [2]. The use of an
expandable metal stent was further developed in the 1980s.
The relative ease with which the stent can be placed has led
to the widespread use of TIPS for the treatment of many
complications of portal hypertension (acute variceal
hemorrhage, prevention of re-bleeding from varices, control
of ascites, hepato-renal failure, hepato-pulmonary syndrome
and hepatic hydrothorax[3-7]), acute and chronic Budd-Chiari
syndrome[8] or portal vein thrombosis[9-11]. We report a
59-year-old woman with alcoholic liver cirrhosis, who had
recurrent TIPS occlusion after having received a TIPS
because of variceal bleeding. Thrombophilia results from
resistance to activated protein C (APC) and demands
intensification of anticoagulant therapy, which prevents
further stent dysfunction.

CASE REPORT
History and examination
Alcoholic liver cirrhosis (Child-Pugh class A) in a 59-year-old
woman was complicated by recurrent hemorrhages from
esophago-gastric varices. Finally, she was referred to our
clinic with the request that a TIPS should be inserted.
The past medical history was uneventful, except for an
appendicectomy at age 12, a hysterectomy because of
intramural uterine fibroids and surgery for varicose veins.
There was no history of venous thrombosis or embolism,
but an episode of transient ischemic attack seemed to have
occurred because the patient reported a brief episode of
aphasia and weakness in her right arm, 3 years ago. She
admitted alcohol dependence for a period of approximately
5 years.
Examination revealed that she was in slightly reduced
general health condition and nutritional status with a
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BMI of 20.8 kg/m2 (58 kg, 1.67 m). There was neither
lymphadenopathy nor jaundice nor edema. Some facial
telangiectasia and spider naevi on the upper chest could be
found, but no palmar erythema or other skin liver signs.
Blood pressure was 115/60 mmHg, heart beats were regular
at 74/min. Examination of the cardiovascular, respiratory,
and abdominal systems was normal.
Blood tests and investigations
Routine laboratory testing revealed the following
pathological parameters (normal range): hemoglobin 82 g/L
(120-160 g/L), MCV 98 fL (<93 fL), platelets 104 000 G/L
(150 000-350 000 G/L), aPTT (activated partial thromboplastin
time) 46 s (28-45 s), INR 1.1 and Quick 75% (70-100%),
CRP 25 mg/L (<5 mg/L), total protein 54 g/L (66-83 g/L),
albumin 28 g/L (34-48 g/L), -globulins 22% (14-19%),
total bilirubin 1.2 mg/dL (<1.1 mg/dL), -GT 120 U/L
(<19 U/L), alkaline phosphatase 206 U/L (<180 U/L),
pseudocholinesterase 2 127 U/L (>3 500 U/L). Serologically,
there was no evidence for current or previous hepatitis
A, B, or C.
On abdominal ultrasound, liver size was reduced to
9.6 cm in the right mid-clavicular line, the surface was
irregular, the echogenicity enhanced. The spleen was
enlarged to 15 cm×5 cm with no ascites. Color Doppler
sonography demonstrated orthograde flow in the portal vein,
but velocity was reduced to 4 cm/s on duplex sonography.
Gastroscopy confirmed the fourth grade esophageal varices
with scarring due to previous sclerotherapy, fundal gastric
varices, and hypertensive gastropathy.
Treatment and follow-up
A TIPS (expandable metal Wallstent, Boston Scientific/
Ratingen Germany, 10 mm in diameter) was inserted without
any short-term complications. Post-interventionally, 75 mg
of clopidogrel, an inhibitor of platelet aggregation, was taken
orally once daily, and the patient was discharged from the
hospital. The portocaval pressure gradient decreased from
24 to 7 mmHg. On an outpatient-visit 4 mo later, the
patient was in good general health and asymptomatic, but
color Doppler sonography and duplex sonography revealed
thrombotic occlusion of the TIPS. Therefore, she was readmitted to our hospital. Gastroscopy again found the fourth
grade esophageal varices (Figure 1A). Shunt angiography
verified TIPS occlusion (Figure 2A), and shunt revision was
successfully performed (Figure 2B). Control gastroscopy
confirmed excellent size reduction of the varices (Figure 1B).
Additionally, screening laboratory testing for thrombophilia
was initiated, and heterozygous factor V-Leiden resulting in
resistance to APC was identified by PCR. Therefore,
clopidogrel medication was supplemented with daily
subcutaneous self-injections of 40 mg enoxaparin, a low
molecular weight heparin. Intensified anticoagulation
could not prevent the recurrent stent occlusion 2 mo after
revision of the shunt, which became obvious on routine
color Doppler examination after an additional 2 mo. Once
again, TIPS revision was successfully performed. Due to
repeated thrombosis, anticoagulant therapy was further
intensified. In addition to clopidogrel, high-dose enoxaparin
(60 mg twice daily s.c.) was initiated, which was sufficient to
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prevent further shunt complications up to now, i.e. a
follow-up period of 1 year.

A

B

Figure 1 Esophageal varices before (A) and after (B) TIPS revision.

A

B

Figure 2 Shunt angiography before (A) and after (B) TIPS revision.

DISCUSSION
Though TIPS placement is used as a treatment modality
for the complications of portal hypertension, only in the
case of refractory ascites (four randomized controlled trials)
and recurrent variceal hemorrhage, as in the patient presented
here (12 randomized controlled trials), TIPS has been
compared to other forms of therapy. The superiority of
TIPS with regard to symptom control could be demonstrated,
whereas insertion of a TIPS could not improve survival.
TIPS is widely accepted as the main second-line treatment
option for acute variceal hemorrhage not responding to
other treatment options[3-7,12,13].
On the one hand, TIPS is an elegant therapeutic procedure
with a low (1-2%) procedure-related mortality[4,5,7] thus
offering the chance of taking a diagnostic transjugular liver
biopsy in patients with advanced liver cirrhosis. Moreover,
TIPS does not hamper or exclude future liver transplantation
because normal anatomy of the extrahepatic vessels is
preserved. Indeed, it can serve as a valuable bridging
procedure to liver transplantation. On the other hand,
placement of a TIPS can be complicated by substantial
acute and chronic morbidity[3,4,14] (Table 1). The major
long-term drawback of TIPS besides the induction or
worsening of hepatic encephalopathy[15,16] is stent dysfunction
due to occlusion or stenosis. Meta-analysis indicates that
within 2 years of TIPS creation, re-intervention to re-establish
or maintain the patency of the shunt is required in 70-90%
of patients, and total occlusion occurs in 20-40% of patients.
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Nevertheless the secondary or assisted patency rate during a
2- to 5-year follow-up period is between 72% and 91%[3,16-20].
Stent occlusion during the first month after TIPS
placement is mainly a consequence of shunt thrombosis,
thereafter, shunt stenosis in most cases is the result of
pseudointimal hyperplasia[3-5,20]. We described a patient
with repeated shunt thrombosis for a longer time period
due to resistance to APC. Hence, in patients with recurrent
thrombotic TIPS occlusion, hypercoagulopathy as a risk
factor for shunt complications should be ruled out. APC
resistance (or Factor V-Leiden) as a cause of familial
thrombophilia was first described in 1993 [21]. A point
mutation in the gene encoding factor V (G1691A) leads to a
conformational change at the site, where factor Va is cleaved
by APC and thereby inactivated. Prolonged activation of
factor V results in hypercoagulopathy. Heterozygous factor
V mutation carriers have a 5-10-fold increased risk of
thromboembolic events, and in patients with homozygous
factor V mutation, the risk shoots up further[22,23]. Prevalence
of the mutation is about 5% in the normal population, and
inheritance follows an autosomal dominant manner. Other
major causes of inherited and acquired thrombophilia which
have to be excluded are listed in Table 2.
In the patient described here, escalation of anticoagulation
combining the usually given inhibitors of platelet aggregation
with low molecular weight heparin in therapeutic dosage
was sufficient to prevent further shunt occlusions. However,
no data are currently available on the optimal anticoagulant
therapy to prevent shunt occlusion. When a TIPS is placed
for the prevention of variceal re-bleeding, peri-interventional
anticoagulation with heparin is recommended to reduce early
shunt occlusion[17]. Additional therapy with the inhibitors of
platelet aggregation, ticlopidine and trapidil for 6 mo after
initial intravenous heparin for 24 h significantly reduces the
rate of TIPS stenosis[24]. In a recent review article, the use
of subcutaneous low-dose low molecular weight heparin
for 4 wk, together with trapidil and ticlopidine for 12 mo[3]
is suggested. Higher dosage of heparin seems to be necessary
in patients with thrombophilia, but in a controlled trial,
phenprocoumon does not reduce the risk of early stent
occlusion or later stent stenosis in patients without
hypercoagulopathy[25]. Moreover, since the risk of bleeding
is significant in patients with cirrhosis, the use of oral
anticoagulants with long half-lives is problematic.
Alternatively, coated stents or drug-eluting stents can
probably protect against shunt thrombosis, and preliminary
results indicate that the rates of stent thrombosis and
occlusion can be reduced[26-30]. However, patients must be
selected more carefully, because covered stents have a higher
risk of hepatic encephalopathy[31].
The high rates of shunt dysfunction with the resulting
risk of re-bleeding ask for a surveillance program of
TIPS patients. Unfortunately, follow-up protocols differ
significantly between centers because the optimal regime is
unknown. Duplex ultrasonography at intervals of 3-6 mo
has been practiced in most studies exhibiting a sensitivity
of 53-100% and a specificity of 62-98% in detecting shunt
insufficiency[3,4,17], although a recent study has reported a
poorer sensitivity of only 35%[32]. However, the finding of
shunt dysfunction does not always make shunt revision
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mandatory. When duplex sonography confirms TIPS
occlusion or when the technique does not yield a clear
result, an endoscopic re-evaluation is followed. Only when
significant varices can be demonstrated, shunt angiography
with measurement of the portal-venous pressure gradient
is necessary and clearly discriminates whether radiological
shunt revision is indicated or not.
In conclusion, TIPS is an elegant procedure which
simultaneously serves as a diagnostic and therapeutic tool
in patients with complications of portal hypertension. Shunt
dysfunction by thrombosis or neointimal proliferation,
the major complication besides worsening of hepatic
encephalopathy, may be reduced temporarily by using
inhibitors of thrombocyte aggregation and (low molecular
weight) heparin. Repeated thrombotic TIPS occlusion is
mostly due to thrombophilia, which requires more extensive
laboratory testing to detect the underlying inherited or
acquired coagulation disorder(s).
Table 1 Complications of TIPS
Acute complications

Chronic complications

Transcapsural puncture

Deterioration of liver function

Intrahepatic hematoma

New or worsened hepatic encephalopathy

Intraperitoneal bleed

TIPS dysfunction (thrombosis, stenosis)

Fistulae:

Hyperdynamic circulation and cardiac failure
Hemobilia
Arterio-portal fistulae

Malpuncture of other organs
Portal vein thrombosis
TIPS dislocation
Infections and sepsis
Hemolysis
Contrast media-related complications:
Allergic reactions
Acute renal failure
Cardiac arrhythmias/myocardial infarction

Table 2 Causes of thrombophilia
Hereditary causes

Acquired causes

Resistance to APC = Factor V-Leiden

Antiphospholipid syndrome

(Factor V gene mutation G1691A)

Lupus anticoagulant

Prothrombin gene mutation

Malignancy and myeloproliferative

(G20210A)

disorders

Antithrombin III deficiency

Hyperviscosity (multiple myeloma)

Hyperhomocysteinemia

Cardiac failure and any type of shock

(MTHFR mutation)
Protein C deficiency

Nephrotic syndrome

Protein S deficiency

Liver cirrhosis

Dysfibrinogenemia

Protein-losing enteropathy

Increased factor VIII and PAI-1

Chronic inflammatory bowel disease

Plasminogen deficiency

Hemolytic uremic syndrome

tPA deficiency

Thrombotic thrombocytopenic purpura
Post-surgery, post-traumatic,
immobilization
Oral contraceptives and smoking
Obesity
Pregnancy
Geriatric patients

Siewert E et al. TIPS thrombosis due to APC resistance
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Abstract
Among the various congenital anomalies of the biliary system,
an ectopic opening of the common bile duct (CBD) in the
duodenal bulb is extremely rare. ERCP is essential for
diagnosing the anomaly. A 55-year-old male was admitted
to hospital for severe right upper quadrant abdominal pain,
followed by fever, chills, elevated body temperature and mild
icterus. The diagnosis of ectopic opening of CBD in the duodenal
bulb was established on endoscopic ultraso-nography (EUS),
which clearly demonstrated dilated CBD, with multiple stones
and air in the lumen, draining into the bulb. A normal
pancreatic duct, which did not drain into the bulb, was also
observed. This finding was confirmed on ERCP and surgery.
As far as we know, this is the first case of this anomaly
diagnosed by EUS. Ectopic opening of the CBD in the duodenal
bulb is not an incidental finding, but a pathologic condition
which can be associated with clinical entities such as
recurrent or intractable duodenal ulcer, recurrent biliary pain,
choledocholithiasis or acute cholangitis. Endoscopic
ultrasonography features allow preoperative diagnosis of
this anomaly and can replace ERCP as a first diagnostic tool
in such clinical circumstances. Embryology of the anomalies
of the extrahepatic biliary tree has been also reviewed.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Among the various congenital anomalies of the biliary

system, an ectopic opening of the common bile duct (CBD)
in the duodenal bulb is extremely rare. Until recently, there
were only a few sporadic case reports of this anomaly in the
literature worldwide[1-3]. In 2003, Lee et al., presented the
largest study consisting of 18 Patients with this anomaly[4]. In
that study, as well as in case reports published elsewhere, the
diagnosis of an ectopic opening of the CBD in the duodenal
bulb was established on ERCP when: (1) an orifice was
observed in the bulb by duodenoscopy or upper endoscopy,
and the bile duct and/or the pancreatic duct were directly
visualized radiographically, when contrast was injected via
this opening; (2) there was direct drainage of the CBD into
the duodenal bulb without evidence of any other drainage
into the duodenum on cholangiography; and (3) there was
no evidence of a papilla-like structure in the second or
third portion on duodenoscopic examination[1-4]. However,
ERCP is an invasive endoscopic procedure which is
associated with significantly greater morbidity and mortality,
when compared with either upper endoscopy or endoscopic
ultrasonography (EUS)[5]. Septic complications of ERCP
can be life-threatening[6]. Mortality rates for post-ERCP
cholangitis vary from 10 to 16%[7]. On the other hand,
diagnostic EUS is a non-invasive endoscopic procedure with
negligible rate of complications. We present, for the first
time, a patient with ectopic opening of the CBD in duodenal
bulb, diagnosed by EUS.

CASE REPORT
A 55-year-old male presented at the University Clinic for
Gastroenterology on March 27, 2002, with severe right upper
quadrant abdominal pain, followed by fever, chills, elevated
body temperature (39.5 ℃) and mild icterus. His history
revealed two identical attacks in the previous 4 mo, which
subsided with parenteral antibiotics at a local hospital. His
body weight loss in the previous 6 mo was more than 10 kg.
In 1998, he was operated on due to malignant melanoma
and had a history of non-insulin dependent diabetes mellitus
for the previous 4 years. On admission, physical examination
revealed only mild tenderness in the upper abdomen followed
by obscure jaundice. Routine biochemistry revealed
cholestatic pattern: elevated alkaline phosphatase 149 U/L
(n<70 U/L), gamma glutamyl transpeptidase 404 U/L
(n<35 U/L), conjugated bilirubin 35 µmol/L (n<11 mol/L)
and ALT 88 U/L (n<23 U/L). Abdominal ultrasonography
performed at our hospital disclosed gall bladder with few
small gallstones, dilatation of the common bile duct of more
than 20 mm, with suspicious stones in the lumen, and a
pseudotumor in the projection of the duodenal bulb. The
computed tomography finding was unremarkable revealing
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only discreet intrahepatic biliary dilatation in left liver lobe.
Endoscopic examination of the duodenum disclosed bulbar
deformity without ulcers and erosions, as well as a slit-like
opening on the posterior bulbar wall from which bile flowed
intermittently, especially when suction was applied with the
endoscope (Figure 1). At that particular moment, our idea
was that a spontaneous fistula, secondary to choledocholithiasis
or ulcer disease had occurred in this patient. Endoscopic
ultrasonography examination of the upper GI tract and
biliary system (using radial 7.5/12 MHz switchable probeOlympus device) was carried on. EUS exploration from
the duodenal bulb with the 7.5 MHz radial probe clearly
demonstrated dilated common bile duct with multiple stones
and air in the lumen, draining in the duodenal bulb (Figures 2A
and B). There were no EUS signs of fistula. The mild
lobulation and inhomogeneity of pancreatic parenchyma
was also documented, since the main pancreatic duct
appeared non-dilated and unchanged and was not draining
into the duodenal bulb (Figure 2C).

Figure 1 Endoscopic image: deformed duodenal bulb with slit-like opening
(black arrow).

A
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The final diagnosis of an ectopic opening of the CBD
in the duodenal bulb was confirmed on ERCP, where
markedly dilated biliary tree with stones was directly
visualized radiographically on injection of contrast via the
orifice observed previously in the bulb. Technically, it was
especially demanding to cannulate the opening in the
duodenal bulb blindly with duodenoscope placed horizontally
in the stomach body (Figure 3A). At the end of this procedure,
cannulation of the major duodenal papilla, which appeared
regularly in the descending duodenum, disclosed the
unchanged main pancreatic duct, making a loop in the head
of pancreas (Figure 3B).
The patient underwent surgery including open cholecystectomy, bile duct exploration with subsequent extraction
of biliary stones, and choledochoenterostomy (Figure 4).
On the 7th d after the operation, the patient was discharged
from the hospital. Two years after the operation, he has
been doing well and denied any symptoms.

DISCUSSION
The embryonic development of the liver and biliary tree
begins late in the 3rd wk of intrauterine development, when
a small hepatic diverticulum arises from the thickened area
of endoderm (epithelium), at the junction of the foregut
and the midgut[8]. The cells of hepatic diverticulum penetrate
the mesenchyma of the ventral mesogastrium, dividing into
a ventral and a dorsal bud. The ventral bud (pars cystica)
stays close to the free edge of the mesogastrium, and, after
developing a lumen, forms the primitive gall bladder. The
dorsal bud (pars hepatica) divides in turn to the left and
right liver lobe primordia. As the liver and biliary tree
develop inseparably, these primordia multiply to form an
epithelial spongework or cords which come in close relation

B

C

Figure 2 EUS image A: EUS image: dilated common bile duct (thick arrow) with
stones and air (thin arrows) draining in the bulb; B: EUS image: dilated common

bile duct with stones (black arrow) in the lumen; C: EUS image: unchanged
main pancreatic duct (black arrow) with parenchymal irregularity (white arrows).
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A

Figure 3 ERCP image. A: ERCP image: dilated biliary tree filled with stones
cannulated from the duodenal bulb; B: ERCP image: the main pancreatic duct

Figure 4 Extracted biliary stones.

to vitelline and umbilical veins. The stem of the hepatic
primordium becomes the bile duct, its connection to the
ventral bud forms the cystic duct, and the divisions of the
dorsal bud become left and right hepatic ducts. Initially, the
gall bladder is a hollow organ, but, as a result of proliferation
of its epithelial lining, it becomes temporarily solid. The
definite lumen develops by recanalization of the epithelium.
The intra- and extrahepatic ducts also go through a solid
and recanalization stage in their development. If their lumen
fails to reopen, the ducts will appear as narrow, fibrous
cords. Occasionally, such an atresia is limited to a small
portion of the bile duct only. Another important feature of
the bile duct development is rotation of the primitive
duodenum 90° on its longer axis, which brings the bile duct
dorsal to the upper limb of duodenum.
The development of duodenum, pancreas, and bile ducts
has been wittily described as embryological “traffic jam”[9].
In a case report of a complete absence of bile and pancreatic
ducts in a newborn[10], it has been postulated that there may
be a genetic factor related to defects in the liver and pancreas.
Like those genes themselves, their products are largely
unknown, as are the interactions of the few products that
have been identified[8].
Variations in the extrahepatic duct topography, which
extend from the complete absence of the CBD [11] ,
anomalous opening of the biliary tree[12], through accessory
hepatic ducts to duplications of the gall bladder or the bile
duct, are thought to arise from the difference in extension
and projection of the analage derived from the caudal
hepatic bud.
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making the loop in the pancreatic head.

The description of the development of liver, pancreas
and connected duct systems provides no evidence that two
extrahepatic ducts with separate openings into the
gastrointestinal tract are stages in normal organogenesis[13],
so that the development of double common bile duct can
be ascribed to disturbances in recanalization of the hepatic
primordium. The accessory bile duct can open into various
parts of the digestive tube-stomach[14], all four portions of
the duodenum, pancreatic duct, or can be only presented
by a septum in the common bile duct[15].
According to the above-mentioned criteria for diagnosing
ectopic opening of CBD in the duodenal bulb[4], in such
cases there should be no evidence of a papilla-like structure
in the lower duodenum. This is in contradiction to a
previous report[16] , which permits the possibility of the
pancreatic duct opening elsewhere in the duodenum, apart
from the ectopic CBD. In our case, we clearly demonstrated
an ectopic opening of CBD in the duodenal bulb, and, apart
from it, the existence of a normal pancreatic duct opening
through the papilla in the descending duodenum. Therefore,
we hypothesize that the primary embryological event was
the duplication of the common bile duct (double CBD).
One of those ducts had an anomalous opening in the
duodenal bulb, while the other took a normal course to join
the pancreatic duct. The latter duct probably underwent
atresia, which left the whole biliary drainage through the
ectopically positioned duct. This is in accordance with the
fact, that the pancreatic duct has been visualized in only 1/8
and 7/18 cases in the previous studies on ectopic opening
of CBD into the duodenal bulb[16,4]. Therefore, we suggest
that the 3rd criterion concerning the papilla-like structure in
the descending duodenum should be discarded.
An ectopic opening of the common bile duct in the duodenal
bulb is extremely rare. The percentage of asymptomatic
individuals is unknown, since there was no consistent autopsy
study[4]. Until recently there were only a few sporadic case
reports of symptomatic anomaly[1–3]. However, true incidence
could be much higher than presently appreciated, as Lee
et al. stressed recently[4]. They concluded that ectopic opening
of the CBD in the duodenal bulb is not an incidental finding,
but a pathologic condition which can be associated with
clinical entities such as recurrent or intractable duodenal
ulcer, recurrent biliary pain, choledocholithiasis or acute
cholangitis. Our patient had two episodes of acute cholangitis
in regional hospitals before establishing correct diagnosis.
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The same scenario took place in other studies, whereas
anomaly was not diagnosed in any patient before referral to
tertiary institutions, where the patients were evaluated[16].
The diagnostic tools for such entities ranged from plain
upper GI barium X-ray[17], operative cholangiography[1] to
CT[16], but ERCP is the “golden standard”. However, ERCP
is an invasive endoscopic procedure, which is associated with
a variety of possible complications[18]. Some of them, like
sepsis can be life-threatening[6]. Mortality rate for post-ERCP
cholangitis is very high, reaches even 16%[7]. On the other
hand, diagnostic EUS is a non-invasive endoscopic procedure
with negligible rate of complications.
For the first time, we presented clear EUS features of
this anomaly, which undoubtedly excluded other possibilities
in differential diagnosis: fistula secondary to ulcer disease
or choledocholithiasis or spontaneous biliodigestive fistula.
Endoscopic ultrasonography features allow preoperative
diagnosis of this anomaly and can replace ERCP as a first
diagnostic tool in such clinical circumstances.
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Abstract
Gastrointestinal duplication is an uncommon congenital
abnormality in two-thirds of cases manifesting before the
age of 2 years. Ileal duplication is common while colonic
duplication, either cystic or tubular, is a rather unusual
clinical entity that remains asymptomatic and undiagnosed
in most cases. Mostly occurring in pediatric patients,
colonic duplication is encountered in adults only in a few
cases. This study reports two cases of colonic duplication
in adults. Both cases presented with rectal bleeding on
admission. The study was focused on clinical, imaging,
histological, and therapeutical aspects of the presenting
cases. Gastrografin enema established the diagnosis in
both cases. The cystic structure and the adjacent part of
the colon were excised en-block. The study implies that
colonic duplication, though uncommon, should be included
in the differential diagnosis of rectal bleeding.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastrointestinal duplication is an uncommon congenital
abnormality[1]. More than 80% of cases present before the
age of 2 years as an acute abdomen or bowel obstruction
and can occur anywhere throughout the alimentary tract[1,2].
Ileum is the most common site for duplication, accounting
for over 60% of cases[4]. On the other hand, duplication of

the colon is a rare abnormality, accounting for 4-18% of all
gastrointestinal duplications, often located in the cecum[3,4].
A thorough review of the international literature since
1950, has revealed 83 cases of colonic duplications reported
up-to-date.
Although intestinal duplications are considered to be
benign lesions, mostly asymptomatic, they may result in
significant morbidity and mortality, if left untreated[5].
Indications for surgical intervention often arise in an acute
setting, in the form of a complication. Specifically, patients
with previously undetected duplications may present in the
setting of bowel obstruction or severe gastrointestinal
hemorrhage (i.e., ulcerating gastric mucosa within a
duplication cyst)[3]. If encountered incidentally, these lesions
should be surgically addressed to avoid any future
complication, including the possibility of malignant
degeneration within the duplication cyst[3,5].
The cases mentioned in the present article refer to
patients manifesting bleeding of the lower gastrointestinal
tract, which was finally proved as originating from the
mucosa of a colonic duplication.

CASE REPORTS
Case 1
A 53-year-old male was admitted to our department with
rectal bleeding. He claimed of stool mixed with blood,
without pain or changes in bowel habits, 5 d prior to
admission. The patient had a medical history of constipation,
being treated with diet for more than 20 years. On admission,
he was in a stable clinical condition, with normal vital signs
and blood tests were within normal ranges. Rectal examination
confirmed the presence of blood in the stools. Plain X-rays
of the abdomen showed no particular findings.
Colonoscopy was performed showing only two small
diverticula in the sigmoid colon, but could not reveal the
site of bleeding. It was not possible for the right colon to be
examined thoroughly, due to imperfect bowel cleansing. As
a second step of the diagnostic procedure, radiographic
colon imaging after gastrografin enema was performed. It
showed a fistula in the middle of the ascending colon,
communicating with a cystic formation approximately
2 cm×1 cm in dimension. Furthermore, a computerized
tomography of the abdomen was performed, which
confirmed the findings and a possible diagnosis of colonic
duplication of ascending colon was concluded. A second
colonoscopy detected the mucosa of the colonic duplication
to be the origin of bleeding.
Excision of the cystic lesion was decided (Figure 1). It
was resected en-block to the section of the ascending colon
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and an end-to-end anastomosis of the colon was performed.
Pathological examination of the resected lesion revealed a
duplication cyst in the mesenteric border of the ascending
colon, with normal intestinal mucosa lining its wall
(Figure 2). Within the mucosa of the duplication, a site of
angiodysplasia was detected as the origin of bleeding.
The patient had an uneventful postoperative course and
was discharged on the 6th post-operative day. He remained
asymptomatic ever since.
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was a mucosal ulceration in the cystic cavity, probably
representing the origin of bleeding. There was no immediate
or delayed post-operative complication.

Figure 3 Surgical specimen in the second case including the descending colon
with a duplication cyst adjacent to the colon.

Figure 1 Surgical specimen including the ascending colon together with a
duplication cyst attached to the mesenteric border of the colon.

Figure 2 Normal intestinal mucosa of the cyst in the first case (HE ×125).

Case 2
A 45-year-old male was referred to our department claiming
of fatigue and a 5-d history of bloody stools. Physical
examination as well as blood investigations were entirely
unremarkable. The patient was submitted to rectal
examination as well as colonoscopy, which did not reveal
any source of bleeding. The radiological imaging control
using gastrografin enema showed a cystic formation of
0.5 cm×5 cm in size, located in the mesenteric border of
the descending colon. This finding was confirmed by a second
colonoscopy, which established the diagnosis of a colonic
duplication.
A surgical intervention was decided in order to detect
the site of bleeding, as well as to prevent any further
complication of the cyst. The cystic lesion was resected enblock to the adjacent part of the colon (Figure 3) and an
end-to-end anastomosis was performed. The cyst was
confirmed to be a colonic duplication of normal colonic
mucosa according to the pathologic study. Indeed, there

DISCUSSION
Intestinal duplication is a congenital malformation, that
occurs mostly in pediatric patients[2,6]. It could be encountered
anywhere throughout the gastrointestinal tract, from the
mouth to the anus. Current nomenclature relies on the
anatomic location of the duplication in relation to the normal
intestinal tract and not on the histological features of the
mucosal lining[2]. Intestinal duplications are located in, or
attached (share a common wall) to the wall of an adjacent
part of the gastrointestinal tract and possess at least one
exterior layer of smooth muscle and are lined with various
types of gastrointestinal mucosa[1]. Further characterization
defines these abnormalities as either spherical or tubular.
Rarely, complete duplication of the colon may be
encountered[7].
Approximately 75% of duplications have been reported
to be located within the abdominal cavity. Jejunal and ileal
lesions are the most commonly encountered (53%), while
colonic lesions are found in 13% of cases. These lesions
may be cystic (75%) or tubular (25%) in appearance and
characteristically arise from the mesenteric border of the
bowel[5,6]. They may or may not have one or more direct
communications with the adjacent part of the bowel across
the common septum[3]. Non-communicating duplications
typically contain clear alkaline fluid, except in cases in which
gastric mucosa is present (25%) and acidic fluid is observed.
In addition, non-activated pancreatic enzymes may also be
observed in cases of ectopic pancreatic tissue within the
duplication lesion[3] . In adults, either cystic or tubular
duplication of the colon is a rare entity[8].
Most colonic duplication cysts are asymptomatic and
remain undiagnosed for years [9]. If symptomatic, they
manifest with obstruction[10,11], bleeding[10-13] or constipation[8].
Cystic duplications have been reported to cause obstruction
of the colon as a result of direct compression, volvulus, or
intussusception, whereas tubular duplications of the rectum
have been described as having direct communication with
the perineum[3,13]. Although many duplications are diagnosed
incidentally, most patients present with a combination of
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pain and/or obstructive symptoms[14,15]. These symptoms
may be the direct effects of distension of the duplication
or caused by compression of adjacent organs (including
their associated blood supplies). In addition, abrupt
hemorrhage with hemodynamic instability can be encountered
in the case of a cyst, lined with mucosa that ulcerates and
eventually erodes into adjacent organs and/or vessels[3,13].
There are scattered reports of intestinal carcinomas found
within duplication cysts[14,16]. No significant difference in
clinical presentation has been detected between communicating
and non-communicating cysts[3].
Histological analysis typically reveals at least one outer
muscular layer with an inner gastrointestinal mucosal lining.
The mucosal lining does not necessarily correspond to that
of the adjacent normal intestine and may be comprised
several different types of gastrointestinal mucosa[2]. Because
of the relative scarcity of such abnormalities, current
literature consists mainly of small populations and case
reports rather than any large single or multi-institutional
series[8-10,13].
The first patient reported in this study, presented with
bleeding in the stools and constipation as his major
complaints on admission, while the other one claimed of
rectal bleeding. Abdominal X-rays in both cases showed
no abnormal findings. The use of contrast material in
the imaging control was necessary to discover the cysts.
Ultrasonography could help in the diagnostic procedure[17,18].
Colonoscopy and CT imaging could establish the diagnosis.
Colonoscopic examination revealed a cystic formation, lined
by normal intestinal mucosa, communicating with the colon.
CT imaging showed a cystic mass attached to the colon.
Preoperative diagnosis of colonic duplication is often
difficult. Symptoms usually include abdominal pain, often
confusing colonic duplication with other more common
diagnoses. Plain X-rays of the chest and abdomen should be
routinely performed; however, because of the non-specificity
of their results, it is difficult to make a pre-operative diagnosis
on the basis of radiographic findings. Computerized
tomography of the chest or abdomen is useful in establishing
a diagnosis of alimentary tract duplication during the
pre-operative workup and may be used to evaluate the
synchronous lesions, once a single duplication is identified[2,3].
Ultrasonography is also helpful in establishing a pre-operative
diagnosis[17,18].
Treatment is reserved for symptomatic cases and usually
includes resection of the cyst and the neighboring part of
the intestine [11,13,19]. Complications related to surgical
intervention are typically nonspecific and include postoperative bleeding, infection, and bowel obstruction[3].
However, in patients with large tubular duplications, injury
to the normal intestine with resultant short bowel syndrome
must be considered[3].
In most instances, cystic duplications can be completely
excised. Resection of normal intestine must often accompany
removal of the lesion, because of the intimate attachment
of the common wall or because isolated resection of
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the cyst would compromise blood flow to the adjacent
intestinal segment[3,11,13,19]. An alternative approach involving
marsupialization of the cystic structure consists of a partial
cystectomy combined with mucosal stripping of the
remaining cyst wall to preserve normal anatomy[3]. Although
current literature does not specifically address the prognosis
and outcome related to the diagnosis of alimentary tract
duplications, the overall outcome is generally favorable[2,3].
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Abstract
Chronic pancreatitis is a relatively common disease. We
enco un tered tw o d if f erent c a s es o f bel atedly
demonstrated pancreatic carcinoma featuring underlying
chronic pancreatitis. The first case was one that was highly
suspected as that of a malignancy based upon imaging
study, but unfortunately, it could not be confirmed by
intra-operative cytology at that time. Following this, the
surgeon elected to perform only conservative bypass
surgery for obstructive biliary complication. Peritoneal
carcinomatosis was later noted and the patient finally
died. The second case, a malignant mucinous neoplasm,
was falsely diagnosed as a pseudocyst, based upon the
lesion’s sonographic appearance and associated elevated
serum amylase levels. After suffering repeated hemoptysis,
the patient was found to exhibit lung metastasis and
peritoneal seeding. We reviewed some of the literature,
including those studies discussing chronic pancreatitis
predisposing to a malignant change. These two case
analyses illustrate clearly that the diagnosis for such
conditions, which is simply based upon imagery or
pathological considerations may end up being one of a
mistaken malignancy. Some of our suggestions for the
treatment of such malignancies as revealed herein include,
total pancreatomy for univocal mass lesion, and needle
aspiration of lesion-contained tissue for amylase, CA199
and CEA levels for a suspicious cystic pancreatic mass.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
We herein report on two cases of pancreatic malignancy,
an adenocarcinoma and a mucinous cystadenocarcinoma,
both of which featured an underlying chronic pancreatitis.
The first case was incorrectly diagnosed initially, even though
such diagnosis followed multiple-modality imagery studies
and intra-operative frozen-section pathology. The second
case was, initially, falsely diagnosed as a case of a pseudocyst
that had missed the ‘golden period’ of opportunity for
surgical treatment for this relatively non-aggressive malignant
tumor. The true diagnosis for this case was made subsequent
to the discovery of the widespread distribution of mucinous
tumor cells to the lungs and peritoneum. In an attempt to
improve our image-interpretation skills, and to provide some
more-effective suggestions for clinicians as regards to the
appropriate diagnostic procedures for future cases of a
similar nature, we have discussed these cases and reviewed
some of the related literature.
CASE REPORTS
Case 1
A 60-year-old female patient presented at our hospital, suffering
from diabetes mellitus and chronic pancreatitis, and revealed
a smoking habit of greater than 30 years. On one previous
occasion, this patient was admitted to a local hospital on a
complaint of chronic inflammation complicating postinflammatory obstructive jaundice. Two years subsequent
to this event, this patient suffered a relapse; she complained
of abdominal fullness and poor appetite. Tea-colored urine
and yellowish-colored skin were both noted, the patient was
diagnosed with biliary obstruction, and her condition failed
to improve following admission. The patient was then referred
to our OPD for further evaluation, at which time her condition
had progressed to one of general malaise and notable bodyweight loss. Serum amylase, CA-199 and CEA levels were,
respectively, 58 IU/L (normal <100), 1 387 U/mL (normal
<37) and 5.75 ng/mL (normal <4.6). Endoscopic retrograde
cholangiopancreatography (ERCP) was performed, but
obviously not sufficiently and effectively, it only revealed
pancreatic-duct dilatation and failed to provide appropriate
visualization of the common bile duct (CBD). Subsequent
enhanced CT and MRCP studies revealed dilatation of the
CBD, IHD, and MPD, and an ill-defined, heterogeneous
enhanced mass located in the uncinate process of the
pancreatic head (Figure 1A). Our impression at that time
was malignant pancreatic lesion complicating CBD
obstruction. Surgical intervention was then conducted, it
revealed the presence of a large, stony hard mass, measuring
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Figure 1 Enhanced CT scan shows extensive heterogenous mass (arrow)
occupying at para-pancreatic region to be involved with adjacent gastric wall
and para-ampullary region. Pancreatic duct dilatation is suggested and superior
mesenteric vein thrombosis cannot be ruled out (A). multiple heterogenous
hepatic lesions are demonstrated (B).

5-6 cm in diameter, located at the pancreatic head and being
tightly adherent to the portal vein and the common hepatic
artery. Further, we noted a 1.5 cm-diameter lymph node
located along the superior mesenteric artery. A gall-bladder
stone was also noted. Intra-operative frozen-sectioning of
a needle biopsy from the pancreatic head and body revealed
fibrosis and chronic inflammation with lymphocytic infiltration
into the fibrotic stroma. Intralobular and perilobular fibrosis
with atrophy of acini admixed with disorderly arranged islets
were also seen, but no evidence of malignancy was apparent,
a result that contrasted our initial impression. The patient
then underwent a bypass surgery including cholecystectomy,
choledochojejunostomy with Roux-en-Y and gastrojejunostomy.
Two months later, this patient again presented at our hospital
with similar symptoms to those detected at her previous
admission, computed tomography (CT) revealing multiple
heterogenous ill-defined hepatic tumors (Figure 1B). At this
time, we strongly suspected metastatic lesions according to
our past impressions of her condition, the past history of this
patient, and the updated CT findings. Sonographically guided
biopsy was conducted, but the subsequent histopathological
report concluded that the lesion was a liver abscess. The
patient was administered antibiotics and other supportive
treatment. Her condition improved and remained stable
for about 2 mo, following which, her condition deteriorated,
and she was admitted again to our institution due to progressive
abdominal distension, poor appetite and further body-weight
loss. The patient’s serum CA-199 level had elevated to
4 000 U/mL (normal <37). An abdominal CT scan was
performed; it revealed a progressively enlarging heterogenous
enhanced mass, located at the pancreatic body and tail
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section. This pancreatic mass had also invaded the lesser
sac of the stomach, there being direct invasion into the
stomach. The pancreatic mass had also resulted in celiactrunk encasement and the encirclement of the superior
mesenteric vessels, with ascites being massive. A condition
of pancreatitis superimposed onto malignant change and
metastatic peritoneal seeding into the transverse mesocolon
and sigmoid mesocolon was diagnosed. Pathological review
finally confirmed intraperitoneal carcinomatosis due to the
presence of an advanced pancreatic carcinoma, the patient
expired about 5 mo later.
Case 2
This 62-year-old male patient featured chronic alcoholism
over a period of more than 30 years. Chronic pancreatitis
and liver cirrhosis were diagnosed for this patient and he
was recommended regular OPD follow up. Slightly elevated
serum amylase levels were recorded for this patient, and
for approximately 3 mo, he suffered from intermittent
abdominal fullness; diffuse dull pain and a general sensation
of nausea. Sonographic evaluation revealed multiple
pancreatic cystic lesions, ascites, splenomegaly and portal
hypertension, with no evidence of tumor septation, loculation,
no cystic-wall calcification, and no evidence of the presence
of any soft-tissue masses. The initial diagnosis for this patient
was chronic pancreatitis with associated pseudocyst formation,
based upon the combined results of laboratory and sonographic
investigations. Three months later, this patient’s condition
had, by-and-large, persisted, and upon presentation at our
hospital for further evaluation, he was found to be suffering
from hemoptysis. This patient’s serum amylase, CA199 and
CEA levels were reported as, respectively, 150 IU/L (normal
<100), 3 841 U/mL (normal <37) and 9.79 ng/mL (normal
<4.6). A chest X ray revealed hazy bilateral shadows over
the lower lung fields. The patient underwent CT investigation,
which revealed multiple cystic pancreatic masses (Figure 2A)
confluent with contrast-enhanced soft-tissue components,
the largest two masses measuring greater than 7.7 and 3.7 cm
in diameter, these lesions arising from the pancreatic body
and tail. Fluid distribution within the intraperitoneal and
pelvic cavities was described, respectively, as extensive and
moderate. CT investigation also revealed multiple foci of
alveolar patches (Figure 2B) with a mean density of 10-15
HU. PET scanning was then performed, the results demonstrating multiple areas of FDG uptake including the
posterior and bilateral aspects of the lower lungs, the middleupper abdomen (pancreatic body featured irregular shapes)
and the middle-lower abdomen. CT guided fine needle
aspiration of the para-pancreatic cystic fluid [f] revealed
normal level of amylase, but enormous elevation of CA199 (32 000 001 U/mL) and CEA (43 000 ng/mL). CT
guide biopsy for the lung patch also revealed mucinous
adenocarcinoma metastasis. Combined with the results of
images and the histopathological investigations, the presence
of pancreatic mucinous adenocarcinoma complicated by
lung and peritoneal seedings was confirmed.

DISCUSSION
Chronic pancreatitis may eventuate as a consequence of
recurrent acute inflammation in the pancreas, such a condition
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Figure 2 Enhanced CT scan shows multiple, non-enhanced, pancreatic cystic
mass (straight and curved arrows) with soft tissue part (A). multiple, hypodense,
alveolar patches at bilateral basal lung parenchyma (straight and curved
arrows) (B).

often affecting neighboring structures and their functions.
Typical image manifestations of chronic pancreatitis include
pancreatic calcification on KUB, atrophic changes and/or
the presence of coexistent focal hypertrophy, pseudocyst
formation and a dilated pancreatic duct as detected by
sonographic or CT investigation. ERCP may be used to
demonstrate abnormalities of the main pancreatic duct as
also secondary branches. Other possible imagery findings for
chronic pancreatitis include fatty replacement, fibrotic changes
complicating duodenal stenosis with outflow obstruction and
long tapered stenoses of the distal common bile duct with
biliary obstruction, aneurysms or pseudoaneurysms of the
splanchnic arteries and splenic-vein thrombosis. The
predisposing factors for pancreatic adenocarcinoma include
chronic pancreatitis, diabetes mellitus, smoking and a potential
underlying genetic risk [1]. The pathophysiological and
molecular events underlying chronic pancreatitis have been
reported to predispose to the development of, or potentiate
the growth of, pancreatic adenocarcinomas[2]. Mutation of
the codon 12 K-ras gene, tumor angiogenesis and microvascular
proliferation are, reportedly, genetically-linked aberrations[2]
commonly associated with the development of pancreatic
adenocarcinoma.
Discrimination between a well-differentiated pancreatic
carcinoma[3] and chronic fibrotizing pancreatitis is a challenge
not only to the radiologist[4], but also to the pathologist[5,6].
As mentioned above, pancreatic adenocarcinoma and
chronic pancreatitis may coexist, and a malignant tumor
can develop as a complication of long-standing chronic
pancreatitis. On the other hand, pancreatic carcinoma is
frequently accompanied by chronic inflammation. The
majority of adenocarcinomas induce a striking desmoplastic

5077

stromal reaction within the pancreas, which may effectively
mimic the macroscopic view of vigorous fibroblast
proliferation. Microscopically, pancreatitis can be mistaken
for pancreatic carcinoma, because the actively growing
connective tissue associated with pancreatitis, tends to
irregularly separate the existing pancreatic ducts. This
continuous regenerative activity may lead to regressive atypia
that resembles malignancy[5]. A retrospective study of 5 837
previously histopathologically confir med pancreatic
carcinoma patients, reported little more than 0.5% falsepositive results[7]. In our opinion, for the first case described
above, only total pancreatomy with tissue sent for a precise
histopathological examination, instead of frozen-section
biopsy, could have increased the likelihood of arriving at a
correct diagnosis.
Pseudocyst formation is present for about 30% of
chronic pancreatitis cases, such lesions being a collection of
pancreatic “juice” enclosed by a wall of fibrous or granulation
tissue. Pseudocyst lesions of the pancreas tend to populate
the majority of pancreatic cystic lesions. For our second case,
however, the diagnostic challenge was to differentiate correctly
between a cystic neoplasm and pseudocysts for the patient
featuring underlying chronic pancreatitis. Patients who are
afflicted with pseudocysts often reveal a history of acute
or chronic pancreatitis, whilst most of those featuring cystic
tumors lack such antecedent factors. The typical findings
of a pseudocyst upon a CT scan, include the presence of a
well-defined, non-epithelial, fibrous wall around the cyst
lesion. Pseudocysts are typically round or ovoid in configuration
and, apart from the assessment of pseudocysts by CT,
pseudocysts can generally be identified by hypovascularity
upon angiography; and the detection of a communication
between the cyst and the pancreatic ductal system upon
ERCP. On the other hand, MRI has its advantages over
CT in the evaluation of pancreatic pseudocysts. T1W MRI
with gadolinium could be more sensitive to demonstrate
internal structure of cyst-like lesion, such as very thin septa,
which may not be detected by enhanced CT scan. MRCP
could help for ruling out of pseudocysts by determining
whether they communicate with the pancreatic duct. Cystic
neoplasm of the pancreas would appear to be rare, it
constituting less than 4% of all pancreatic neoplasms[8]. The
features of a cystic neoplasm, as compared to a pseudocyst,
include, for the former, the presence of septa, loculation,
solid components and/or cystic-wall calcification. It would
appear that sonography is not sufficiently reliable to
unequivocally distinguish between pseudocysts and other
cystic neoplasms of the pancreas. In our opinion, the early
scheduling of abdominal CT subsequent to sonography
having been completed for our second case, probably would
have hastened the correct diagnosis for this patient. Moreover,
analysis of cyst-contained fluid[9,10], can also aid in the
evaluation of cystic neoplasms, in that elevated fluid amylase
levels are characteristic of over 95% of pseudocysts, and a
normal serum amylase level can be used to exclude the
presence of a pseudocyst. Fluid CEA levels can become
elevated for a variety of cystic lesions including mucinous
cystic neoplasm[11], intra-ductal papillary mucinous tumors
and some pseudocysts, but such levels are always low or
normal for cases of serious cystadenoma. A summary of
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the laboratory-elicited features of cystic fluid for the
purposes of distinguishing between pancreatic cysts and the
most-common type of cystic tumors is presented in Table 1.

2

3
Table 1 Laboratory features of cystic fluid in different cystic tumors of pancreas
Pseudocyst
Amylase
High
(normal <100 IU/L)
CA 199 (normal Low
<37 U/mL)
CEA (normal
Low
<4.6 ng/mL)

Serous
Mucinous
Mucinous
cystadenoma cystadenoma cystadenocarcinoma

4

Low

Low

Low

Low

Intermediate

High

5

Low

High

High

6

7

In conclusion, if an accurate diagnosis of suspicious
pancreatic lesions for patients suffering from chronic
pancreatitis is not able to be reached based upon appropriate
imagery studies, we suggest fine-needle aspiration biopsy[9]
of cystic neoplasms for subsequent laboratory investigation,
or, alternatively, wide resection of the pancreatic mass for
a precise histopathological evaluation, rather than simple
observation[12].
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Abstract
Schwannomas are rare tumors derived from the cells of
Schwann that form the neural sheath. When located in
the gastrointestinal tract, they constitute together with
leiomyoma, leiomyoblastoma, and leiomyosarcoma, the
gastrointestinal stromal tumors (GIST). Peripheral nerve
sheath tumors represent 2-6% GIST with most common
location, the stomach and the small intestine. Schwannomas
of the colon and rectum are extremely rare and radical
excision with wide margins is mandatory, due to their
tendency to recur locally and become malignant, if left
untreated. In the present study, we report a rare case of a
sigmoid schwannoma, which was successfully treated in
our department and reviewed the literature.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastrointestinal stromal tumors (GIST) include a variety
of primary mesenchymal tumors of the gastrointestinal tract
such as leiomyoma, leiomyosarcoma, leiomyoblastoma, and
schwannoma[1]. They have recently been distinguished from
each other on the basis of the tumor cell differentiation
revealed by immunohistochemical studies[2,3]. Besides the
above-mentioned pathologies, the term GIST has been
recently applied to mesenchymal tumors that represent
neither typical leiomyoma nor schwannoma[2,4].
It is well established that schwannomas appear more
frequently in the stomach and the small intestine, while
location in the colon or in the rectum is uncommon[5,6] .

Most of them are benign and asymptomatic; nevertheless,
the possibility of malignant degeneration does exist and is
directly related to the tumor dimensions. Radical surgical
treatment is the gold standard in all cases, since the results
of both chemotherapy and radiotherapy remain uncertain[7].

CASE REPORT
A 55-year-old male patient was admitted to our department,
with a chief complaint of intermittent rectal bleeding and
diarrhea that had started 2 mo before admission. Physical
findings and digital examination were undiagnostic, but
laboratory tests disclosed red blood cell count: 3.2×105/mm3,
hemoglobin: 74 g/L, and hematocrit: 26.4%. Colonoscopy
revealed a wide-based mass protruding from the posterior
wall of sigmoid and multiple biopsies were taken from
different parts of the tumor. Abdominal x-rays were negative
for bowel obstruction, while CT scans proved no metastatic
disease. Additionally, the serum levels of tumor markers
including carcinoembryonic antigen and Ca 19-9 were within
normal ranges. The diagnosis of schwannoma Antoni B
type was set preoperatively based on the endoscopic biopsies
and intraoperatively, segmental resection of the tumor with
wide margins was performed (Figures 1A and B). Permanent
sections with H&E confirmed the preoperative diagnosis
(Figure 2). The patient recovered uneventfully and at 5 years
following surgery, he was free of disease without receiving
adjuvant therapy.
DISCUSSION
Schwannomas are mainly benign tumors derived from the
cells of Schwann that form the neural sheath, which may
become malignant, if left untreated[8-10]. They can be located
everywhere, but the most common type of benign schwannoma
is the acoustic neuroma (VIII cranial nerve)[11].
Malignant schwannomas usually come under the heading
of soft tissue sarcomas and the gastrointestinal tract is one
of the sites that such tumors can be found[12]. In these cases
they constitute together with leiomyoma, leiomyosarcoma,
leiomyoblastoma, and another type with mixed characteristics
between leiomyoma and schwannoma, the GIST[13]. All of these
primary mesenchymal tumors show a wide range of common
histological and immunohistochemical characteristics[2,14].
Peripheral nerve sheath tumors represent 2-6% of stromal
tumors of the gastrointestinal tract[3,4] but reports of solitary
schwannomas of the rectum and colon are even more rare[15].
They have almost the same incidence in men and women
and a median age of presentation, 65 years of age[4]. Their
size may vary; a case of a rectal schwannoma with a diameter
of 8 cm which was primarily misdiagnosed as a myogenic
sarcoma has been reported[2,5].
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Figure 1 Macroscopic view of the sigmoid colon showed a well-circumscribed
submucosal tumor (A). The cut surface of this tumor consisted of fibrotic and
myxoid parts and was gray-yellowish in color (B).
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schwannoma[2,3,12]. Schwannomas may also appear in patients
with Von Recklinghausen disease (NF I), although there is
no evident connection between colorectal schwannomas and
NF I[17].
Radical excision with margins free of disease is the
treatment of choice, since their response to both chemotherapy
and radiotherapy remain uncertain[4,18]. Nevertheless, despite
aggressive surgical management, these tumors appear with
a high rate of local recurrence and malignant degeneration.
In such case’s the treatment options are few and the prognosis
is poor[3,7,8].
The surgical approach depends on the tumor size and
histologic features that mainly determine the prognosis.
Preoperative imaging tests including abdominal x-rays,
transanal 3D-ECHO, MRI, and CT scans can be very useful
in the selection of patients for surgical treatment[19]. Besides
the commonly used surgical techniques, minimally invasive
modalities can be performed too. In the transanal endoscopic
microsurgery (TEM), the local excision is accomplished
through a rectal expander[20,21] with or without the use of an
ultrasonically activated scalpel[22]. Alternatively, in cases of
the benign schwannomas located on the distal parts of the
rectum, a transanal resection can be performed followed
by recto-anal anastomosis[21].
In conclusion, rectal schwannoma is a very rare tumor,
whose diagnostic approach and treatment present certain
gray areas. Nevertheless, it has become obvious that the
preoperative histological identification of the tumor followed
by a radical surgical resection is the cornerstone, which will
determine the overall outcome.
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Abstract
Choledochal cysts are congenital anomalies of the biliary
ducts, characterized by cystic dilatation of the ducts.
Prenatal diagnosis of this anomaly using ultrasonography
(US) has been well documented. Magnetic resonance
imaging (MRI) has recently become an important complement
to US in prenatal diagnosis of fetal anomalies. We herein
report a patient in whom at 24 wk’ gestation US suggested
a right upper quadrant abdominal cyst and in whom at
26 wk’ gestation MRI more clearly delineated the cyst
and its surrounding structures and suggested a
choledochal cyst, which was confirmed at postnatal
surgery and histopathology.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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(HASTE), a single slice can be obtained in less than 400 ms[5].
Many studies have shown the usefulness of these ultrafast
MR scans in evaluating the fetus[6-8]. Here, we report a case
of choledochal cyst prenatally diagnosed by using US and
MRI and confirmed by postnatal surgery and histopathology.

CASE REPORT
A 29-year-old woman, gravida 2, para 1, presented at our
hospital at 24th wk’ gestation for prenatal US surveillance.
Fetal US showed an ovoid cystic lesion measuring 2.1 cm×
1.1 cm×1.2 cm at the right upper quadrant abdomen. A
choledochal cyst or an enteric cyst was impressed.
Two weeks later, a fetal MRI (Philips 1.5 T Intera;
Erlangen, Germany) was performed to further evaluate
the cyst using HASTE sequence (TR 10 ms; TE 100 ms;
time of acquisition 12 s; flip angle 90 o ; field of view
280 mm×250 mm; matrix 256×256). MRI showed a
1.3 cm× 1.2 cm×2.7 cm, ellipsoid, homogeneous cystic lesion
extending from the liver hilum posteriorly and inferomedially
to the mid-abdomen (Figure 1). This lesion showed hypointensity
on T1-weighed and hyperintensity on T2-weighed images.
A more detailed anatomical relationship of the cyst to the gall
bladder and the biliary tracts was shown. Type 1 choledochal
cyst was tentatively diagnosed.
A female infant weighing 3 890 g was delivered at 39 wk
with APGAR scores of 8 and 10 at 1 and 5 min, respectively.
Postnatal US at 3 d of age showed further enlargement of
the cyst. At 13 d of age, the cyst was excised and a Roux-en-Y
hepatico-jejunostomy was performed. Histopathological
examination confirmed the diagnosis of a choledochal cyst.
The infant was discharged a week later with no jaundice
noted thereafter.

http://www.wjgnet.com/1007-9327/11/5082.asp
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INTRODUCTION
Choledochal cyst is characterized by a balloon-like dilatation
of the extrahepatic duct, occasionally associated with
dilatation of the intrahepatic ducts. Ultrasonography (US)
remains the primary imaging modality for the evaluation
of the fetus and can suggest the diagnosis of choledochal
cyst, when a tubular structure is identified at the right upper
quadrant abdomen[1-4]. Magnetic resonance imaging (MRI)
has evolved and has become an important complement to US,
for more accurate and precise delineation and characterization
of fetal anomalies. With recently developed ultrafast MR
sequences such as half-Fourier, single-shot, turbo spin-echo

L
G

Figure 1 MRI performed at 26 wk’ gestation using HASTE sequence. A:
Coronal T2-weighed image showed the choledochal cyst, its tapered ends
(arrows), its connection to the cystic duct (arrowhead), and its relationship to the
gall bladder (G) and the liver (L); B: Sagittal T2-weighed image showed the
posterio-inferior orientation of the choledochal cyst and its connection to the
common hepatic duct (arrow).
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DISCUSSION
Choledochal cysts are rare anomalies, characterized by
cystic or fusiform dilatation of the intrahepatic and/or
extrahepatic biliary tracts. These cysts have been classified
into five major types[9]. Cystic dilatation of the common
bile duct (type 1 choledochal cyst) comprises 80-90% of
the cysts. In affected newborns, about 70% had jaundice
but only 25% had a palpable abdominal mass[4]. Potential
complications in untreated patients include recurrent
cholangitis, pancreatitis, liver cirrhosis, portal hypertension,
and malignant transformation[10-12].
Ultrasonography is the primary imaging modality
for evaluating the fetus due to its real-time display and
non-invasiveness. In cases of choledochal cyst, tubular
structures can be identified entering or leaving a right upper
quadrant cyst[1,2,4]. However, the choledochal cyst could be
missed, if confused with the gall bladder and the umbilical
vein. Other common cystic lesions, including hydronephrosis,
duodenal duplication, intestinal atresia, mesenteric cyst, and
ovarian cyst, may appear similar to a choledochal cyst.
Recent development of ultrafast MR imaging techniques
has allowed MRI to become an important complement to
US in fetal imaging[5-8] . MRI offers superior soft tissue
contrast, larger field of view, and is relatively operator
independent. In our case, while the prenatal US showed a
subhepatic cyst, the MRI showed additional findings of
tapered ends of the cyst, its proximity to the liver hilum, its
inferomedial orientation, and characteristic fluid-intensity
of the cyst. Also, the relationship between the choledochal
cyst, the cystic duct and the dilated gall bladder was clearly
depicted. Concerning the differential diagnoses of a right
upper quadrant cyst, an umbilical vein may be excluded by
the lack of vascular flow void on MRI. Other common
cystic lesions, including hydronephrosis, intestinal atresia,
mesenteric cyst, and ovarian cyst have locations different
from that of a choledochal cyst. Duodenal duplication may
not be easily excluded, but it would be less likely to have
tapered ends as a choledochal cyst[13]. To our best knowledge,
we found two reports of prenatal MRI investigation of
choledochal cysts[14,15]. However, the finding of tapered ends
of the choledochal cyst, which may be specific to a biliary
tract anomaly, was not emphasized in their reports.
In conclusion, owing to its excellent anatomical and
contrast resolutions, MRI can clearly delineate a choledochal
cyst and may be helpful in differential diagnosis of right
upper quadrant cystic lesions. The additional information
provided by prenatal MRI, which is complementary to US,
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may be valuable for family counseling, and may help
clinicians manage pregnancy and plan post-natal treatment
earlier.
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Abstract
We herein describe the case of a 27-year-old female, who
presented with a large mass of the upper left abdominal
cavity discovered incidentally, through an annual health
examination. Preoperative studies including abdominal
ultrasonography and magnetic resonance imaging were
performed, but they could not accurately determine the
nature of the tumor. At laparotomy, a large cystic tumor
of the small bowel mesentery was found. Histopathologic
examination diagnosed the tumor as a cystic lymphangioma.
Although lymphangiomas are rare, especially in the abdomen
of adults, they may sometimes present as acute abdomen,
causing complications that require emergent surgery.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Lymphangiomas are rare benign tumors. They are preferentially
located in the head, neck, and axilla in children. However,
lymphangiomas in the peritoneal cavity are extremely rare,
particularly in adults. This report describes a case of an adult
with a large lymphangioma of the jejunal mesentery.
CASE REPORT
A 27-year-old female was referred to us on April 10, 2003
due to an intra-abdominal mass lesion found incidentally,
during her annual health examination. Recently, she had
begun to experience epigastralgia and abdominal fullness

especially after having meals. Her family and medical history
were unremarkable. She had no history of previous abdominal
surgery. On physical examination, a soft, non-tender mass
was palpated in the upper left abdomen. Auscultation of
the abdomen revealed normal bowel sounds. Laboratory
data including tumor markers were within normal limits. A
plain film of the abdomen showed several loops of small
intestine without dilatation or air-fluid level. Abdominal
ultrasonography revealed a large, multilocular, cystic mass
with an obscure margin. MRI of the abdomen showed a
large homogeneous mass measuring 16 cm×7 cm×5 cm in
size with multiple enhancement septa by contrast medium.
This lesion was located at the anterior aspect of the left
kidney and descending colon, causing compression and
stretching of the small bowel (Figure 1). A cystic neoplasm
of the mesentery was considered.
At laparotomy, a yellowish cystic tumor with soft consistency
was found in the mesentery of the jejunum, about 30 cm
distal to Treitz’s ligament. The tumor was not adhered to
the wall of the intestine or adjacent organs. No ascites was
seen in the peritoneal cavity, nor was there any dilatation or
inflammatory change of the intestines or mesentery. With
careful dissection of the mesenteric arteries, the tumor was
resected completely without resection of the intestine. The
specimen consisted of one piece of cystic tumor in the
mesentery measuring 15 cm×8 cm×6 cm. Macroscopically,
it was yellowish in color and soft in consistency (Figure 2).
Microscopically, the sections showed numerous dilated
lymphatic channels of varying sizes within loose fibroconnective
tissue and a few disorganized bundles of smooth muscle
present in the wall of the larger channels. Immunohistochemical
stains were positive for Factor VIII and actin. The same cells
did not react to cytokeratin. These findings were consistent
with a cystic lymphangioma (Figure 3). The patient had an
uneventful postoperative course, and no evidence of
recurrence, 18 mo after the operation.
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Figure 1 MRI of the abdomen showing a 16 cm×7 cm×5 cm homogenous
multilocular tumor with enhancement by contrast medium (A and B).
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Figure 2 Surgical findings (A-C). A large cystic tumor was located in the
mesentery of the jejunum, causing compression and stretching of the small

Figure 3 Histopathological results revealed that the mesenteric tumor contained
numerous dilated lymphatic lumen of varying sizes lined by attenuated endothelial
cells (H&E, ×100).

DISCUSSION
Lymphangiomas are uncommon and occur mainly in
children; approximately 80-90% are diagnosed within the
first few years of life and adult cases are rare[1]. They are
commonly found in the head, neck, and axillary region.
However, isolated occurrence in the mesentery of the small
intestine is encountered even less frequently, comprising
less than 1% of all lymphangiomas[2]. The most common
location of such intraperitoneal lymphatic tumor appears
to be the mesentery of the small bowel, accounting for
70% of all such tumors[3,4].
The etiology of lymphangiomas is probably a congenital
abnormality of the lymphatic system, causing sequestrations
of lymphatic tissue during embryologic development[2]. This
theory would explain why lymphangiomas occur primarily
in children. However, it is suggested that abdominal trauma,
lymphatic obstruction, inflammatory process, surgery, or
radiation therapy may lead to the secondary formation of
such a tumor[4,5]. Traditionally, lymphangiomas are classified
as simple, cavernous, or cystic. The simple type is usually
situated superficially in the skin and composed of small
thin-walled lymphatic vessels. The cavernous type is composed
of dilated lymphatic vessels and lymphoid stroma, and has
a connection with spaces of various normal adjacent
lymphatics. Lastly, the cystic type consists of lymphatic
spaces of various sizes that contains fascicles of smooth
muscle and collagen bundles, but has no connection with

bowel. The tumor was not adhered to the small intestine.

adjacent normal lymphatics. However, cystic lymphangioma
is not always clearly differentiated from cavernous type
because the cystic type may also contain cavernous areas[6]
Mesenteric lymphangiomas are usually asymptomatic until
they enlarge. Abdominal pain and distention seem to be the
most common symptoms, but the clinical presentation of
mesenteric lymphangiomas varies[7]. Although benign in
nature, mesenteric lymphangiomas may cause significant
morbidity or mortality due to their large size and critical
location, when they compress the adjacent structures. In
addition, complications such as secondary infection, rupture
with hemorrhage, volvulus, or intestinal obstruction have all
been reported[8-11]. The ultrasonographic presentation of a
mesenteric lymphangioma is described as a cystic lesion with
multiple thin septa. On CT imaging, mesenteric lymphangiomas
appear as a uni- or multilocular mass with enhancement of
the wall and septum by contrast medium[12]. These studies
help to determine, if the tumor is cystic as well as its size and
location, but they are insufficient to establish an accurate
diagnosis preoperatively. One report suggested that fine
needle aspiration of a milky fluid containing lymphoid cells
could confirm a preoperative diagnosis of lymphangioma[13].
Mesenteric lymphangiomas may behave in an aggressively
invasive manner and grow to an enormous size. The optimal
treatment is radical excision, even when asymptomatic.
However, mesenteric lymphangiomas may cause complications
such as infiltration of the intestine, or involvement of the
main branch of mesenteric arteries or adjacent organs that
necessitate segmental resection of the intestine. Sometimes
radical resection might be technically impossible [14].
Mesenteric lymphangiomas are very rare, but they can cause
acute abdomen that requires an emergent surgery. Therefore,
they should be included in the differential diagnosis of acute
abdomen.
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Abstract
Angiolipoma, a common benign tumor mostly seen in the
subcutaneous tissue, is a rare pathological condition in
the gastrointestinal tract that is usually diagnosed
postoperatively. In this case report, an angiolipoma was
diagnosed preoperatively by imaging (including CT scans,
abdominal echo, barium enema, and colonoscopy). This
pathology was confirmed postoperatively. Computed
tomography scan, abdominal echo, and barium enema
images were presented.

and hyperactive bowel sounds. Full blood count showed
Hb of 10.7 and Hct of 31.5, but otherwise normal results.
Colonoscopy found a submucosal tumor with ulceration
of 5 cm located in the transverse colon obstructing the
lumen almost completely. Contrast barium enema also
revealed a 5-cm submucosal tumor located at the transverse
colon with nearly complete obstruction of the lumen
(Figure 1). Abdominal echo showed a centrally hyperechoic
dense tumor surrounded by hypoechoic density (Figure 2).
Pre-contrast enhancement CT scan showed a mixed low
density and isodensity tumor (Figure 3). Post-contrast
enhancement scans showed a high-density tumor with a fat
component (Figure 4).
Based on the combined findings, it was diagnosed as an
angiolipoma and surgical segmental resection was carried
out. The resected tumor was encapsulated by a thin layer
of connective tissue arising from the submucosa. Histology
showed that the tumor was comprised of mature adipose
tissue and proliferative blood vessels (Figure 5). After 2 years
of follow-up, the patient did not have any abnormalities.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Angiolipoma is a benign tumor, commonly occurring in the
subcutaneous tissue and other locations, but is rarely found
in the gastrointestinal tract. Histologically, it is comprised
of adipose tissue and proliferative blood vessels. There have
been three cases of colonic angiolipoma reported in the
literature, which were all diagnosed postoperatively. This
report presents the first preoperative diagnosis of colonic
angiolipoma using a combination of colonoscopy, barium
enema, abdominal echo, and CT scans. The diagnosis was
confirmed postoperatively.
CASE REPORT
A 70-year-old male presented to Changhua Christian Hospital
with a history of passing bloody stool once a day for 3 d.
Additionally, the patient experienced abdominal distension
and cramping pain for the past 7 d. Physical examination
revealed mild anemia, abdominal obesity, no palpable mass,

Figure 1 Submucosal tumor with nearly complete obstruction shown in barium
enema.

Figure 2 Centrally hyperechoic dense tumor surrounded by hypoechoic
density shown by abdominal echo.
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Figure 3 Mixed low and isodensity tumor shown by pre-contrast CT scan.

Figure 4 High-density tumor with a fat component shown by post-contrast CT.

Figure 5 Photomicrograph of resection specimen.

DISCUSSION
Angiolipoma was first described in 1912 by Bowen. In 1960,
Howard and Helwig described its clinical pathological
characteristics, which are different from those of lipoma[1].
Since then, angiolipoma has been regarded as a new entity.
Angiolipoma is an encapsulated, subcutaneous tumor
commonly occurring in young adults. It usually occurs in
multiple locations on both the ar ms and trunk [2,3] .
Angiolipoma is usually painful. Histologically it is comprised
of mature adipose tissue and proliferative vascular tissues.
It can be classified as predominantly lipomatous- or
angiomatous-type, based on the ratio of adipose tissue and
vascular tissue composition.
A search of the current literature revealed only seven
cases of angiolipoma in the gastrointestinal tract. Of these,
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three cases had angiolipoma in the stomach [4-6]. One
angiolipoma was in the small intestine[7] and three were
reported to be in the colon[8-10]. Two of the colonic angiolipomas
were located at the ileocecal valve. One case had intussusception
originally thought to be due to malignant tumor. Thus, the
author emphasizes using histological pathology to diagnose
this condition[8]. In another case, the patient had right lower
quadrant abdomen. Laparoscopy-assisted ileocecostomy is
selected to remove the tumor[9]. In the third case, the patient
was asymptomatic, but had positive occult blood on routine
medical examination. Double-contrast barium enema
showed angiolipoma in the sigmoid colon, which was resected
by colonoscopic polypectomy. The patient in this case
report had lower gastrointestinal tract bleeding. Preoperative
imaging allowed the diagnosis of angiolipoma, which was
removed by segmentectomy.
None of the seven patients with gastrointestinal tract
angiolipoma had preoperative abdominal echogram.
Because the composition of angiolipoma can range from
predominantly lipomatous to angiomatous type, echogram
can vary from hyperechoic to hypoechoic density. In 1998,
Mintz and Mengoni[11] used sonography to diagnose breast
angiolipoma, which showed homogenously hyperechoic
density under echogram. In this case report, the tumor was
between the two types of angiolipoma, showing hyperechoic
density centrally and hypoechoic density peripherally.
Computed tomography scan pattern depends on the
composition of fat in the tumor. It can vary from a
lipomatous type of tumor comprised totally of fat without
post-contrast enhancement, which was thought to be lipoma
preoperatively[12] , to a low-fat containing tumor, showing
numerous small round density enhancements [13,14]. In this
case, diffuse high-density enhancement post-contrast was
observed around the adipose tissue, which is consistent with
the histological pattern.
In our case, contrast barium enema confirmed the
submucosal tumor. Sonography showed hyperechoic density
surrounded by hypoechoic density, and CT showed postcontrast fat containing mass, surrounded by high-density
enhancement. The combination of these results allowed
the tumor to be differentiated from lipoma, thus it could
be diagnosed as an angiolipoma preoperatively.
Although management of colonic lipoma or angiolipoma
is still controversial, endoscopic resection should not be used
on sessile or broad-based lesions because of increased risk
of bleeding or perforation. Urgent treatment should be given
to those with intussusception, obstruction, or bleeding, as in
this case. The tumor should then be removed, while the
patient is still in the hospital. However, both lipoma and
angiolipoma are benign tumors, thus colonic resection should
be kept to a minimum when the tumor is removed[9,10]. In
this case, a small segmental resection was performed.
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