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Abstract
AIM: In nonresectable cholangiocellular carcinoma (CCC)
therapeutic options are limited. Recently, systemic
chemotherapy has shown response rates of up to 30%.
Additional regional therapy of the arterially hyper
vascularized hepatic tumors might represent a rational
approach in an attempt to further improve response and
palliation. Hence, a protocol combining transarterial
chemoembolization and systemic chemotherapy was
applied in patients with CCC limited to the liver.
METHODS: Eight patients (6 women, 2 men, mean age
62 years) with nonresectable CCC received systemic
chemotherapy (gemcitabine 1 000 mg/m2) and additional
transarterial chemoembolization procedures (50 mg/m²
cisplatin, 50 mg/m² doxorubicin, up to 600 mg degradable
starch microspheres). Clinical follow-up of patients, tumor
markers, CT and ultrasound were performed to evaluate
maximum response and toxicity.
RESULTS: Both systemic and regional therapies were
tolerated well; no severe toxicity (WHO III/IV) was
encountered. Nausea and fever were the most commonly
observed side effects. A progressive rarefication of the
intrahepatic arteries limited the maximum number of
chemoembolization procedures in 4 patients. A median
of 2 chemoembolization cycles (range, 1-3) and a median
of 6.5 gemcitabine cycles (range, 4-11) were administered.
Complete responses were not achieved. As maximum
response, partial responses were achieved in 3 cases,
stable diseases in 5 cases. Two patients died from progressive

disease after 9 and 10 mo. Six patients are still alive. The
current median survival is 12 mo (range, 9-18); the median
time to tumor progression is 7 mo (range, 3-18). Seven
patients suffered from tumor-related symptoms prior to
therapy, 3 of these experienced a treatment-related clinical
relief. In one patient the tumor became resectable under
therapy and was successfully removed after 10 mo.
CONCLUSION: The present results indicate that a
combination of systemic gemcitabine therapy and repeated
regional chemoembolizations is well tolerated and may
enhance the effect of palliation in a selected group of
patients with intrahepatic nonresectable CCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Intrahepatic cholangiocellular carcinoma (CCC) is a rare
entity associated with chronic inflammatory bile duct
disorders. Diagnosis often occurs in patients having large
tumors at nonresectable stages[1,2] . In the past, systemic
chemotherapy has shown limited success in terms of
objective responses or prolonged survival especially in single
agent therapy using 5-FU. Response rates of about 25%
were the most to be expected[3]. Gemcitabine (2, 2-dideoxyfluorocytidine) has gained importance in the palliative
treatment of solid tumors. The substance demonstrated
activity against breast, bladder, ovarian, pancreatic and nonsmall cell lung cancer while having a low toxicity profile[4,5].
A large phase III trial on pancreatic cancer revealed a higher
activity of gemcitabine compared to 5-FU in terms of patient
survival and improvement of symptoms[6]. In a recent phase
II study on nonresectable CCC of our institution systemic
gemcitabine monotherapy achieved objective response rates
of 30%[3]. Furthermore, a majority of the patients experienced
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a chemotherapy-related relief of symptoms.
Regional intraarterial therapies of the liver have shown
efficacy and safety in hypervascularized hepatic tumors or
metastases[7] . The rationale for this approach is further
increased antitumoral activity in the liver by inducing a
temporary local ischemia and increasing local chemotherapy
concentrations while reducing the systemic side effects [8].
Hence, in an attempt to improve palliation a combination
therapy of systemic gemcitabine with repeated intraarterial
chemoembolization appears promising in those patients with
CCC limited to the liver in order to further enhance response
rates and symptom relief while maintaining low toxicity.
Based on this hypothesis a selected group of patients with
nonresectable intrahepatic CCC was included in a study to
investigate this combination regime.

MATERIALS AND METHODS
From June 2002 to February 2004 eight patients (6 women,
2 men, mean age 62 years) with histologically proven
nonresectable CCC were included to the study (Table 1).
Inclusion criteria were (1) measurable, unresectable intrahepatic
tumors; (2) >18 years of age, a life expectancy of >3 mo;
(3) no prior chemotherapy; (4) technically feasible catheterization
of the hepatic artery; (5) adequate functional, hematological
and biochemical parameters (i.e., cardiac ejection fraction
>50%, leukocytes >3 000/L, thrombocytes >90 000/L,
creatinine-clearance >60 mL/min, bilirubin <3 mg/dL,
cholinesterase >2 mU/mL (21 ℃), bilirubin <3 mg/mL,
prothrombin time >50%); and (6) informed consent. Patient
characteristics are shown in Table 1.
Systemic gemcitabine therapy
Systemic gemcitabine was administered on an out-patient
basis. 1 000 mg/m2 were given once a week intravenously
over 30 min for 3 consecutive weeks followed by a pause
of one week. One therapy cycle was defined as one 4-wk
period. During the first cycle gemcitabine was also given
during the fourth week. Prophylaxis against nausea consisted
of metoclopramide orally.
Intraarterial chemoembolization
Intraarterial chemoembolization was performed on an inpatient basis after 2 systemic gemcitabine cycles had been
given and was tolerated in terms of toxicity and clinical
response. Chemoembolizations were repeated in case of
stable disease or remission after an interval of at least 8 wk.
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Antiemetics (5 mg tropisetron) and steroids (24 mg
dexamethasone) were injected intravenously prior to each
procedure. Also, intravenous antibiotic prophylaxis (3×200 mg
ciprofloxacin/d, 3×500 mg metronidazole/d) against biliary
infections was administered before and for 7 d after the
procedure.
During arterial angiography using the femoral approach,
an aortography and a selective mesenteric portography were
performed to show vascular anatomy and the patency of
the portal vein. Then, a selective hepatography was done
using a standard diagnostic catheter or, if necessary, a coaxial
catheter system. Intra-arterial analgesia (50-100 mg pethidine)
was applied to control possible local pain. According to tumor
vascularization a mixture of doxorubicin (50 mg/m2) and
cisplatin (50 mg/m2) and 300-600 mg degradable starch
microspheres (DSM, Spherex™, Pharmacia, Erlangen,
Germany) was administered via hand injection under
fluoroscopic control to check for stasis or reflux. In case
of stasis, the injection was stopped until the arterial flow
resumed. Finally, a control hepatography was performed.
After the chemoembolization procedure the patient remained
on the ward for at least five days. Systemic gemcitabine
treatment was continued under laboratory controls for
therapy-related toxicity after an interval of 3 to 4 wk.
Evaluation of response and toxicity
Pretreatment evaluation included physical examinations,
evaluation of tumor markers, hematological and biochemical
parameters. For tumor staging transabdominal ultrasound
and a CT scan of thorax and abdomen were performed.
The imaging modality and technique showing the best
visibility at the start of treatment were used for baseline
and follow-up tumor measurements (Figure 1). The sizes
of measurable lesions were determined as the products of
the two greatest perpendicular diameters. The following
definitions were used: complete response (CR) for the
disappearance of all clinical evidence of tumor for a
minimum of 4 wk, partial response (PR) for a decrease of
more than 50% in the measurable disease for a minimum
of 4 wk, progressive disease (PD) for an increase in tumor
size of more than 25%, the appearance of new lesions, or
a deterioration of clinical status consistent with disease
progression. Patients who did not meet criteria of CR, PR
or PD were defined as having a stable disease (SD). Time
to tumor progression was defined as the time between
administration of the first chemotherapy and the time PD
was diagnosed.

C

D

Figure 1 A: Axial CT shows a large hyper vascularized CCC in the left liver lobe of patient 4 before therapy; B: In patient 3 axial CT shows hyper
vascularized CCC nodules in the lateral right liver; C: After 7 mo of therapy there is marked shrinkage and hypodense transformation of the
tumor in PR in patient 4; D: In patient 3 the same changes are apparent in the right liver in PR after 7 mo of therapy.
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Table 1 Patient characteristics, maximum toxicity, maximum response, adverse events, and arterial hypovascularisation under therapy
Patient Age (yr) Gender Maximum
number
number of
gemcitabine
cycles
1
2
3
4
5
6
7
8
1

60
71
67
47
63
76
53
56

M
F
F
F
F
F
F
M

5
4
11
7
9
6
9
4

Maximum
number of
chemoocclusion
cycles

Maximum
response

2
1
3
3 (+1 1)
2 (+1 1)
2 (+1 1)
2
1

SD
SD
PR
PR
PR
SD
SD
SD

Neutropenia
acc. to
WHO

Thrombo- Anemia
penia
acc. to
acc. to
WHO
WHO

2
2
1
1
0
0
0
0

2
2
1
0
0
0
1
0

Cholestasis
acc. to
WHO

2
1
1
1
1
0
1
2

2
2
2
1
2
0
2
2

Nausea Flush
Tumoracc. to symptoms related
WHO acc. to
disease
WHO
2
2
0
2
1
1
2
1

1
1
1
2
1
1
2
2

Clinical
therapy
related
benefit

yes
yes
yes
yes
yes
yes
yes

Progressive
arterial
hypovascularization

yes
yes
yes
-

yes
yes
yes
yes
-

Single chemoperfusion without DSM because of early vascular stasis due to progressive arterial hypovascularization.

Table 2 Present status, chemotherapy-related response and changes of tumor markers
Patient
number

Observervation
period (mo)

Maximum
response

1
2
3
4

10
14
18
12

SD
SD
PR
PR

5
6

10
16

PR
SD

7

12

SD

8

9

SD

1

Highest tumor
markers before
therapy
None
Ca15-3:48
Ca19-9:1 442
Ca19-9:89
AFP:35
Ca19-9:786
Ca15-3:54
Ca19-9:88
Ca19-9:845 200
CEA:285
Ca15-3:435
Ca19-9:117

Lowest tumor marker
under therapy (%)
47 (-21)
34 (-98 1)
19 (-77 1)
6 (-831)
139 (-821)
43 (-20 1)
115 (+31 1)
435 (-991)
2 (-991)
204 (-531)
84 (-28 1)

Time to tumor
progression (mo)
7
5
18
NA (still PR)
NA resected after 10
7

Survival
(mo)
Dead (10)
Alive
Alive
Alive
Alive
Alive

7
Alive
3
Dead (9)

Change of tumor marker in percent compared to highest value before therapy NA: not assessable.

Therapy-related toxicity was assessed once weekly during
treatment by investigations of serum liver enzymes, bilirubin,
creatinine, and complete blood counts. Clinical relief was
defined as a chemotherapy-related relief of tumor symptoms
or weight gain (including third-space fluid) of >7% from
baseline for at least 4 wk without deterioration in any other
parameters.
Evaluation of quality of life (QOL)
QOL was assessed prior to each chemoembolization
procedure using the SF-36 Health Survey[9]. As components
of QOL, the SF-36 questionnaire comprises the distinct
aspects physical functioning, physical role, emotional role,
social functioning, mental health index, general health, vitality,
and bodily pain. A score for each category was calculated
(0-100). Based on these scores a bodily sum score was
determined. The sum scores before and during chemotherapy
were compared.

RESULTS
A median of 2 chemoembolization cycles (range, 1-3) and
a median of 6.5 gemcitabine cycles (range, 4-11) were applied
(Table 1).
Response
In terms of maximum response, there were five patients

with SD and 3 patients with PR; CR was not achieved
(Table 1, 2). The median time to tumor progression was 7 mo
(range, 3-18). Six patients are still alive, 2 patients died from
tumor progression after 9 and 10 mo. The current median
survival is 12 mo (range, 9-18).
Seven patients suffered from tumor-related symptoms,
3 of these experienced a treatment-related clinical relief
(Table 1). The tumor of patient 5 became resectable during
PR and was successfully removed by hemi-hepatectomy
10 mo after onset of therapy.
Six patients had elevated tumor marker Ca19-9 serum
levels. Four patients showed a chemotherapy-related decrease
of more than 75% compared to the baseline value further
indicating response to therapy (Table 2).
Toxicity
Both systemic and regional therapies were tolerated well,
no severe toxicity (WHO III/IV) was encountered (Table 1).
Nausea and fever were the most commonly observed side
effects. In patients 3, 4, 5, and 6 repeated chemoembolization
led to a progressive rarefication of the intrahepatic arteries
limiting the maximum applicable number of interventions
(Table 1, Figure 2). In patient 3, the left hepatic artery
remained permanently occluded after the second procedure.
Further chemoembolization cycles were attempted in
patients 4, 5, and 6. However, due to the progressive arterial
hypovascularization the application of DSM had become

1094

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

A

February 28, 2005

Volume 11

Number 8

B

Figure 2 A: The arteriogram of patient 4 shows a beginning rarefication of the intrahepatic arteries after one chemoembolization; B: After
three chemoembolizations the arteriogram of the same patient shows a progressive arterial rarefication with irregular stenoses and
occlusions of peripheral branches.

impossible. The chemotherapeutics were finally administrated
once in the course of a regional chemoperfusion before
further regional therapy was considered impossible in these
patients (Table 1).
Quality of life (QOL)
Patients 1, 2, 4, 5, and 6 were evaluable in terms of QOL
follow-up using the SF-36; the remaining three patients did
not provide follow-up data. The bodily sum scale remained
stable under therapy in 4 patients (46/45, 39/31, 49/47,
and 48/50). Patient 4 showed a gradual decrease from 53
to 38.

DISCUSSION
The overall prognosis of patients with nonresectable CCC
remains dismal[10]. At present, only palliative therapeutical
options are available. In addition to the improvement of
the prognosis, chemotherapy has to be tolerable and should
maintain the quality of life. The combination of 5-FU and
leucovorin improved survival and QOL compared to best
supportive care; however, the effect was limited[11]. In the
search for improved systemic chemotherapy gemcitabine
demonstrated tolerability and good QOL for patients with
solid tumors[12]. In advanced pancreatic tumors, a phase III
study revealed a better survival and symptom control
compared to 5-FU[6]. Due to a common developmental origin
of the pancreas and the biliary tract, CCC and pancreatic
cancer share similarities in terms of tumor markers and
resistance to chemotherapy. Hence, gemcitabine was
administered in a phase II study to patients with unresectable
CCC showing an objective response rate of 30%, a median
time to progression of 27 wk and a median survival time
of 9.3 mo[3] .
Regional intraarterial therapies of the liver have shown
efficacy in hyper vascularized hepatic malignancies[7,13,14].
While normal liver parenchyma receives more than twothirds of its blood supply from the portal vein, hepatic
tumors derive their blood supply almost completely from
the hepatic artery[15]. The rationale for a regional intraarterial
approach is a further increased anti tumoral activity induced
by a temporary local ischemia and increasing local chemotherapy
concentrations while reducing the systemic side effects[8].
Only limited data is available in terms of regional treatment
of nonresectable CCC[16,17]. Cisplatin and doxorubicin have

been applied successfully in the regional chemotherapy of
hepatocellular carcinoma (HCC). The combination with lipiodol
yielded anti-tumoral efficacy at a low systemic toxicity[18]. These
observations led to the assumption that additional intraarterial
chemoembolization of hypervascularized CCC might
further enhance intrahepatic tumor response while maintaining
the efficacy of systemic gemcitabine therapy.
In the course of the present study 8 patients with intrahepatic
CCC received a combination of systemic chemotherapy
and regional intraarterial chemoembolization. Maximum
response was PR in 3 patients and SD in 5 patients. Six
patients are still alive after a mean observation period of
14 mo. Three of the 7 patients who suffered from tumorrelated disease symptoms experienced a clinical relief under
therapy. Furthermore, from the 6 patients with elevated
Ca19-9 levels, 4 patients showed a therapy-related decrease
of more than 75%; among those the 3 patients with PR.
QOL remained stable under therapy in those patients
evaluable. These data are well in line and even exceed those
from the gemcitabine monotherapy study from Kubicka et al
showing objective responses in 30%, a therapy-related
decrease in CA19-9 levels in 11 of 14 patients and a
chemotherapy-related clinical relief in 7 of 11 patients with
tumor symptoms[3].
One patient of our study showed a partial tumor remission
under the combined therapy. The initially unresectable tumor
became resectable after 10 mo. Whether a neoadjuvant
intention might improve the prognosis in terms of secondary
resectability will have to be determined by future observations.
However, secondary resectability does not necessarily
represent cure. Valverde and coworkers observed a 3-yearsurvival rate of only 22% after extensive surgical resection
of intrahepatic CCC mainly related to the presence of
intrahepatic satellite nodules and/or regional lymph node
metastasis[2].
In spite of careful technique and the regular application
of dexamethasone before the chemoembolization procedure,
the number of cycles became limited to a maximum of
three due to a progressive rarefication of the intrahepatic
arteries. Incidents of regional therapy-related arteritis have
been reported[19-21] . While a mechanical trauma may be
responsible in some instances, toxic chemotherapy-related
arteritis or ischemic reactions appear to be the more probable
explanation in our situation for there is a progressive
character of the changes. Interestingly, these phenomena
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occurred in 4 of our 8 patients with CCC in non-cirrhotic
livers. In contrast, we rarely encountered it after regional
therapies of our patients with HCC in cirrhotic livers.
Demachi and colleagues suggested that hypertrophy of
peribiliary capillary plexus in cirrhosis could act as a
portoarterial shunt thereby acting protective during decreased
arterial flow[22]. In CCC there is a constant risk of focal
cholestasis. The biliary structures are mainly dependent on
the arterial perfusion. Hence, arterial hypoperfusion during
chemoembolization is associated with an increased risk of
biliary complications and infections[23]. These vascular and
biliary side effects of regional chemoembolization are also
reported by other investigators to be more pronounced in
the non-cirrhotic liver with a good organ function than in
the cirrhotic liver[24]. In our set of patients we did not encounter
a clinically obvious complication such as cholangitis or biloma;
however, the administration of antibiotics during the
chemoembolization therapy and carefu l catheter
management seems mandatory to avoid these instances.
Our results suggest that in patients with nonresectable
hepatic CCC being in a good physical condition regional
chemoembolization in addition to systemic gemcitabine is
well tolerated and may further enhance the palliative effect
of systemic gemcitabine therapy. It is, however, too early
to demonstrate a clear advantage towards systemic therapy
alone. One should be aware of the potentially progressive
arterial hypo vascularization after repeated chemoembolization
cycles possibly limiting the maximum number of procedures.
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overexpressing hepatoma cells is attributed to gelatinases:
Relevance to intracellular signaling pathways
Elke Roeb, Anja-Katrin Bosserhoff, Sabine Hamacher, Bettina Jansen, Judith Dahmen, Sandra Wagner, Siegfried Matern
Elke Roeb, Sabine Hamacher, Bettina Jansen, Judith
Dahmen, Sandra Wagner, Siegfried Matern, Department of
Internal Medicine III, University Hospital RWTH Aachen, Germany
Anja-Katrin Bosserhoff, Institute of Pathology, University of
Regensburg, Germany
Supported by grants from the Federal Ministry of Education and
Research of Germany, Deutsche Forschungsgemeinschaft (DFG),
and Aachen University
Correspondence to: Professor Elke Roeb, Department of Internal
Medicine III, University Hospital RWTH Aachen, Pauwelsstr. 30,
52057 Aachen, Germany. eroeb@ukaachen.de
Telephone: +49-241-8089200 Fax: +49-241-8082455
Received: 2004-06-24 Accepted: 2004-08-22

Abstract
AIM: To study the effect of gelatinases (especially MMP-9)
on migration of tissue inhibitor of metalloproteinase
(TIMP-1) overexpressing hepatoma cells.
METHODS: Wild type HepG2 cells, cells stably transfected
with TIMP-1 and TIMP-1 antagonist (MMP-9-H401A, a
catalytically inactive matrix metalloproteinase (MMP) which
still binds and neutralizes TIMP-1) were incubated in
Boyden chambers either with or without Galardin (a
synthetic inhibitor of MMP-1, -2, -3, -8, -9) or a specific
inhibitor of gelatinases.
RESULTS: Compared to wild type HepG2 cells, the cells
overexpressing TIMP-1 showed 115% migration (P<0.05)
and the cells overexpressing MMP-9-H401A showed 62%
migration (P<0.01). Galardin reduced cell migration dose
dependently in all cases. The gelatinase inhibitor reduced
migration in TIMP-1 overexpressing cells predominantly.
Furthermore, we examined intracellular signal transduction
pathways of TIMP-1-dependent HepG2 cells. TIMP-1
deactivates cell signaling pathways of MMP-2 and MMP-9
involving p38 mitogen-activated protein kinase. Specific
blockade of the ERK pathway suppresses gelatinase
expression either in the presence or absence of TIMP-1.
CONCLUSION: Overexpressing functional TIMP-1enhanced migration of HepG2-TIMP-1 cells depends on
enhanced MMP-activity, especially MMP-9.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Proteins of the matrix metalloproteinases (MMPs), a family
of structurally related zinc-dependent enzymes, are involved
in the breakdown of extracellular matrix (ECM) in normal
physiological processes, such as embryonic development,
reproduction, and tissue remodeling as well as in disease
processes, such as arthritis, tumor cell invasion, migration,
and metastasis[1-3] . Most MMPs are secreted as inactive
proteins, which are activated when cleaved by extracellular
proteinases. MMPs may be expressed on the surface of
cells, thus allowing a precise and localized proteolysis[4]. The
gelatinases MMP-2 and MMP-9 are necessary for the
migration of Langerhans cells and dermal dendritic cells
from human and murine skin[5]. MMP-2 (gene ID 4313 on
chromosome 16q13-q21) e.g., is involved in cell migration
of human lung carcinoma cells[6]. MMP-9 (gene ID 4318,
chromosome 20, q11.2-q13.1) is a major secretion product
of macrophages and a component of cytoplasmic granules
of neutrophils[7]. The enzyme is also secreted by lymphocytes
and stromal cells upon stimulation by inflammatory
cytokines, or upon delivery of bidirectional activation signals
following integrin-mediated cell-cell or cell-matrix contacts[8].
MMP-9 plays an important role in tumor invasion and
angiogenesis. Secretion has been reported in various cancer
types including lung, colon, and breast cancer. The activity
of MMPs is tightly controlled by endogenous specific
inhibitors, the tissue inhibitors of metalloproteinases
(TIMPs). The balance between activated MMPs and their
free inhibitors determines the net MMP activity and seems
to be of great importance for matrix protein turnover
associated with tumor cell invasion and metastasis. A striking
phenotypic characteristic of fibrotic liver is a dramatic upregulation of TIMP-1 (GenBank number NM 003254.1,
chromosome X, Xp11.3-p11.23), which seems to be a
functional promotor of hepatic fibrosis[9,10] . But there is
also evidence that TIMPs are associated with suppression
of programed cell death, tissue remodeling during tumor
progression and mitogenic activity[11,12]. TIMP-1 has been
shown to suppress apoptosis in a series of Burkitt’s lymphoma
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cell lines[13] and to act as a survival factor blocking apoptosis
in B cells[14,15]. TIMP-1 must, therefore, be regarded as a
multifunctional protein[16,17]. Recently, evidence has been
provided that TIMP-1 induces specific signaling pathways[18].
TIMP-1 is able to activate Ras involving the Tyk/mitogenactivated protein kinase (MAPK) pathway[19] . A specific
blockade of the ERK pathway suppresses the expression
of MMP-9 and inhibits markedly the invasiveness of tumor
cells[20] . The PKC-dependent NFK kappa B activation is
absolute for MMP-9 induction and PKC-dependent ERC
activation devotes to increase the expression level of MMP-9
in hepatocellular carcinoma cells[21,22]. St-Pierre et al[8] have
given an overview of recent developments in the field of
MMP-9 gene expression in different cell types, from the
triggering of cell-surface receptors to the activation of
cytoplasmic mediators and transcription factors responsible
for the activation of MMP-9 promotor. Fibronectin upregulates MMP-9 and induces coordinated expression of
MMP-2 and its activator, the membrane-type MT1-MMP
(MMP-14) by human T-lymphocyte cell lines, a process
repressed through Ras/MAP kinase signaling pathways[23].
Accordingly, transfection of T-cell lines with dominant
negative mutant of Ha-Ras strongly increases fibronectininduced expression of MMP-2 and MMP-9 [23]. In human
glioma cells, angiopoietin-2 induces tumor cell infiltration
by activation of MMP-2. MMP-2 is associated with tumor
size, invasiveness, and survival in breast cancer[24]. SB203580,
a p38 MAP kinase inhibitor, reduces MMP-2 expression in
melanoma cells[25]. Non-steroidal anti-inflammatory drugs
inhibit MMP-2 via suppression of ERK/Sp1-mediated
transcription[26].
Recently, we demonstrated an increased expression of
MMP-2 and MMP-9 protein as a result of increased TIMP-1
expression in human hepatoma cells[27]. Beyond that TIMP-1
overexpressing HepG2 cells could grow in nests and keep
in contact with each other[27, 28]. This striking phenotype could
be abrogated by a TIMP-1 antagonist, the mutant MMP-9H401A[28]. Three histidine residues constitute the active site
of MMP-9 by binding to the catalytic zinc. A MMP-9
mutant has been generated in which the histidine residue at
position 401 is replaced by alanine. The mutant is enzymatically
inactive but is still able to bind to TIMP-1. Furthermore,
MMP-9-H401A is able to neutralize the ability of TIMP-1
to inhibit MMP-9 activity[28]. With the help of this TIMP-1
antagonist the influence of TIMP-1 e.g., on cell migration
and invasion might be demonstrated much more clearly.
Recent discoveries regarding the main functions of TIMP-1
(inhibition of tumor growth, invasion, angiogenesis, and
metastasis; exhibition of growth factor-like activity and
suppression of programmed cell death independent of the
MMP inhibitory activity) have complicated the understanding
of this protease inhibitor. Presently TIMP-1 can no longer be
regarded uniquely as a tissue inhibitor of metalloproteinases.
We decided to study in more detail the role of TIMP-1 and
MMPs in the migration and signal transduction of human
hepatoma cells by using an established cell motility assay
with clear and defined conditions. We showed here that
TIMP-1 overexpressing cells exhibit increased migration
by chemotaxis, which could be reduced by MMP inhibition,
especially inhibition of gelatinases. Following this discovery,
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we further investigated the signal transduction pathways of
MMP-2 and MMP-9 in the event of TIMP-1 overexpression
and demonstrated that TIMP-1 deactivates specific cell
signaling pathways of MMPs.

MATERIALS AND METHODS
Materials
Culture reagents were from Sigma (Steinheim, Germany),
Gibco (Eggenstein, Germany), or Sarstedt (Berlin, Germany).
All chemicals were purchased from Sigma (Germany),
Pharmacia (Freiburg, Germany), or ICN (Meckenheim,
Germany). Galardin (GM 6001), a broad spectrum inhibitor
of MMPs, genistein (4,5,7-trihydroxyisoflavone), an inhibitor
of tyrosine kinases, SB 202190 (FHPI; 4-(4-fluorophenyl)2-(4-hydroxyphenyl)-5-(4-pyridyl)1H-imidazol), an inhibitor
of p38 MAP kinase, UO126 (1,4-diamino-2,3-dicyano1,4-bis(2-aminophenylthio) butadien), an inhibitor of
MEK1/2, and MMP-2/MMP-9 inhibitor I (2R,2,4biphenylylsulfonylamino-3-phenylpropionic acid) were
obtained from CalBiochem (Bad Soden, Germany).
Preparation of a rabbit polyclonal anti-murine-TIMP-1
antiserum was described elsewhere[29] . Boyden chambers
were purchased from Neuroprobe (Gaithersburg, US) and
membranes from Merck (Dar mstadt, Ger many).
Recombinant murine TIMP-1 was obtained from R&D
Systems (Wiesbaden-Nordenstadt, Germany). A semiquantitative PCR detection kit was purchased from BioSource
International (Camarillo, CA).
Construction of a TIMP-1 antagonist
The MMP-9 mutant MMP-9-H401A was cloned as
previously described[28]. To introduce a point mutation at
amino acid 401 of murine MMP-9 (MMP-9-H401A), PCRaided mutagenesis was performed using the following
primers: 5’-TGG CAG CGG CCG AGT TCG GCC ATG3’ sense and 5’-CGA ACT CGG CCG CTG CCA CCA
GG-3’ antisense.
Cells and cell treatment
Human hepatoma cells (HepG2) were maintained in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 50 mL/L fetal calf serum (FCS), 100 mg/L
streptomycin and 60 mg/L penicillin. Cells were grown at
37 ℃ in a water-saturated atmosphere in air/CO2 (19:1).
Cells were assessed for the expression of TIMP-1 by Western
blotting after incubation under serum-free conditions for
24 h. Selection of HepG2 clones stably transfected with
murine TIMP-1 cDNA or murine MMP-9-H401A cDNA
was previously described[27,28]. For stable expression, HepG2
cells were transfected with the expression vector pcDNA3.1mTIMP-1 or pcDNA3.1-MMP-9-mut containing the
neomycin resistance gene. Colonies resistant to 500 µg/mL
neomycin were isolated, several clones were established and
assessed for the expression of murine TIMP-1 or mutant
MMP-9 by Northern and Western blotting. Expression by these
cells was maintained for more than 20 passages. Three positive
clones for each plasmid were used for further analyses.
Western blot
Serum-free cell supernatants of HepG2 cells and HepG2
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cell clones were separated by SDS-polyacrylamide gel
electrophoresis separating gels of 12.5% polyacrylamide and
stacking gels of 3% polyacrylamide. Lanes were loaded with
2 g of total protein each. Following electrophoresis at 30 V
the proteins from serum-free cell supernatants were
transferred to nitrocellulose membrane. Protein bands were
localized by staining Ponceau S. Blots were blocked with
TBS-N (pH 7.6) containing 10% BSA, 20 mmol/L Tris,
137 mmol/L NaCl, 0.1% Nonidet P40, washed and
incubated with antibodies against TIMP-1 (dilution 1:1 000).
Signals were visualized by enhanced chemiluminescence
according to the manufacturer’s instructions (Amersham).
Experiments were done in triplicate.
Boyden chamber experiments
Transwell 0.64-cm2 filter inserts (8-m pores) coated with a
thin layer of gelatin (125 g/cm2) were re-hydrated according
to the customer’s instructions essentially as described
previously[30]. Prior to seeding into the transwell inserts, cells
were released using trypsin-EDTA and sequentially rinsed
with DMEM containing 10% FCS and serum-free DMEM.
The rinsed cells were re-suspended in serum-free DMEM
(2.5×10 5 cells/mL) and 800 L was added to the upper
chambers. Galardin (2 mol/L), MMP-2/MMP-9 inhibitor
I (20 mol/L) or 0.1% DMSO as control were added. In
the lower compartment, fetal calf serum was used as
chemoattractant. Chambers were incubated in a humified
tissue incubator, containing 50 mL/L CO2 for 4 h at 37 ℃.
The cells on the upper surface of the filters were then
removed using a cotton swab and those remaining on the
lower surface of the filter were fixed with 10% methanol
and stained with hematoxylin and eosin. The filters were
rinsed with deionized water, dried and examined using light
microscopy. The number of cells in five random optical
fields (×400 magnification) from triplicate filters was
averaged to obtain the number of migrating cells.
Attachment assay
Attachment assays were performed in 96-well plates. The
wells were coated with gelatin solutions at a concentration
of 10 µg/mL at 4 ℃ for 18 h. Unspecific binding of cells was
blocked by pre-incubation of the wells with 3% BSA/PBS
for 2 h. Hepatoma cell clones were harvested by trypsin
incubation for 2 min, resuspended in DMEM without FCS
at a density of 2×105 cells/mL and placed in the respective
wells. For 4 h cells remaining in suspension were counted
every 15 min. The assays were carried out in triplicate.
Numerical data were analyzed by analysis of variance and
Tukey’s multiple range tests at 5 and 1% levels. Data were
presented as mean±SD.
RT-PCR
RNA was isolated from whole cells by UltraspecTM phenol
chloroform extraction procedure (Biotecx Laboratories Inc.,
Houston, TX) according to the instruction manual,
quantified spectrophotometrically at 260 nm and stored at
-70 ℃. Five micrograms of RNA were heated to 65 ℃ for
10 min in 50% formamide, 20 mmol/L 3-[N-morpholino]
propane sulfonic acid (MOPS), 5 mmol/L sodium acetate,
1 mmol/L EDTA, and 2.2 mol/L formaldehyde before
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gel electrophoresis in 1% agarose containing 2.2 mol/L
formaldehyde, 20 mmol/L MOPS, 5 mmol/L sodium
acetate, and 1 mmol/L EDTA. After electrophoresis,
integrity of the RNA was controlled by ethidium bromide
staining of 18S and 28S ribosomal RNA. First-strand
complementary DNA (cDNA) was synthesized from 1 µg
of DNA-free total RNA with a T-primed first-strand kit
(Pharmacia Biotech, Freiburg, Germany) according to the
manufacturer’s instructions. A 1:100 final dilution of the
reaction was used as template for PCR. In preliminary
experiments, we determined the optimal number of cycles
within the linearity of reactions for each PCR product. The
cycle number was 35 cycles for MMP-9, MMP-14, and
human TIMP-1, and 25 cycles for MMP-2 and GAPDH.
The primers for PCR were as follows: human MMP-2
(756-1682 nt, GenBankTM accession no. AL832088),
forward (5’-CCA CGC TGC GGC AAC CCA GAT GTG
GCC AAC-3’) and backward (5’-GGC GTG GCC AAA CTC
GTG GGC TGC CAC-3’); human GAPDH (292-885 nt,
GenBankTM J04038), forward (5’-CCC ATC ACC ATC
TTC CAG) and backward (5’-CCT GCT TCA CCA CCT
TCT); human MMP-9 (1512-2120 nt, GenBankTM
BC006093), forward (5’-ACG GCC ACT ACT GTG CCT
TTG-3’) and backward (5’-AGG GCA CTG CAG GAT
GTC ATA GG-3’); human MMP-14 (1247–1766 nt,
GenBankTM NM 031056), forward (5’-GCC CAT TGG
CCA GTT CTG GCG GG-3’) and backward (5’-CCT CGT
CCA CCT CAA TGA TGA TC-3’); human TIMP-1 (169494 nt, GenBankTM NM003254), forward (5’-GCA ATT
CCG ACC TCG TCA TC-3’) and backward (5’-AGT GTA
GGT CTT GGT GAA GC-3’). Using these primers, PCR
was performed by the expand high fidelity PCR system
(Roche Diagnostics) at 94 ℃ for 4 min followed by
individual cycles at 94 ℃ for 30 s, at 58 ℃ for 30 s, and at
72 ℃ for 1 min with an extension step at 72 ℃ for 7 min
at the end of the last cycle. The products were resolved in
agarose gel (1.8%), followed by staining with ethidium
bromide, and recorded by digital camera. The relative density
of the products was quantitated by the Bio-Rad Gel-Doc
system. The predicted PCR product size for MMP-2 and
MMP-9 was 926 and 608 bp, respectively. For glyceraldehyde
3-phosphate dehydrogenase (GAPDH) the product size is
593 bp, for MMP-14 519 bp, and for human TIMP-1,
325 bp. Identity of the PCR product for MMP-2, MMP-9,
MMP-14, and human TIMP-1 was confirmed by DNA
sequencing. The values were depicted as the ratio to those
of GAPDH.
Semi-quantitative multiplexPCR detection
The expression of human MMP-1, -3, -7, -2, -9, and GAPDH
were detected by a multiplexPCR kit (BioSou rce
International) according to the supplier’s instructions. The
primers were selected with similar Tm such that highly
stringent conditions for all primers could be utilized for
RT-multiplexPCR. Buffers used were formulated to decrease
competition among amplicons and to enhance the
amplification of longer DNA fragments during
multiplexPCR. Following PCR, the amplicons were analyzed
by gel electrophoresis. Since the amplification efficiency of
each primer pair was equivalent, the intensity of each
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Figure 1 TIMP-1 protein expression of hepatoma cells overexpressing
murine TIMP-1 and those overexpressing the TIMP-1 antagonist
MMP-9-H401A. The arrow indicates the position of murine TIMP-1.
TIMP-1 protein could be detected in HepG2-TIMP-1 cells only.

Effect of TIMP-1 and TIMP-1 antagonist on expression of
MMP-1, -3, -7, -2, -9, and MMP-13
Semi-quantitative multiplexPCR was used to investigate the
expression of MMP-1, -3, -2, -9, and -14 simultaneously in
HepG2 cells, HepG2-TIMP-1 cells and HepG2 cells
overexpressing MMP-9-H401A. The average values of
three different clones for each cell line are indicated in
Figure 2. Expression values of HepG2 cells were set to
100%. There were no significant changes in the expression
levels of MMP-1, MMP-3, and MMP-14 between wild
type HepG2 (white columns), TIMP-1 overexpressing
HepG2 cells (black columns), and HepG2 overexpressing
MMP-9-H401A (halftone columns). We observed a
significant increase in the expression of MMP-9 (HepG2TIMP-1: P = 0.003; HepG2-MMP-9-H401A: P = 0.05) in
both HepG2-TIMP-1 and HepG2-MMP-9-H401A cells
(Figure 2). MMP-9 primers did not differ between
endogenous human MMP-9 and the transgene MMP-9H401A with a single point mutation on DNA level. MMP-2
expression increased in HepG2-TIMP-1 in comparison to

mRNA normalized to GAPDH [% of WT]

RESULTS
Effect of TIMP-1 and TIMP-1 antagonist on TIMP-1 expression
HepG2 wild type cells were compared with HepG2 cell
clones overexpressing murine TIMP-1 (#T1, #T2, #T3)
and HepG2 cells overexpressing the TIMP-1 antagonist
MMP-9-H401A (#M1, #M2, #M3). Western blot analysis
was performed for serum-free supernatants from HepG2
cells, HepG2-TIMP-1, (Figure 1, Lane 3) and HepG2MMP-9-H401A. Using a specific polyclonal antiserum against
murine TIMP-1 that did not detect human TIMP-1, amounts
of murine TIMP-1 could be detected in HepG2-TIMP-1
cells. The supernatants of three different clones for HepG2TIMP-1 (Figure 1, lane 2) and three different clones for
MMP-9-H401A (Figure 1, lane 1), respectively, were pooled.

HepG2 cells but values did not reach the level of
significance. MMP-2 expression levels in HepG2-MMP-9H401A, however, decreased (Figure 2). There were no
changes in the expression of the endogenous TIMP-1
between all cell clones examined (Figure 2, right panel).
600
ba
500
400
300
200
a

100
0

MMP-1 MMP-3 MMP-2 MMP-9 MMP-14 TIMP-1

Figure 2 MMP mRNA expression of HepG2 (white columns), HepG2TIMP-1 clones (black columns), and HepG2 cells overexpressing the
TIMP-1 antagonist MMP-9-H401A (halftone columns). aP<0.05; bP<0.01.

Migration of human hepatoma cells was influenced by
endogenous TIMP-1
To investigate whether TIMP-1 or TIMP-1 antagonism
contributed to differences in cell migration, HepG2-TIMP-1
and HepG2-MMP-9-H401A cells were incubated in Boyden
chambers. Fetal calf serum was used as chemoattractant.
After incubated for 4 h, migrated cells were numbered on
the undersite of the permeable membrane coated with
gelatin. Data were normalized by setting the number of
HepG2 wild type cells to 100% (Figure 3, white column,
lane 1) and were presented as mean±SD. Compared with
wild type HepG2 cells, the cells overexpressing TIMP-1
showed 114.6±10.7% (P = 0.039) migration (Figure 3, black
column, lane 2) and the cells overexpressing the TIMP-1
antagonist showed 62.2±16% (P = 0.0196) migration
(Figure 3, halftone column, lane 3). The difference between
TIMP-1 clones and clones overexpressing the TIMP-1
antagonist was highly significant (P = 0.0057). Thus,
TIMP-1 overexpression associated with increased expression
of MMP-9 and MMP-2 favors migration in contrast to
TIMP-1 inhibition by MMP-9H401A.

a
140
Percentage of wt (%)

amplicon band was proportional to their relative concentration
in the cDNA sample. Agarose gel electrophoresis bands were
scanned by computer analysis, and the optical density was
plotted by histogram. The Bio-Rad Gel-Doc system was used
to quantify PCR data. Data from MMP-cDNA were
normalized to the respective content of GAPDH.
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Figure 3 TIMP-1 and TIMP-1 antagonist contribute to differences in
cell migration. a P<0.05; bP<0.01.
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Migration of hepatoma cells overexpressing TIMP-1 was
inhibited by a broad spectrum inhibitor of MMPs and a specific
inhibitor of MMP-2 and MMP-9
To investigate whether MMPs were responsible for the
different migration rates of HepG2 cells overexpressing
TIMP-1 or MMP-9-H401A, cells were incubated with the
broad spectrum MMP-inhibitor Galardin (Figure 4, lanes
2, 5, 8, 11, 14, 17, 20; few points) and a specific inhibitor
of MMP-2/MMP-9 (Figure 4, lanes 3, 6, 9, 12, 15, 18, 21;
many points). HepG2, HepG2-TIMP-1, and HepG2-MMP9-H401A cells were incubated in Boyden chambers either
with or without 2 µmol/L Galardin (GM 6001, inhibitor
of MMP-1, -2, -3, -8, -9) and 20 µmol/L MMP-2/MMP-9
inhibitor. Fetal calf serum was used as chemoattractant.
After 4 h of incubation migrated cells were numbered on
the bottom of the permeable membrane coated with gelatin.
Incubation with 2 µmol/L Galardin and 20 µmol/L
gelatinase inhibitor reduced cell migration from 27.7±15.6
to 22.2±10.3 (P = 0.038) and 25.1±15.7 in HepG2 wild
type cells (Figure 4, column 1-3). In the case of HepG2MMP-9-H401A, incubation with Galardin reduced cell
migration significantly from 21.5 to 16.1 (P = 0.02, #M1),
17.6 to 4.8 (P = 0.0016, #M2), and 12.6 to 6.9 (P = 0.03,
#M3) for all clones analyzed separately. Gelatinase inhibitor
was not able to reduce cell migration significantly in wild
type cells and two of three cell clones overexpressing the
TIMP-1 antagonist MMP-9-H401A (Figure 4, lanes 3, 6,
and 12; many points). In the case of HepG2-TIMP-1,
incubation with Galardin reduced cell migration from 33.9
to 25.8 (P = 0.02, #T1), 30.8 to 24.6 (P = 0.018, #T2), and
28.1 to 14.5 (P<0.0001, #T3). In the presence of MMP-2/9 inhibitor a reduced migration was observed in all TIMP1 overexpressing cell clones (Figure 4, lane 15, 18, and 21:
many points), although reduction did not achieve significance
in all cases (Figure 4, lane 18). Incubation of HepG2-TIMP1 (#T1) with the specific MMP-2/-9 inhibitor reduced cell
migration from 33.9±18.9 to 15.4±10.7 (P = 0.000003)
beyond the number achieved by incubation with Galardin.

Number of migrated cells
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Figure 4 Effect of a broad spectrum MMP inhibitor and a specific
MMP-2/MMP-9 inhibitor on the migration of HepG2, HepG2-TIMP-1
and HepG2-MMP-9-H401A cells. bP<0.01; d P<0.001.

Effect of TIMP-1 overexpression and TIMP-1 antagonism on
cell attachment
We examined the attachment of all cell clones used to gelatin-
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coated membranes as shown in Figure 5. Three different
clones of HepG2-TIMP-1 (#T1, #T2, #T3) and HepG2MMP-9-H401A (#M1, #M2, #M3) behaved similarly to
wild type HepG2 cells and showed a comparable attachment
(Figure 5).

2.5
X-fold decrease/30 min

1100

2.0
1.5
1.0
0.5
0.0

WT #T1 #T2 #T3 #M1 #M2 #M3

Figure 5 TIMP-1 and TIMP-1 antagonist do not influence cell
attachment.

Signaling pathways required for expression of MMP-2 and
MMP-9 in TIMP-1 overexpressing cells
To test which signaling pathways were involved in the
expression of MMP-2 and MMP-9 in wild type HepG2
and TIMP-1 overexpressing HepG2, cells were incubated
with different kinase inhibitors. Ras proteins are key
molecular switches that mediate transmembrane signaling
through the activation of multiple downstream pathways,
which include the MAPK kinase pathways[31]. A series of
pharmacological inhibitors were used to test the potential
contribution of one or more signaling pathways that might
regulate the steady-state transcription of the MMP-2 and
the MMP-9 gene in wild-type or TIMP-1 overexpressing
HepG2 cells: genistein (25 and 50 mol/L; tyrosine kinase
inhibitor), SB 202190 (2.5 mol/L; potent inhibitor of p38
MAP kinase), and UO126 (1 mol/L; potent and specific
inhibitor of MEK1 and MEK2).
UO126 and genistein treatment at a dose of 50 mol/L
inhibited the secretion of MMP-2 in wild type and TIMP-1
overexpressing hepatoma cells (Figures 6A, B and columns
3, and 5). There was also a less pronounced but reproducible
effect using the general tyrosin kinase inhibitor genistein at
a dose of 25 mol/L (Figure 6A, B and column 2). The
specific p38 MAP kinase inhibitor SB 202190 was effective
in blocking MMP-2 expression in HepG2 wild-type cells
only, suggesting that the MMP-2 expression was not
regulated through p38 MAPK in the case of TIMP-1
overexpression. These data all supported the hypothesis that
constitutive MMP-2 expression is regulated through a
steady-state signaling event, passing through Ras, MEK1/2,
and p38 MAP kinases (Figure 6A). All TIMP-1 overexpressing
cell clones (#T1, #T2, #T3) behaved similar (Figure 6 B).
Genistein at a dose of 25 and 50 µmol/L inhibited the
secretion of MMP-9 in wild-type and TIMP-1 overexpressing
hepatoma cells (Figure 6C, D and columns 2, 3). There was
also a less-pronounced but reproducible effect using the
specific MEK1/2 inhibitor UO126 at a dose of 1 mol/L

HepG2 WT: MMP-2 mRNA

100
80
60
40
20
0

mRNA normalized to GAPDH [% of WT]

1

C

B

120

2

3

4

5

D

HepG2 WT: MMP-9 mRNA

80
60
40
20
1

2

3

4

140

5

6

HepG2-TIMP-1 (#T1, #T2, #T3): MMP-2 mRNA

120
100
80
60
40
20
0

6

100

0

mRNA normalized to GAPDH [% of WT]

120

1101

mRNA normalized to GAPDH [% of WT]

A

mRNA normalized to GAPDH [% of WT]

Roeb E et al. TIMP-1 enhanced migration

1

160

2

3

4

5

6

HepG2-TIMP-1 (#T1, #T2, #T3): MMP-9 mRNA

140
120
100
80
60
40
20
0
1

2

3

4

5

6

Figure 6 Effect of genistein, p38 MAPK inhibitor (SB 202190), and UO126 on the induction of MMP-2 and MMP-9 mRNA expression in HepG2
(A and C) and HepG2 TIMP-1 overexpressing cell clones (B and D). Cells were treated with Genistein 25 µM (2), Genistein 50 µM (3), SB202190
(4), and UO126 (5). mRNA expression of untreated cells (1) were set to 100%. Incubation with DMSO served as control (6).

(Figure 6C, D and column 5). The specific p38 MAP kinase
inhibitor SB 202190 was effective in blocking MMP-9
expression in HepG2 wild-type cells and less pronounced
in one (#T1) of the TIMP-1 overexpressing clones
(individual data not shown) whereas MMP-9 expression
could not be influenced by p38 MAK inhibition in other
TIMP-1 overexpressing clones (#T2, #T3) (individual data
not shown). These data suggested that TIMP-1 overexpression
attenuates MMP-9 expression through p38 MAPK. Similar
to MMP-2 constitutive MMP-9 expression is regulated
through a steady-state signaling event passing through Ras,
MEK1/2, and p38 MAP kinases (Figure 6C).

DISCUSSION
A critical involvement of TIMP-1 and MMPs, in the extent
of migration of human hepatoma cells, is shown here. It
has previously been reported that TIMP-1 may play an
important role in growth and migration, especially of
hepatocellular and cholangiocellular carcinomas[32]. In this
report, we extend these data in several ways. The migration
of human hepatoma cells is characterized by the presence
of TIMP-1 and a novel TIMP-1 antagonist. The influence
of MMPs in the presence of high TIMP-1 levels can be
determined by the application of a broad spectrum MMP
inhibitor (Galardin GM6001) and a specific inhibitor of
MMP-2, and MMP-9. MMP-2 and MMP-9 were critical
for the migration of hepatoma cells in the presence of
TIMP-1 (Figure 4). The action of TIMP-1 on the migration
of hepatoma cells is functionally different from the MMPinhibitors indicating other functions of TIMP-1 besides its
MMP inhibitory capacity. The influence of cell attachment
on the extent of migration is excluded by defining the
attachment of all cell clones used. Signal transduction

pathways responsible for the gene expression of MMP-2
and MMP-9 are analyzed either in the presence or absence
of TIMP-1 and differences are elaborated concerning p38
MAPK.
TIMP-1 overexpression leads to increased migration of
hepatoma cells (Figure 2). This phenomenon linked to
TIMP-1 is confirmed by the use of the novel TIMP-1
antagonist MMP-9-H401-A[28]. This MMP-9 mutant has
the opposite effect of TIMP-1 and reduces migration in
our system. Although both TIMP-1 and the synthetic MMPinhibitor GM6001 are able to inhibit MMPs, TIMP-1
increases and GM6001 decreases migration. Thus, the action
of TIMP-1 on migration of hepatoma cells is functionally
different from GM6001. Since TIMP-1 enhances migration
in hepatoma cells, the influence of TIMP-1 on migration
seems to be at least partly independent of its MMP
inhibitory activity and indicates other functions of TIMP-1
besides its MMP inhibitory capacity. Recent studies showed
that apoptotic effects of TIMP-1, especially the inhibition
of apoptosis in tumor cells, are independent of MMP
inhibition[11,33] . However, apoptosis would hardly be the
reason for increased migration in our experiments because
we measured migration over 4 h, too short for significant
effects of programed cell death. Furthermore, we measured
apoptosis in all cell clones used vs HepG2 wild-type cells by
a cell death detection (nuclear matrix protein) but ELISA
and apoptotic DNA Ladder kit could not detect any
significant differences (data not shown). Further biological
functions of TIMP-1, mitogenic activity, and cell-growth
promoting activity, can be mainly excluded for the short
period of time selected[11,34-36] . The effect of TIMP-1 on
hepatoma cell migration might be cell tissue specific because
in B16-F10 melanoma cells a specific up-regulation of
murine TIMP-1 expression directly suppresses the invasive
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ability in a matrigel transwell invasion assay[37]. Recently the
modulation of cell morphology has been reported to have
a function for TIMP-1 [11,38]. In smooth muscle cells a
minimum expression of the contractile proteins and a
maximal proliferation rate are correlated with the highest
levels of both MMP-1 and TIMP-1[38]. TIMP-1 overexpressing
HepG2 cells actually have a characteristic phenotype; they
grow in nests and lie on top of each other[27]. It might be
possible that this specific phenotype enables the cells to
enhance migration through the gelatin-coated transwell
filters. Whether the modulation of cell morphology by
TIMP-1 takes place by changing the expression pattern of
contractile proteins is the subject of our current investigation.
MMP-2 and -9 are necessary for the migration of many
cell types and tumor cells, e.g., Langerhans cells and dermal
dendritic cells from human and murine skin[5]. The migration
of the latter cells, however, is inhibited by TIMP-1 and
TIMP-2. We also demonstrated that MMPs are critical for
the migration of hepatoma cells either in the presence or
absence of TIMP-1 (Figure 4). Overexpressing functional
TIMP-1 seems to depend on enhanced MMP-activity. Since
Galardin is able to inhibit MMP-1, -2, -3, -8 and -9, one or
more of these MMPs might be responsible for migration
in HepG2 cells in our system. Overexpression of MMP-9
in HepG2-TIMP-1 cells has been demonstrated earlier[27].
Actually, we observed a reduced migration of all cell clones
used in the presence of MMP-2/MMP-9 inhibitor. In some
cases (Figure 4), however, reduction of migration did not
achieve significance.
Migration of cells through a coated membrane involves
not only ECM degradation but also requires the ability of
adhesive interactions between cells and matrix. Cell migration
can be viewed as a process regulated by counter-balanced
forces or activities. Strength of cell adhesion and inhibitory
degrees of cell adhesion can regulate the speed of motility[6,39].
In the present study, however, decreased and increased
migration did not correlate with different adhesion (Figure 5).
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MAPK activities exert a crucial role in cellular migration,
and their implication in this process has been highlighted by
the use of specific inhibitors (indicated in Figure 7).
Several reports have shown that SAPK2/p38 is involved
in chemokine-induced chemotaxis of cells[40-42] . For this
reason, we examined the migration potential of TIMP-1
overexpressing cells in the presence of specific signal
transduction inhibitors (Figure 7) and our study presents
evidence that p38 but not ERK, intervenes in the control
of hepatoma cell migration. Signal transduction has
traditionally been examined by short-term stimulation of
cells with agents that induce mitogenesis, differentiation, or
apoptosis[43]. Recent work showed that maintenance of
basal cell function also requires “steady-state” signal
transduction[44] . In this specific instance, the steady-state
production of MMP-2 and MMP-9 involved in cell
attachment, detachment, and migration was examined in
our study. Constitutive MMP-2 and MMP-9 expression is
regulated through a steady-state signaling event passing
through tyrosine kinases, MEK1/2, and p38 MAP kinases
(Figures 6, 7). Our results are in accordance with others[42-44,48].
For head and neck cancer cells, it has already been reported
that the general tyrosine kinase inhibitor genistein induces
several specific molecular changes, such as down-regulation
of c-erbB-2 expression, down-regulation of MMP-2 and
MMP-9 secretion, inhibition of tumor cell invasion and
down-regulation of nuclear factor-kappaB DNA binding
activity[45]. In human keratinocytes, the inhibition of MAPK
pathway is correlated with down-regulation of MMP-9
secretion induced by TNF-alpha[46]. In brain cells, ERK and
p38 MAP kinases are up-regulated after mechanical injury,
and mediate the secretion of MMP-9 [47] . Recently, it has
been shown that inhibition of monocyte migration occurs
via inhibiting crucial signaling pathways, like SAPK2/p38
(Figure 7) and MMP-2 activities[48].
Given the data presented in this manuscript, we could
now predict that expression of MMP-2 and MMP-9 in

Growth Factors
Mitogens

sos

February 28, 2005

Elk-1

MMP-9
MMP-2

Inflammation
Apoptosis Growth
Differentiation

Figure 7 Signal transduction pathways and MAP kinase signaling cascades in mammalian cells shown in schematic form.
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liver tumors containing high TIMP-1 activity cannot be
influenced by inhibition of p38 MAK (Figure 7). This should
result in a higher metastatic potential and probably a poorer
overall prognosis.
Our data add new insights in the complex function of
TIMP-1 and control of MMP activity in human liver cells.
Thus, the suggested role of TIMP-1 in tumor cell migration
has substantially changed from the initial focus on MMP
inhibition to a broader focus including modulation of MMP
secretion, cell morphology, and cell migration. With regard
to the treatment of inflammatory disorders and metastasis,
it might be useful to target the signaling pathways regulating
these MMPs in more detail.

ACKNOWLEDGEMENTS
A part of the data has been presented as a plenary talk on
the Single Topic Conference Liver Fibrosis of the EASL in
Florence, 2001.

1103

14

15

16

17

18

19

REFERENCES
1

2
3

4

5

6

7

8

9
10

11

12

13

Stetler-Stevenson WG, Aznavoorian S, Liotta LA. Tumor
cell interactions with the extracellular matrix during invasion
and metastasis. Annu Rev Cell Biol 1993; 9: 541–573
Coussens LM, Werb Z. Matrix metalloproteinases and the
development of cancer. Chem Biol 1996; 3: 895–904
Shapiro SD. Matrix metalloproteinase degradation of extracellular matrix: biological consequences. Curr Opin Cell Biol
1998; 10: 602–608
Yu Q, Sta m enkov i c I. Cel l surfa c e -l oc a l i z ed ma tri x
metalloproteinase-9 proteolytically activates TGF-beta and
promotes tumor invasion and angiogenesis. Genes Dev 2000;
14: 163-176
Ratzinger G, Stoitzner P, Ebner S, Lutz MB, Layton GT,
Rainer C, Senior RM, Shipley JM, Fritsch P, Schuler G, Romani
N. Matrix metalloproteinases 9 and 2 are necessary for the
migration of Langerhans cells and dermal dendritic cells from
human and murine skin. J Immunol 2002; 168: 4361–4371
Gu J, Nishiuchi R, Sekiguchi K. Matrix metalloproteinase-2 is
involved in A549 cell migration on laminin-10/11. Biochem
Biophys Res Commun 2002; 296: 73–77
Kang T, Yi J, Guo A, Wang X, Overall CM, Jiang W, Elde R,
Borregaard N, Pei D. Subcellular distribution and cytokineand chemokine-regulated secretion of leukolysin/MT6MMP/MMP-25 in neutrophils. J Biol Chem 2001; 276: 21960–
219 68
St-Pierre Y, Van Themsche C, Esteve PO. Emerging features
in the regulation of MMP-9 gene expression for the development of novel molecular targets and therapeutic strategies.
Curr Drug Targets Inflamm Allergy 2003; 2: 206–215
Arthur MJ. Collagenases and liver fibrosis. J Hepatol 1995;
22: 43–48
McCrudden R, Iredale JP. Liver fibrosis, the hepatic stellate
cell and tissue inhibi tors of metal loproteinases. Histol
Histopathol 2000; 15: 1159–1168
Mannello F, Gazzanelli G. Tissue inhibitors of metalloproteinases
and programmed cell death: conundrums, controversies and
potential implications. Apoptosis 2001; 6: 479–482
Murphy FR, Issa R, Zhou X, Ratnarajah S, Nagase H, Arthur
MJ, Benyon C, Iredale JP. Inhibition of apoptosis of activated
hepatic stellate cells by tissue inhibitor of metalloproteinase1 is mediated via effects on matrix metalloproteinase inhibition:
implications for reversibility of liver fibrosis. J Biol Chem 2002;
277: 11069–11076
Guedez L, Courtemanch L, Stetler-Stevenson M. Tissue inhibitor of metalloproteinase (TIMP)-1 induces differentiation
and an antiapoptotic phenotype in germinal center B cells.

20

21

22

23

24

25

26

27

28

29

30

Blood 1998; 92: 1342-1349
Guedez L, Stetler-Stevenson WG, Wolff L, Wang J, Fukushima
P, Mansoor A, Stetler-Stevenson M. In vitro suppression of
programmed cell death of B cells by tissue inhibitor of
metalloproteinases-1. J Clin Invest 1998; 102: 2002–2010
Gaudin P, Trocme C, Berthier S, Kieffer S, Boutonnat J, Lamy
C, Surla A, Garin J, Morel F. TIMP-1/MMP-9 imbalance in an
EBV-immortalized B lymphocyte cellular model: evidence for
TIMP-1 multifunctional properties. Biochim Biophys Acta 2000;
1499: 19–33
Lambert E, Boudot C, Kadri Z, Soula-Rothhut M, Sowa ML,
Mayeux P, Hornebeck W, Haye B, Petitfrere E. Tissue inhibitor of metalloproteinases-1 signalling pathway leading to
erythroid cell survival. Biochem J 2003; 372: 767–774
Ikenaka Y, Yoshiji H, Kuriyama S, Yoshii J, Noguchi R,
Tsujinoue H, Yanase K, Namisaki T, Imazu H, Masaki T,
Fukui H. Tissue inhibitor of metalloproteinases-1 (TIMP-1)
inhibits tumor growth and angiogenesis in the TIMP-1
transgenic mouse model. Int J Cancer 2003; 105: 340–346
Alexander JP, Acott TS. Involvement of the Erk-MAP kinase
pa thwa y i n TNFal pha regula tion of trabecul ar matrix
metalloproteinases and TIMPs. Invest Ophthalmol Vis Sci 2003;
44: 164–169
Wang T, Yamashita K, Iwata K, Hayakawa T. Both tissue
inhibitors of metalloproteinases-1 (TIMP-1) and TIMP-2 activate Ras but through different pathways. Biochem Biophys
Res Commun 2002; 296: 201–205
Tanimura S, Asato K, Fujishiro SH, Kohno M. Specific blockade of the ERK pathway inhibits the invasiveness of tumor
cells: down-regulation of matrix metalloproteinase-3/-9/-14
and CD44. Biochem Biophys Res Commun 2003; 304: 801–806
Woo JH, Park JW, Lee SH, Kim YH, Lee IK, Gabrielson E, Lee
SH, Lee HJ, Kho YH, Kwon TK. Dykellic acid inhibits phorbol
myristate acetate-induced matrix metalloproteinase-9 expression by inhibiting nuclear factor kappa B transcriptional
activity. Cancer Res 2003; 63: 3430–3434
Hah N, Lee ST. An absolute role of the PKC-dependent NFkappaB activation for induction of MMP-9 in hepatocellular
carcinoma cells. Biochem Biophys Res Commun 2003; 305: 428–
43 3
Esparza J, Vilardell C, Calvo J, Juan M, Vives J, UrbanoMarquez A, Ya gue J, Cid MC. Fi bronecti n upregulates
gelatinase B (MMP-9) and induces coordinated expression of
gelatinase A (MMP-2) and its activator MT1-MMP (MMP14) by human T lymphocyte cell lines. A process repressed
through RAS/MAP kinase signaling pathways. Blood 1999;
94: 2754–2766
Nakopoulou L, Tsirmpa I, Alexandrou P, Louvrou A, Ampela
C, Markaki S, Davaris PS. MMP-2 protein in invasive breast
cancer and the impact of MMP-2/TIMP-2 phenotype on overall
survival. Breast Cancer Res Treat 2003; 77: 145–155
Denkert C, Siegert A, Leclere A, Turzynski A, Hauptmann
S. An inhibitor of stress-activated MAP-kinases reduces invasion and MMP-2 expression of malignant melanoma cells.
Clin Exp Metastasis 2002; 19: 79–85
Pan MR, Hung WC. Nonsteroidal anti-inflammatory drugs
inhibit matrix metalloproteinase-2 via suppression of the ERK/
Sp1-mediated transcription. J Biol Chem 2002; 277: 32775–
327 80
Roeb E, Winograd R, Breuer B, Nguyen H, Matern S. Increased TIMP-1 activity results in increased expression of
gelatinases and altered cell motility. J Cell Biochem 1999; 75:
346–355
Roeb E, Behrmann I, Grötzinger J, Breuer B, Matern S. An
MMP-9 mutant without gelatinolytic activity as a novel TIMP1-antagonist. FASEB J 2000; 14: 1671–1673
Roeb E, Graeve L, Müllberg J, Matern S, Rose-John S. TIMP-1
protein expression is stimulated by IL-1 beta and IL-6 in
primary rat hepatocytes. FEBS Lett 1994; 349: 45–49
Wach F, Eyrich AM, Wustrow T, Krieg T, Hein R. Comparison of migration and invasiveness of epithelial tumor and
melanoma cells in vitro. J Dermatol Sci 1996; 12: 118–126

1104
31

32

33

34

35
36
37

38

39

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Campbell SL, Khosravi-Far R, Rossman KL, Clark GJ, Der
CJ. Increasing complexity of Ras signaling. Oncogene 1998;
17: 1395–1413
Nakatsukasa H, Ashida K, Higashi T, Ohguchi S, Tsuboi S,
Hino N, Nouso K, Urabe Y, Kinugasa N, Yoshida K, Uematsu
S, Ishizaki M, Kobayashi Y, Tsuji T. Cellular distribution of
transcripts for tissue inhibitor of metalloproteinases 1 and 2 in
human hepatocellular carcinomas. Hepatology 1996; 24: 82–88
Li G, Fridman R, Kim HR. Tissue inhibitor of metalloproteinase1 inhibits apoptosis of human breast epithelial cells. Cancer
Res 1999; 59: 6267–6275
Gomez DE, Alonso DF, Yoshiji H, Thorgeirsson UP. Tissue
inhibitors of metalloproteinases: structure, regulation and biological functions. Eur J Cell Biol 1997; 74: 111–122
Murphy G, Willenbrock F. Tissue inhi bitors of matrix
metalloendopeptidases. Methods Enzymol 1995; 248: 496–510
Nagase H, Woessner JF. Matrix metalloproteinases. J Biol
Chem 1999; 274: 21491–21494
Khokha R, Zimmer MJ, Graham CH, Lala PK, Waterhouse
P. Suppression of invasion by inducible expression of tissue
inhibitor of metalloproteinase-1 (TIMP-1) in B16-F10 melanoma cells. J Natl Cancer Inst 1992; 84: 1017–1022
Kato S, Yasukawa H, Fujii T, Yamaguchi M, Miyagi N,
Okamoto K, Wada Y, Miyamoto T, Morimatsu M, Fox JC.
Coordinate regulation of matrix metalloproteinase-1 and
tissue inhibitor of metalloproteinase-1 expression in human
vascular smooth muscle cells. Connect Tissue Res 2000; 41:
1 43 –15 3
Palecek SP, Loftus JC, Ginsberg MH, Lauffenburger DA,
Horwitz AF. Integrin-ligand binding properties govern cell
migration speed through cell-substratum adhesiveness. Nature 1997; 385: 537–540

40

41

42

43
44

45

46

47

48

February 28, 2005

Volume 11

Number 8

Ashida N, Arai H, Yamasaki M, Kita T. Distinct signaling
pathways for MCP-1-dependent integrin activation and
chemotaxis. J Biol Chem 2001; 276: 16555–16560
Sun Y, Cheng Z, Ma L, Pei G. Beta-arrestin2 is critically involved in CXCR4-mediated chemotaxis, and this is mediated
by its enhancement of p38 MAPK activation. J Biol Chem
2002; 277: 49212–49219
Cara DC, Kaur J, Forster M, McCafferty DM, Kubes P. Role
of p38 mitogen-activated protein kinase in chemokine-induced
emigration and chemotaxis in vivo. J Immunol 2001; 167: 6552–
65 58
Kerkhoff E, Rapp UR. Cell cycle targets of Ras/Raf signalling.
Oncogene 1998; 17: 1457–1462
Liao J, Wolfman JC, Wolfman A. K-ras regulates the steadystate expression of matrix metalloproteinase 2 in fibroblasts.
J Biol Chem 2003; 278: 31871–31878
Alhasan SA, Aranha O, Sarkar FH. Genistein elicits pleiotropic molecular effects on head and neck cancer cells. Clin Cancer Res 2001; 7: 4174–4181
Holvoet S, Vincent C, Schmitt D, Serres M. The inhibition of
MAPK pathway is correlated with down-regulation of MMP9 secretion induced by TNF-alpha in human keratinocytes.
Exp Cell Res 2003; 290: 108–119
Wang X, Mori T, Jung JC, Fini ME, Lo EH. Secretion of matrix
metalloproteinase-2 and -9 after mechanical trauma injury in
rat cortical cultures and involvement of MAP kinase. J
Neurotrauma 2002; 19: 615–625
Vitale S, Schmid-Alliana A, Breuil V, Pomeranz M, Millet
MA, Rossi B, Schmid-Antomarchi H. Soluble fractalkine prevents monocyte chemoattractant protein-1-induced monocyte migration via inhibition of stress-activated protein kinase 2/p38 and matrix metalloproteinase activities. J Immunol
2004; 172: 585–592

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

EL SEVIER

World J Gastroenterol 2005;11(8):1105-1108
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• COLORECTAL CANCER •

Expression of cyclooxygenase-2 in colorectal cancer and its clinical
significance
Bin Xiong, Tao-Jiao Sun, Wei-Dong Hu, Fu-Lin Cheng, Min Mao, Yun-Feng Zhou
Bin Xiong, Tao-Jiao Sun, Wei-Dong Hu, Fu-Lin Cheng, Min Mao,
Yun-Feng Zhou, Department of Oncology, Affiliated Zhongnan
Hospital of Wuhan University, Wuhan 430071, Hubei Province,
China
Supported by Hubei Province Natural Science Foundation, No.
2000J054
Correspondence to: Dr. Yun-Feng Zhou, Affiliated Zhongnan
Hospital of Wuhan University, Wuhan 430071, Hubei Province,
China. binxiong88@yahoo.com
Telephone: +86-27-67813358
Received: 2004-02-06 Accepted: 2004-04-05

and cancer cell motility and invasive potential in
colorectal cancer and it can be used as a possible
biomarker.

Abstract

http://www.wjgnet.com/1007-9327/11/1105.asp

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

Key words: Cyclooxygenase-2; Colorectal cancer;
Immunohistochemical
Xiong B, Sun TJ, Hu WD, Cheng FL, Mao M, Zhou YF.
Expression of cyclooxygenase-2 in colorectal cancer and
its clinical significance. World J Gastroenterol 2005; 11(8):
1105-1108

AIM: To clarify the clinicopathologic significance of COX-2
expression in human colorectal cancer.
METHODS: A total of 128 surgically resected colorectal
cancer s pecim ens were im munohistochem ically
analyzed with the use of anti-COX-2, anti-VEGF and antiMMP-2 antibodies. The relationship between the
cyclooxygenase-2 expression in primary lesions of
colorectal cancer and clinicopathologic parameters was
evaluated by chi-square test.
RESULTS: Among 128 cases of colorectal cancer, 87
(67.9%) were positive for cyclooxygenase-2. The
expression of cyclooxygenase-2 was significantly
correlated with the depth of invasion, stage of disease,
and metastasis (lymph node and liver). Patients in T3-T4,
stages III-IV and with metastasis had much higher
expression of cyclooxygenase-2 than ones in T1-T2, stages
I-II and without metastasis (P<0.05). Among 45 cases of
colorectal cancer with lymph node metastasis, the COX-2positive rate was 86.7% (39/45) for primary lesions and
diffuse cytoplasmic staining for COX-2 protein was
detected in cancer cells in 100% of metastatic lesions of
the lymph nodes. VEGF expression was detected in 49
tumors (38.3%), and VEGF expression was closely
correlated with COX-2 expression. The positive expression
rate of VEGF (81.6%) in the cyclooxygenase-2-positive
group was higher than that in the cyclooxygenase-2negative group (18.4%, P<0.05). MMP-2 expression was
detected in 88 tumors (68.8%), and MMP-2 expression
was closely correlated with COX-2 expression. The positive
expression rate of MMP-2 (79.6%) in the positive COX-2
group was higher than that in the negative COX-2 group
(20.4%, P<0.05).
CONCLUSION: Cyclooxygenase-2 may be associated
with tumor progression by modulating the angiogenesis

INTRODUCTION
Cancer has been described as a disease of aberrant signal
transduction. Carcinogenesis is a multistep process
characterized by progressive changes in the amounts or
activity of proteins that regulate cellular proliferation,
differentiation, and survival. These changes can be mediated
through both genetic and epigenetic mechanisms.
Cyclooxygenase (COX) is a rate-limiting enzyme in
prostaglandin biosynthesis [1]. Evidence suggests that
nonsteroidal anti-inflammatory drugs reduce the risk of
colorectal cancer and that this effect is mediated through
COX inhibition[2-4]. Two COX isoforms, COX-1 and COX-2,
have been identified. COX-1 is constitutively expressed and
involved in general cell functions, whereas COX-2 is an
inducible enzyme that is up-regulated in response to various
stimuli, including growth factors and mitogens[5-8]. An
enhanced expression of COX-2 has been found in many
tumors, such as the lung, breast, esophageal, and colon
cancers [2-4,9-11]. Recent studies have demonstrated that
COX-2 could affect carcinogenesis via several different
mechanisms [1,12-15]. Overexpression of COX-2 leads to
phenotypic changes involving increased adhesion to the
extracellular matrix and inhibition of apoptosis in rat intestinal
epithelial cell, which could enhance their tumorigenic
potential[3,8,10,15-18]. Constitutive expression of COX-2 can
also lead to alterations in the invasive potential of colorectal
cancer cells, and COX-2 may be involved in tumor
angiogenesis [1,11,13,17-20]. COX-2 may be related to the
development of colorectal cancer, but the precise role of
COX-2 in colorectal cancer is not yet fully known.
In this study we compared COX-2 expression in primary
and metastatic lesions by immunohistochemical staining in
a group of colorectal cancer patients. Our objective was to
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determine the clinical significance of COX-2 in advance
of colorectal cancer.

MATERIALS AND METHODS
Patients
A total of 128 cases of colorectal adenocarcinoma that
had undergone surgical resection were collected in the
Affiliated Zhongnan Hospital of Wuhan University (Wuhan,
China) from January 1999 to September 2002, and COX-2,
VEGF and MMP-2 immunohistochemical staining were
performed. There were 73 men and 55 women, and their
age ranged from 23 to 74 years (mean, 56±11 years). Among
128 patients, 26 were well-differentiated adenocarcinoma,
57 moderately differentiated adenocarcinoma and 45 poorly
differentiated adenocarcinoma. According to Dukes’ staging
criteria, 37 cases were stage I, 41 stage II, 39 stage III and
11 stage IV.
Methods
Immunohistochemical staining All the tissue specimens
were fixed in 100 mol/L neutral formalin and embedded in
paraffin. Five-m thick sections were dewaxed in xylene
and dehydrated in ethanol. Tissue sections were washed
three times in 0.05 mol/L PBS, and incubated in endogenous
peroxidase blocking solution. Non-specific antibody binding
was blocked by pretreatment with PBS containing 5 g/L
bovine serum albumin. Sections were then rinsed in PBS
and incubated overnight at 4 ℃ with diluted anti-COX-2
(Santa Cruz), anti-VEGF (Bosden, Wuhan, China) and antiMMP-2 (Santa Cruz) antibodies. The steps were performed
using S-P detection kit (Maxin, Fuzhou, China) according
to the manufacturer’s instructions. PBS was used as
substitutes of antibody for negative control. The sections
were examined under light microscope.
Evaluation of the staining Evaluation for COX-2 was
performed according to the following scoring system[1] :
staining intensity was graded as weak (1), moderate (2), or
strong (3), and area of staining positivity as <10% (0) of all
cells stained in the cytoplasm, 10-40% (1), 40-70% (2), or
≥70% (3). Total scores for grade and area of three or
more was defined as positive expression and less than three
as negative. Positive signal for VEGF and MMP-2 was
located in the cytoplasm or/and cell membrane[11,21-24].
Immunoreactivity was graded as follows: +, ≥10% stained
tumor cells; and -, <10% stained tumor cells[18,25-28].
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Statistical analysis
The difference between each group was analyzed by 2
test. P<0.05 was considered significant.

RESULTS
COX-2 expression in colorectal cancer and clinicopathologic
findings
COX-2 was expressed in the cytoplasm of cancer cells
(Figure 1A) and the expression in primary tumor was noted
in 67.9% (87/128). The correlation between COX-2
expression and the clinicopathologic findings is shown in
Table 1. The expression of COX-2 was significantly correlated
with depth of invasion, stage of disease and metastasis
(lymph node and liver). Patients in T3-T4, stages III-IV
and metastasis had much higher COX-2 expression than
ones in T1-T2, stages I-II and without metastasis (P<0.05).
The expression of COX-2 was not correlated with age,
gender and differentiation degree of the tumor (P>0.05).

Table 1 Clinicopathologic characteristics of colorectal cancer with
expression of COX-2
Variable

COX-2 positive
n (%)

n

Sex
Male
73
Female
55
Age (yr)
Histological differentiation
Well
26
Moderate
57
Poor
45
Depth of invasion
T1-T2
81
T3-T4
47
Metastasis
Present
50
Absent
78
Dukes stage
I
37
II
41
III+IV
50
VEGF expression
Positive
49
Negative
79
MMP-2 expression
Positive
88
Negative
40
a

COX-2 negative
n (%)

50 (68.5)
37 (67.3)
54±12

23 (31.5)
18 (32.7)
56±15

17 (65.4)
40 (70.2)
30 (66.7)

9 (34.6)
17 (29.8)
15 (33.3)

48 (59.3)
39 (83.0)

33 (40.7)
8 (17.0)a

42 (84.0)
45 (57.7)

8 (16.0)
33 (42.3)a

15 (40.5)
28 (68.3)
44 (88.0)

22 (59.5)
13 (31.7)
6 (12.0)a

40 (81.6)
47 (59.5)

9 (18.4)
32 (40.5)a

70 (79.6)
17 (42.5)

18 (20.4)
23 (57.5)a

P<0.05 vs positive.

C

Figure 1 Expression of COX-2, VEGF and MMP-2 in well-differentiated colon adenocarcinoma. A: The staining of COX-2 is mainly in the
cytoplasm of tumor cells. S-P, ×400; B: The staining of VEGF is mainly in the cytoplasm and membrane of tumor cells. S-P, ×400; C: The
staining of MMP-2 is mainly in cytoplasm and membrane of tumor cells. S-P, ×400.
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Figure 2 COX-2 expression in lymph node metastatic lesions. A: The staining is mainly in cytoplasm of tumor cells. S-P, ×200; B: The staining
is mainly in cytoplasm of tumor cells. S-P, ×400.

Relationship between COX-2, VEGF and MMP-2 expression
VEGF was mainly localized in the cytoplasm and cell
membrane of the tumor cells (Figure 1B). VEGF expression
was detected in 49 tumors (38.3%), and VEGF expression
was closely correlated with COX-2 expression (Table 1).
The positive expression rate of VEGF (81.6%) in the
positive COX-2 group was higher than that in the negative
COX-2 group (18.4%, P<0.05).
MMP-2 was mainly localized in the cytoplasm and cell
membrane of the tumor cells (Figure 1C). MMP-2
expression was detected in 88 tumors (68.8%), and MMP-2
expression was closely correlated with COX-2 expression
(Table 1). The positive expression rate of MMP-2 (79.6%)
in the positive COX-2 group was higher than that in the
negative COX-2 group (20.4%, P<0.05).
Relationship of COX-2 expression between primary and lymph
node metastatic lesions
Among 45 cases of colorectal cancer with lymph node
metastasis, the COX-2 positive rate was 86.7% (39/45) for
primary lesions and 100% for metastatic lesions in the lymph
nodes. All cases with no staining in the primary lesion showed
COX-2 staining in the metastatic lesion in the lymph nodes
(Figures 2A, B).

DISCUSSION
Epidemiological and experimental studies have demonstrated
the effect of non-steroidal anti-inflammatory drugs in the
prevention of human cancers[1,5-7,16-18]. These drugs block
endogenous prostaglandin synthesis through inhibition of
COX enzymatic activity[17,20,23-26] . COX-2 is an inducible
enzyme that catalyzes the conversion of arachidonic acid
to biologically active prostanoids. COX-2 modulates the
growth and function of many cells, including those with
malignant transformation. The over-expression of COX-2
has been reported in tissues from patients with different
carcinoma, and is believed to play a role in tumor
transformation and progression, as well as in tumor
regression[1,4-7,18,29-32]. Recent experimental studies showed
that COX-2 inhibits cell apoptosis, regulates angiogenesis, and
is associated with matrix metalloproteinases (MMP)[16,26,33-35].
COX-2 was over-expressed in approximate 80% of
colorectal cancer cases[1,18,30,36], and may be related to the

development of colorectal cancer. However, the precise
role of COX-2 in colorectal cancer is not yet fully known.
Yamauchi et al[1] reported that COX-2 expression correlated
significantly with histologic type, depth of invasion, pathologic
stage, and metachronous liver metastasis of colorectal
cancer. Multivariate analysis for factors associated with
metachronous liver metastasis of colorectal cancer showed
that COX-2 expression was one of the independent risk
factors, second only to lymph node metastasis[1]. COX-2
expression in the primary lesion may be a useful marker
for evaluating prognosis and liver metastasis in patients with
colorectal cancer[1] . In our study, COX-2 expression was
detected in 87 tumors (67.9%). The expression of COX-2
was significantly correlated with the depth of invasion, stage
of disease and metastasis (lymph node and liver). Patients
in T3-T4, stages III-IV and with metastasis had much higher
expression of COX-2 than ones in T1-T2, stages I-II and
without metastasis (P<0.05). Among 45 cases of colorectal
cancer with lymph node metastasis, the COX-2-positive rate
was 86.7% (39/45) for primary lesions and diffuse
cytoplasmic staining for COX-2 protein was detected in
cancer cells in 100% of metastatic lesions in the lymph
nodes. The preferential expression of COX-2 in lymph node
metastases suggests a clonal selection of tumor cells with
COX-2 expression, specific for the higher potential of lymph
node metastasis in tumor advance, and COX-2 plays a role
related to the malignant progression of colorectal cancer.
Masferrer et al [31] reported that COX-2 stimulates
endothelial cell migration and vessel tube formation, which
are inhibited by NSAIDs. They also reported that COX-2
affects MMP-2 and activated collagenase levels. This study
found that the expression of VEGF and MMP-2 in COX-2positive group is significantly higher than that in COX-2negative group. The expression of COX-2 is significantly
correlated with the expression of VEGF. It demonstrated
that COX-2 might be indirectly correlated with angiogenesis
through an up-regulation of the expression of VEGF. The
expression of COX-2 is also significantly correlated with
MMP-2 in colorectal cancer. It indicates that COX-2 can
also lead to alterations in the invasive potential of colorectal
cancer cells through an up-regulation of the expression of
MMP-2. It suggests that COX-2 is closely related to the
invasion and metastasis of colorectal cancer and it may be
used as a possible biomarker.
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Abstract
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AIM: Hepatitis B virus (HBV) re-activation often occurs
spontaneously or after withdrawal of immunosuppressive
therapy in patients with chronic hepatitis B. Severe
exacerbation, sometimes developing into fulminant
hepatic failure, is at high risk of mortality. The efficacy of
corticosteroid therapy in “clinically severe” exacerbation
of chronic hepatitis B has not been well demonstrated. In
this study we evaluated the efficacy of early introduction
of high-dose corticosteroid therapy in patients with lifethreatening severe exacerbation of chronic hepatitis B.
METHODS: Twenty-two patients, 14 men and 8 women,
were defined as “severe” exacerbation of chronic hepatitis
B using uniform criteria and enrolled in this study. Eleven
patients were treated with corticosteroids at 60 mg or
more daily with or without anti-viral drugs within 10 d
after the diagnosis of severe disease (“early high-dose”
group) and 11 patients were either treated more than 10 d
or untreated with corticosteroids (“non-early high-dose”
group).
RESULTS: Mean age, male-to-female ratio, mean
prothrombin time (PT) activity, alanine transaminase (ALT)
level, total bilirubin level, positivity of HBeAg, mean IgMHBc titer, and mean HBV DNA polymerase activity did not
differ between the two groups. Ten of 11 patients of the
“early high-dose” group survived, while only 2 of 11
patients of the “non-early high-dose” group survived
(P<0.001). During the first 2 wk after the introduction of
corticosteroids, improvements in PT activities and total
bilirubin levels were observed in the “early high-dose”
group. Both ALT levels and HBV DNA polymerase levels

CONCLUSION: The introduction of high-dose corticosteroid
can reverse deterioration in patients with “clinically lifethreatening” severe exacerbation of chronic hepatitis B,
when used in the early stage of illness.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Immunosuppressive therapy
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therapy for the recovery of patients with “life-threatening”
severe exacerbation of chronic hepatitis B. World J
Gastroenterol 2005; 11(8): 1109-1114

INTRODUCTION
It is well recognized that exacerbation of hepatitis B may
occur in chronic hepatitis B virus (HBV) carriers spontaneously
or in relation to cytotoxic or immunosuppressive therapy. A
clinical picture of acute hepatitis, and even severe exacerbation,
sometimes fulminant hepatic failure, may develop and is
associated with high mortality[1]. In a retrospective survey
in Japan, a 53% incidence of severe hepatitis with a 24%
mortality rate (mortality rate of 45% in severe hepatitis) is
reported in relation to chemotherapy in HBV carriers with
hematologic malignancies[2]. For the treatment of patients
with severe exacerbation without malignancies who progressed
to serious deterioration, liver transplantation may be
considered. However, the problems of the shortage of
donor- livers and the high cost of liver transplantation still
remain in Japan. Thus, therapies other than transplantation
must be further investigated for the hepatitis B patients
with severe exacerbation.
In HBV infection, liver injury is considered to be induced
mainly by CTL-mediated cytolytic pathways of infected
hepatocytes[3]. Examination of B and T lymphocyte functions
in patients with chronic hepatitis B revealed that serum
alanine transaminase (ALT) level is closely correlated with
suppressor T lymphocyte activity[4]. Sjogren et al[5] suggested
that corticosteroids modulate the activity of chronic hepatitis
B by suppressing the host-immune response to HBV antigens.
Nouri-Aria et al[6] have shown the defects in suppressor T
lymphocyte activity in chronic hepatitis B. Therefore, it must
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be reasonable to treat chronic hepatitis B patients with
corticosteroids in order to inhibit excessive immune response
and prevent cytolysis of infected hepatocytes.
Corticosteroids have been used in the treatment of
chronic active hepatitis B since the 1970s. However, in
recent years corticosteroids have not been used for the
routine management of chronic hepatitis B since the
advantage of their use was not confirmed by control studies.
For example, Lam et al[7] reported that long-term low-dose
prednisolone treatment delays remission and increases
relapse, complications, and death in a pair-randomized study,
indicating that prednisolone has a deleterious effect on
chronic active hepatitis B. Hoofnagle et al [8] showed that
4 wk of pre-dnisolone treatment produces no benefit in
patients with chronic hepatitis B and is even harmful because
of worsening of histopathological features. Scullard et al[9]
showed that immunosuppressive therapy has a potentiating
effect on hepatitis B viral replication in patients with chronic
active hepatitis. However, these studies mainly dealt with
cases of clinically “non-severe” hepatitis that is not urgently
life-threatening and the effects of corticosteroid treatment
for “potentially life-threatening” severe exacerbation of
chronic hepatitis B as well as the timing and dose of
treatment have not been well demonstrated. Lau et al [10]
reported that the re-introduction of long-term high-dose
corticosteroids in the early phase of reactivation after the
withdrawal of immunosuppressive therapy prevents both
progressive clinical deterioration and the potential need for
orthotopic liver transplantation.
In this study, we investigated the clinicopathological
features of chronic hepatitis B patients with severe exacerbation
selected by uniform criteria, and treated with early introduction
or reintroduction of sufficient doses of corticosteroids, in
order to clarify the benefits and limitations of the effects
of corticosteroids for amelioration of clinically severe
exacerbation of chronic hepatitis B.

MATERIALS AND METHODS
Patients
Twenty-two chronic hepatitis B patients with severe
exacerbation, who were admitted to our liver unit (Chiba
University Hospital and related hospitals) during the last
decade, were studied. The diagnosis of chronic hepatitis B
viral carriers was made, based on either the positivity of
hepatitis B surface antigen (HBsAg) for at least 6 mo before
entry, or the positivity of hepatitis B surface antigen, antihepatitis B core antibody (HBcAb) at high titer and negativity
or low titer of IgM anti-hepatitis B core antibody (IgMHBc) in patients with follow-up periods less than 6 mo
before entry. The patients, fulfilling the following three
criteria during the course, were defined as having severe
exacerbation: prothrombin time (PT) activity less than
60% of normal control, total bilirubin (T-bili) greater than
3.0 mg/dL, and ALT greater than 300 IU/L. All patients
had a poor general condition, manifested as general malaise,
fatigue, jaundice, edema, ascites and encephalopathy.
Histological examination was performed in the convalescent
phase or after death in 16 patients.
All patients were negative for IgM anti-HAV antibody,
anti-hepatitis D antibody, anti-HCV antibody, HCV RNA,
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IgM anti-Epstein-Barr virus antibody (IgM-EBV), IgM antiherpes simplex virus antibody (IgM-HSV), IgM anticytomegalovirus antibody (IgM-CMV), anti-nuclear antibody,
anti-smooth muscle antibody, liver kidney microsomal
antibody-1 and anti-mitochondrial antibody. Patients with
a history of recent exposure to drugs and chemical agents
and histories of recent heavy alcohol in-take were ruled
out. None of the patients had clinical and laboratory
evidence of acquired immune deficiency syndrome.
Protocols for treatment
Eleven patients were treated with “early high-dose” of
corticosteroids (Table 1). Informed consent was obtained
from patients or their appropriate family members.
Corticosteroids, 60 mg or more prednisolone daily, was
administered within 10 d after the diagnosis of severe disease
using the above-mentioned criteria. The dosage of
prednisolone was maintained at least for 4 d. When the
patients showed a trend toward remission in PT[11], the dosage
was reduced by 10 mg at least every 4 d to 30 mg. Then,
the dosage was reduced by 2.5 or 5 mg every 2 wk or
longer, depending on the decreasing trend of the ALT level.
The remaining 11 patients were not treated with “early
high-dose” corticosteroids (Table 1), because it was already
10 d before they were admitted to our unit.
Two patients (patients 1 and 17) with marked prolongation
of PT were treated with 1 000 mg of methylprednisolone
daily for 3 d followed by the same pre-dnisolone therapy as
described above. Two patients with deep hepatic coma at
admission (patients 12 and 17) were treated with a combination
therapy of corticosteroid and interferon. Interferon- was
administered at 3 million units/d. Afterwards, lamivudine,
a nucleoside analogue with significant inhibition of HBV
DNA polymerase, which could be used safely in patients
with severe disease[12-17] was administered, in addition to
prednisolone, at a daily dose of 150 mg in 3 patients, 2 in
the “early high-dose” group (patients 6 and 7) and 1 in the
“non-early high-dose” group (patient 14).
Four patients were treated with intravenous glycyrrhizin
(stronger neominophagen C) at 60 mL/d, an aqueous extract
of licorice root which is reported to have anti-inflammatory
activity and has been used for the treatment of chronic
viral hepatitis in Japan[18].
Serological markers
HBsAg, hepatitis B e antigen (HBeAg), anti-HBe antibody
(HBeAb), HBcAb, IgM-HBc, IgM anti-HAV antibody, and
anti-hepatitis D antibody were detected by commercial
radioimmunoassay (Abbott Laboratories, Chicago, IL), and
HCV RNA was measured by nested RT-PCR[19]. The second
generation of anti-HCV anti-body was measured by enzyme
immunoassay (Ortho Diagnostics, Tokyo, Japan). IgM-EBV,
IgM-CMV, and IgM-HSV were examined by enzyme-linked
immunosorbent assays. Anti-nuclear antibody, anti-smooth
muscle antibody, anti-mitochondrial antibody, and anti-liver
kidney microsomal-1 antibody were detected by fluorescent
antibody method. HBV DNA polymerase was assayed
according to the method of Kaplan et al [20] . HBV DNA
level was measured by hybridization assay (Abbott) or
branched DNA hybridization assay (Chiron, Emeryville, CA).
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Table 1 Clinical features of patients
Pt

Age (yr)

Sex

Therapy
drug

Duration (d)1

Condition

History of immunosuppresive
or cytotoxic therapy

Outcome

+
-

Death
Recovery

Patients who received early introduction of high-dose corticosteroids
1.
2.

27
36

M
M

MPSL/PSL
PSL

1
2

Ulcerative colitis

3.

41

F

PSL

3

-

Recovery

4.

27

M

PSL

4

-

Recovery

5.
6.

41
33

F
M

PSL
PSL+Lam

4
4

Schizophrenia

-

Recovery
Recovery

7.

68

F

PSL+Lam

4

Non-Hodgkin’s lymphoma

8.

56

M

PSL

5

9.
10.

57
39

F
M

PSL
PSL

5
5

11.

43

M

PSL

10

Acute lymphocytic leukemia

+

Recovery

-

Recovery

+

Recovery
Recovery

-

Recovery

Patients who did not receive early introduction of high-dose corticosteroids
12.
13.

49
59

F
F

PSL+IFN
PSL

14
14

Non-Hodgkin’s lymphoma

+
-

Death
Death

14.

47

M

PSL+Lam

14

Ulcerative colitis

+

Death

15.

58

M

PSL

15

-

Death

16.
17.

59
36

M
F

PSL
MPSL/PSL+IFN

17
28

Breast cancer

+

Death
Death

18.

68

F

PSL

120

Pemphigoid

+

Death

19.

41

M

glycyrrhizin

-

Recovery

20.
21.

55
59

M
M

glycyrrhizin
glycyrrhizin

-

Recovery
Death

22.

28

M

glycyrrhizin

-

Death

Mental retardation

PSL: prednisolone, MPSL: methylprednisolone, IFN: interferon, Lam: lamivudine. 1 Duration between the diagnosis of severe disease and introduction of
immunosuppressive drugs.

Statistical analysis
Differences among the groups were compared by Fisher’s
exact probability test, Student’s t and Welch’s t.

immunosuppressive drugs was 4.3±2.3 d in the “early highdose” group, and 31.7±39.3 d in the “non-early high-dose”
group (P = 0.11).

RESULTS
Clinicopathological features of severe chronic hepatitis B
patients at admission
Of the 22 patients fulfilling the criteria of “severe”
exacerbation, 14 were men and 8 women. The mean age at
the time of admission was 46.7±12.9 years. HBeAg/HBeAb
status was +/- in 7, -/+ in 12, +/+ in 2, and -/- in 1. Seven
patients had primary diseases (2 non-Hodgkin’s lymphoma,
2 ulcerative colitis, 1 acute lymphocytic leukemia, 1 breast
cancer, and 1 pemphigoid), and all 7 had been treated
with immunosuppressive or cytotoxic drugs, suffering
exacerbations after their withdrawal. Two patients had
primary conditions, 1 with schizophrenia, and the other with
mental retardation. Eleven patients were treated with “early
high-dose” corticosteroids and 11 were not. The clinical,
biochemical, and histological features of all patients at
admission are provided in Tables 1 and 2.
The clinicopathological features of the “early high-dose”
and “non-early high-dose” groups of patients at admission
stage were compared (Table 2). There were no differences
in mean age, male-to-female ratio, mean PT activity, mean
ALT level, mean T-bili level, positivity of HBeAg, mean
IgM-HBc titer and HBV DNA polymerase activity between
two groups. Serum HBV DNA was positive in 4 of 7 “early
high-dose” patients and in 4 of 8 “non-early high-dose”
patients. The duration between the diagnosis of severe
exacerbation and the introduction of corticosteroids or

Responses to corticosteroids and clinical outcomes
Ten of 11 patients were alive and well after treatment in
the “early high-dose” group. Ten alive patients were free of
hepatic encephalopathy during the course. One patient died
of sepsis. In the “non-early high-dose” group, 2 patients
recovered and 9 patients died (P<0.001). Eight patients died
of hepatic failure and 1 (patient 22) of sepsis. Two patients
(patients 12 and 17) had deep coma at admission, and neither
responded to therapies including artificial liver support such
as plasma exchange and hemodiafiltration. None of the
remaining 9 patients had encephalopathy at admission, but
7 of them failed to respond to therapies and gradually
developed hepatic failure.
Changes in PT activities, ALT levels, T-bili levels, and
HBV DNA polymerase activities after the introduction of
corticosteroid therapy are shown in Figure 1. Improvement
of PT activities was found in all but one (patient 7) of the
“early high-dose” group. In patient 7 treated with
corticosteroid and lamivudine, PT activities fluctuated and
improvement was delayed by some months (Figure 2). In
the “non-early high-dose” group, improved PT activities
were obtained in 2 patients but not in the others, although
some of them showed transient rise after infusions of fresh
frozen plasma. The elevation of PT activities in the first
2 wk was significant (P = 0.006) in the “early high-dose” group,
but not in the “non-early high-dose” group (Figure 1A).
The ALT levels fell in all 22 patients during the course,
with the decline in the first 2 wk being significant (P<0.001)
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Figure 1 Prothrombin time activities (A), alanine transaminase levels (B), total bilirubin levels (C), and HBV DNA polymerase activities (D)
before and after the administration of corticosteroids in 11 “early high-dose” and 11 “non-early high-dose” patients. Thick and thin lines
denote those of “early high-dose” and “non-early high-dose”, respectively. A: The mean activity at each point was 41±13, 77±23 and 81±19%
in “early high-dose” and 29±13, 37±22 and 32±32% in “non-early high-dose”, respectively. 1 Statistically significant (P = 0.006); B: The mean
level at each point was 976±990, 225±200 and 100±53 IU/L in “early high-dose” and 816±1 072, 191±292 and 97±67 IU/L in “non-early
high-dose”, respectively. 2Statistically significant (P<0.001); C: The mean activity at each point was 6.7±4.3, 3.8±4.4 and 1.5±0.7 mg/dL in
“early high-dose” and 12.8±6.8, 14.2±8.3 and 22.2±14.9 mg/dL in “non-early high-dose”, respectively; D: The mean level at each point was
2 325±3 879 and 1 282±3 022 cpm in “early high-dose”, and 6 866±1 6981 and 44±86 cpm in “non-early high-dose”, respectively.

A

B

Lamivudine (150 mg/d)
PSL (mg/d)

C

60
PSL (mg/d) 40
20

60
40
20

HBeAg
HBV DNA polymerase (cpm) 0 6788 6425

8

12

0

HBeAg
+ HBV DNA polymerase (cpm) 1671

999

+
25

PSL

+

Lamivudine (150 mg/d)
60
PSL (mg/d) 40
20

HBeAg
HBV DNA polymerase (cpm)
12 735
HBV
DNA
3 800
(Meq/mL)

V

CHOP

Coma

↓↓↓↓

T-bili
ALT PT
(mg/dL) (IU/L) (%)
4

12 230 197
1 400 150

T-bili
ALT PT
(mg/dL) (IU/L) (%)
20

1 000 100

2 000 100

T-bili
ALT PT
(mg/dL) (IU/L) (%)
30

I
PSL 20mg 6-MP 30 mg

700 100

3
60
2

20

60
10

500

500
60

1 000

40

300

40

40

10
1
100
0

0

0

0

1

5
In our unit

10 (mo)

0

0

1
2
3
4 (mo)
Admission to our unit

0

0

0
123456
10
11 (mo)
Admission to our unit

Figure 2 Clinical courses of patient 7 (A), patient 4 (B), and patient 14 (C). A: Clinical course of a 68-year-old female patient (patient 7). She
suffered from non-Hodgkin’s lymphoma and was found to be an HBV carrier with normal ALT, anti-HBe and no HBV DNA polymerase activity.
After four cycles of chemotherapy (CHOP therapy), hematologic examination of her bone marrow showed complete remission, but reactivation of HBV occurred. High-dose corticosteroid was administered in combination with lamivudine because her serum HBV DNA titer was high.
She gradually responded to the therapy. Thick solid, thin solid and dashed lines denote prothrombin time (PT), alanine transaminase (ALT)
and total bilirubin (T-bili), respectively; B: Clinical course of a 27-year-old male patient (patient 4). He had natural reactivation of chronic
hepatitis B and responded to corticosteroid therapy with transient HBeAg seroconversion; C: Clinical course of a 47-year-old male patient
(patient 14). He suffered from chronic hepatitis B with anti-HBe and ulcerative colitis. He had HBV reactivation and convalesced spontaneously after the withdrawal of prednisolone. Six months later, he had repeated reactivation of HBV with marked prolonged PT and high level
of viremia after the withdrawal of 6-mercaptopurine for ulcerative colitis, and was treated with corticosteroid and lamivudine, but did not
respond to the combination therapy.
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Table 2 Biochemical and histological features of patients at admission
Pt

PT
(%)

ALT
(IU/L)

T-bili
(mg/dL)

HBeAg/HBeAb

IgM-HBc
(cut-off index)

Patients who received early introduction of high-dose corticosteroids
1.
16
1 698
9.5
-/+
2.
31
2 689
3.0
+/3.
57
474
15.2
-/+
4.
37
495
12.0
+/5.
37
155
8.0
-/6.
56
2 080
4.2
+/+
7.
57
167
3.1
-/+
8.
37
2 257
3.7
-/+
9.
34
224
7.3
+/10.
56
399
3.8
-/+
11.
46
101
6.4
-/+
Patients who did not receive early introduction of high-dose corticosteroids
12.
29
254
12.6
-/+
13.
34
2 643
19.3
+/14.
32
240
2.9
-/+
15.
28
228
13.3
-/+
16.
29
150
13.3
-/+
17.
19
549
11.1
+/18.
28
954
6.3
-/+
19.
59
214
12.9
+/+
20.
38
3 620
7.7
-/+
21.
33
164
8.9
+/22.
21
49
8.0
+/-

HBV DNA
polymerase (cpm)

HBV DNA
(Meq/mL)

Liver histology

2.6
0.3
0.2
0.3
0.5
1.8
ND
2.3
1.4
3.7
0.3

10
3 517
50
999
ND
595
6 425
28
25
11 600
10

ND
ND
<0.70
920 pg/mL
1+
<0.70
ND
20
1.2
ND
<0.70

ND
ND
ND
CAH (F2, severe)
ND
CAH (F2, severe)
ND
CAH (F3, severe)
ND
Submassive necrosis
LC, submassive necrosis

1.1
1.6
0.5
3.3
0.2
7.6
ND
0.4
0.2
ND
1.0

0
0
12 735
16
53 856
2
ND
5
0
7 576
0

<0.70
<0.70
3 800
1.1
>10 000
1.9
ND
ND
<0.70
ND
<0.70

ND
ND
ND
Submassive necrosis
Submassive necrosis
LC, submassive necrosis
Submassive necrosis
CAH (F3, moderate)
CAH (F3, moderate)
LC, submassive necrosis
Submassive necrosis

CAH: chronic active hepatitis; LC: liver cirrhosis; ND: not done.

in both groups (Figure 1B). T-bili levels fell during the course
in the “early high-dose” group, but rose in the “non-early
high-dose” group (Figure 1C). HBV DNA polymerase
activities fell in all the patients examined (Figure 1D). These
results might indicate that the “early high-dose” introduction
of corticosteroids could suppress the host immunologic
reaction to HBV and inhibit significant liver cell degeneration.
Liver histology of 5 “early high-dose” patients showed
submassive necrosis in 1, liver cirrhosis with submassive
necrosis in 1, chronic hepatitis (F2, severe) in 2, and chronic
hepatitis (F3, severe) in 1. Liver histology of 8 “non-early
high-dose” patients showed submassive necrosis in 4, liver
cirrhosis with submassive necrosis in 2, and chronic hepatitis
(F3, moderate) in 2 (Table 2).

DISCUSSION
The prognosis of severe exacerbation of chronic hepatitis
B is poor if signs of liver failure appear[1,2,21]. The mortality
rate of chronic hepatitis B patients with severe exacerbation
related to chemotherapy is reported to be 45% from Japan[2],
and 60% from Slovenia [21] . If effective therapeutic
approaches are available, they must be beneficial for these
patients. In the current study, only one of the 11 (9%)
“early high-dose” corticosteroid-treated patients died,
whereas 9 of 11 (82%) “non-early high-dose” patients died
(P<0.001), suggesting that “early high-dose” corticosteroid
treatment is beneficial for clinically severe exacerbation of
chronic hepatitis B. Representatively, clinical course of one
patient (patient 4) who recovered after treatment with only
corticosteroid is demonstrated in Figure 2B.
Regarding the timing of corticosteroid treatment,
Gregory et al[22] reported that methyl prednisolone cannot
enhance survival in patients with severe “acute” viral hepatitis
when used later, but they conceived that steroid would have

likely proved beneficial if treatment had started “much
earlier”. Actually, in our study, all the 7 patients died when
high-dose corticosteroid was given more than 10 d after
the diagnosis of severe disease, indicating the importance
of the “early” usage of corticosteroid. When the start of
treatment is delayed, quite a large number of hepatocytes
would probably already have been destroyed and inhibition
of the inflammatory reaction would not be effective.
Regarding the corticosteroid dosage, Schalm et al [23]
demonstrated that histologically severe chronic active
hepatitis B patients failing treatment with conventional doses
of prednisone often improved with higher doses, suggesting
that higher doses of steroid might be more efficacious. One
of the reasons, for not using corticosteroids in the treatment
of chronic hepatitis B, is that it might enhance the replication
of HBV through a steroid-responsive element in the HBV
genome[24]. In our study, serum HBV DNA at admission
was negative in about half of our patients. Moreover, none
of the patients, given high doses of corticosteroids, showed
increments of HBV. Because of the rapid and aggressive
immune clearance of virus-infected hepatocytes by CTLmediated cytolytic pathways, patients developing a rapid
course of liver- failure might not show evidence of HBV
replication during the short-term observation period of the
present study.
Our results indicate the importance of immunosuppressive
therapy for preventing the progression of liver failure. If
HBV proteins are not produced in hepatocytes, CTL will
not recognize and destroy the HBV-infected hepatocytes.
Therefore, suppression of the production of HBV-related
proteins by preventing HBV replication must also be
important in the treatment of severe exacerbation of
chronic hepatitis B.
In a couple of cases, we administered lamivudine, an
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antiviral agent, in combination with corticosteroids.
Lamivudine is a nucleoside analogue that has recently been
used for the treatment of chronic hepatitis B, demonstrating
a strong inhibitory effect on HBV replication. Several recent
studies have reported that lamivudine appears to be effective
in advanced and decompensated chronic liver disease and
acute hepatic failure due to hepatitis B[12-17] . Therefore,
lamivudine may be effective in the treatment of severe
exacerbation of chronic hepatitis B.
With the administration of lamivudine, HBV DNA is
reduced rapidly, but the improvement in liver-function is
delayed by a few weeks to a few months[14] . During the
time- lag phase, excessive immunological reaction may
continue and liver cell injury may progress. We observed in
a patient (patient 7) who needed more than 3 mo before the
improvement of liver function became evident (Figure 2A),
and a patient (patient 14) who died despite the usage of
lamivudine (Figure 2C). The latter patient was an asymptomatic
carrier of HBV with anti-HBe, and severe exacerbation of
hepatitis occurred after the withdrawal of immunosuppressive
drugs for ulcerative colitis. When admitted to our hospital,
PT was already markedly prolonged (Figure 2C). It seems
that anti-viral therapy is not enough to stop progressive
deterioration, and additional therapy to suppress liver cell
degeneration may be required. Combination treatment with
“early high-dose” corticosteroids and lamivudine might be
effective in suppressing the excessive host immune response
in the early period. Additionally, lamivudine may make it
possible to shorten the term of corticosteroid therapy. The
efficacy of this combination therapy needs to be examined
as soon as possible.
In summary, our study demonstrates that the early
introduction of high-dose corticosteroid treatment is useful
for “clinically severe” acute exacerbation of chronic hepatitis
B; we did not include placebo-controlled patients, considering
the current knowledge of the poor prognosis of such patients.
The combination of corticosteroids with lamivudine may
be a beneficial option for the treatment of such patients.
Nevertheless, delay in the treatment may result in fatal liverfailure even though these treatment protocols are used,
suggesting the requirement of early diagnosis of such patients,
at the first sign of a biochemical trend of liver failure, before
the appearance of clinical symptoms.
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Abstract
AIM: To assess the effect of non-selective ETA/B (LU 302872)
and selective ETA (LU 302146) antagonist on pancreatic
histology and ultrastructure of acinar cells in connection
with trypsinogen activation in early caerulein-induced AP.
METHODS: Male Wistar rats with caerulein-induced AP,
lasting 4 h, were treated i.p. with 10 and 20 mg/kg b.w.
of each antagonist. Edema, inflammatory infiltration,
necrosis and vacuolization of acinar cells in the pancreas
were scored at 0-3 scale. Free active trypsin (FAT), total
potential trypsin (TPT) after activation with enterokinase,
and index of trypsinogen activation (%FAT/TPT) were
assayed in pancreatic homogenates.
RESULTS: In untreated AP, the edema, inflammatory
infiltration, necrosis and vacuolization increased as
compared to control healthy rats (P<0.01). None of the
treatment exerted any meaningful effect on the edema
and inflammatory infiltration. The selective antagonist
increased slightly the necrosis score to 0.82±0.06 at higher
dose (P<0.05) vs 0.58±0.06 in untreated AP. The nonselective antagonist increased slightly the vacuolization
score to 2.41±0.07 at higher dose (P<0.01) vs 1.88±0.08
in untreated AP. The decrease in the number of zymogen
granules, disorganization of endoplasmic reticulum,
autophagosomes and cytoplasmic vacuoles were more
prominent in treated AP than in untreated AP groups.
%FAT/TPT in untreated AP increased about four times
(18.4±3.8 vs 4.8±1.3 in control group without AP, P<0.001).
Treatment of AP with both antagonists did not affect
significantly augmented trypsinogen activation.
CONCLUSION: The treatment with endothelin-1 receptors

(non-selective ETA/B and selective ETA) antagonists has
essential effect neither on the edema and inflammatory
infiltration nor on trypsinogen activation observed in the
early course of caerulein-induced AP. Nevertheless a slight
increase of the necrosis and vacuolization score and some
of the ultrastructural data could suggest the possibility of
their undesired effects in caerulein-induced AP at
investigated doses.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The role of endothelin-1 (ET-1), as a potent vasoconstrictor
polypeptide, and its receptor antagonists in acute pancreatitis
(AP) has been an intensively studied issue recently. The
experimental studies have brought varied results and evoked
a number of controversies. In many experiments, the
application of selective and non-selective ET-1 receptor A and
B antagonists caused a significant improvement in pancreatic
capillary blood flow, a decrease in capillary permeability
and a reduction in leukocyte rolling in mild and severe AP[1-5].
A beneficial effect of the ET-1 receptor antagonists was also
evidenced by less pronounced morphological changes in
AP, including necrosis and vacuolization of acinar cells,
hemorrhagic changes and granulocytic infiltration of
pancreatic parenchyma[3,6-9]. Foitzik et al[10] found a considerable
drop in the mortality rate of rats after the application of
the selective ET-1 receptor A antagonist, LU 135252, in
severe AP.
However, not all researchers have confirmed the
beneficial effects of ET-1 receptor antagonists in AP. The
results of Martignoni et al[11] clearly indicated that selective
ET-1 receptor A (ETA) antagonist (LU 135252) did not
decrease but showed a tendency to increase mortality in
animals with taurocholate-induced pancreatitis. A study by
Fiedler et al [12] revealed no effect of non-selective ET-1
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receptor A and B (ETA/B) antagonist, bosentan, on the
survival rate of rats or on the morphological and biochemical
changes in severe taurocholate AP. Todd et al [9] observed
no decrease in the mortality rate of animals in acute
hemorrhagic pancreatitis after the application of non-selective
ET-1 receptor A and B antagonist PD 145065, despite
decreased severity of inflammation. Also recent studies have
not confirmed the advantageous effect of non-selective
(ETA/B) and selective (ETA) blockade in necrotic or edematous
AP[11].
On the other hand, Kogire et al [13] found a significant
improvement in the course of caerulein-induced pancreatitis
following systemic infusion of ET-1 by evaluating serum
-amylase level, dry/wet weight ratio, and histological
changes. In contrast, endothelin receptor blockade with BQ
123, a potent selective ETA receptor antagonist, augmented
pancreatic edema and the extent of inflammatory cell
infiltration. The above data indicate that the role of ET-1
and ET-1 receptors antagonists in AP remains controversial
and not fully elucidated.
Therefore, the aim of the present study was to evaluate
and compare the effect of non-selective ET-1 A and B
receptors (ETA/B) antagonist, LU 302872, and selective
receptor A (ETA) antagonist, LU 302146, on the morphological
and ultrastructural changes and trypsinogen activation in
the pancreas in early caerulein-induced edematous, AP in rats.

time as the first injection of caerulein (n = 6).
Group 4. Rats with caerulein-induced AP treated with
LU 302872 at a dose of 20 mg/kg b.w., i.p. given at the
beginning of the experiment, at the same time as the first
injection of caerulein (n = 6).
Group 5. Rats with caerulein-induced AP treated with
selective ET-1 A receptor antagonist LU 302146 (ETA
antagonist), at a dose of 10 mg/kg b.w. i.p., at the beginning
of the experiment, at the same time as the first injection of
caerulein (n = 6).
Group 6. Rats with caerulein-induced AP treated with
LU 302146, at a dose of 20 mg/kg b.w. i.p., at the beginning
of the experiment, at the same time as the first injection of
caerulein (n = 6).
The volume of saline as a vehiculum was equilibrated
in all groups to 2×2 mL/kg b.w. The ET-1 receptor
antagonists were generously donated by Knoll AG,
Ludwigshafen, Germany (Dr. M. Kirchengast).
The animals were killed by quick decapitation after 4 h
after the first injection of caerulein, in general anesthesia
induced with i.p. ketamine 40 mg/kg b.w. and pentobarbital
20 mg/kg b.w. The pancreases were quickly excised, freed
from the peripancreatic tissues and weighed. The specimens
for histological and ultrastructural examinations were taken.
The remaining portion of the pancreas was processed for
biochemical assays.

MATERIALS AND METHODS
Animals
The experiments were carried out on 40 male Wistar rats,
240-280 g of body weight, housed individually in wire
bottomed cages, at a room temperature of 21±1 ℃ using
a 12-h light-dark cycle. They were fed with a laboratory
chow diet and fasted overnight, before the experiment,
with free access to water. Care was provided in accordance
with the current procedures for the care and use of
laboratory animals. The protocol has been approved by the
local Bioethical Commission.

Histological examination
The representative specimen of the pancreatic tissue from
each rat was fixed in 10% neutral-buffered formalin.
Sections of the samples were stained with H&E and
examined under light microscope at ×200 magnification intermediate power field (IPF) by a blinded observer in a
hundred fields from each group. Histological changes were
evaluated according to Kyogoku et al[15]. Interstitial edema
was scored as follows: 0 = absent, 1 = expanded interlobular
septa, 2 = expanded intralobular septa, 3 = separated
individual acini. Polymorphonuclear neutrophils (PMNs)
infiltration was scored as 0 = absent, 1 = less than 20 PMNs
per IPF, 2 = 20-50 PMNs per IPF and 3 = more than 50
PMNs per IPF. Parenchymal necrosis was scored as the
percentage involvement of the examined area: 0 = absent,
1 = less than 5% IPF, 2 = 5-20% IPF, 3 = more than 20%
IPF. The grading of vacuolization was based on the
percentage of acinar cells with cytoplasmic vacuoles per
IPF: 0 = absent, 1 = less than 20%, 2 = 20-50%, 3 = more
than 50%. Hemorrhagic changes were absent and therefore
not scored.

Induction of acute pancreatitis
Acute pancreatitis was induced according to the method of
Yamaguchi et al [14] . The rats were injected with caerulein
(Sigma Chemical Co., St. Louis, MO, USA) at a dose of
40 g/kg of body weight intraperitoneally (i.p.) twice, at 1 h
interval. In control rats, only vehiculum of caerulein (saline
solution) was given i.p. In the treated rats, the solution of
respective ET-1 receptor antagonist in vehiculum was given
i.p. simultaneously with the first injection of caerulein.
Experimental design
Rats were subdivided into six groups as follows:
Group 1. Control group (C), received only saline solution
i.p. at 0 and 1 h (n = 6).
Group 2. Rats with untreated caerulein-induced AP, received
only saline solution i.p. as in the control group (n = 10).
Group 3. Rats with caerulein-induced AP treated with
the non-selective antagonist of ET-1 A and B receptors:
LU 302872 (ETA/B antagonist) at a dose of 10 mg/kg b.w.
i.p. given at the beginning of the experiment , at the same

Ultrastructural examination
Small specimens (about 1 mm3) of pancreatic tissue (three
from each animal) were immediately fixed in 3.6%
glutaraldehyde in 0.1 mol/L cacodylate buffer (pH 7.4)
for 3 h and after washing in a buffer, postfixed in 2% osmium
tetroxide for 1 h. The samples were dehydrated in alcohol
and propylene oxide and then embedded in Epon 812. The
ultrathin sections were cut from each block on a Reichert
ultramicrotome, stained with lead citrate and uranyl acetate,
and studied under an Opton 900 PC transmission electron
microscope field by field. Fifty to 60 electron micrographs
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of the most characteristic changes from each group were
made. The determination of pathology was made blind.
Biochemical assays
The remaining pancreatic tissue was homogenized in icecold four volumes of 50 mmol/L Tris-HCl buffer (pH 8.0),
containing nonorganic detergent Triton X-100, 5 mL/L
during 1 min by three full up and down strokes using a
motor-driven glass-Teflon homogenizer (Thomas
Scientific, Swedesboro, NJ, USA) cooled with ice. The
resulting homogenate was sonified for 20 s in an ice bath
using Vibra cell, model VC 50, Sonics and Materials Inc.,
Danbury, CT (frequency 20 kHz and amplitude 70). The
volumes were then adjusted giving 10% homogenates
placed on ice.
Free active trypsin (FAT) and total potential trypsin (TPT)
in whole homogenate were assayed according to Yamaguchi
et al[14] with the exception that N-p-tosyl-L-arginine methyl
ester hydrochloride (TAME) 1 mmol/L was used as a substrate
and the absorbance of released product was estimated at
247 nm wave length in an automatic spectrophotometer
Pye Unicam SP 505 (Cambridge, UK), as in our previous
studies[16, 17].
TPT in whole homogenate was estimated after the
activation of trypsinogen with enterokinase in 1:1 dilution
in 50 mmoL Tris-HCl buffer, pH 8.0 for 30 min at 37 ℃.
The freshly prepared working solution of enterokinase
contained 2 mg of enzyme/mL of the same buffer. The
time of activation proved to be sufficient for complete
activation. The activity was expressed in g of trypsin/mg
of protein by comparison with the calibration curve of
increasing concentrations of bovine trypsin, type I. The
%FAT/TPT ratio served as an index of trypsinogen
activation[14].
All reagents for biochemical assays were purchased from
Sigma Chemical Co., St. Louis, MO, USA.
Statistical analysis
Histologic data were expressed as the range of the scores
and mean±SE and compared using non-parametric tests:
the Mann-Whitney for two groups and the Kruskal-Wallis
for multiple groups. The results of biochemical assays were
reported as mean±SE and after performing an F test for
the equality of variances, the means were compared using
the t test for unpaired data. The differences with P<0.05
were considered statistically significant. SPSS 8.OPL
statistical program was used (SPSS Inc., Chicago, IL).

RESULTS
Light microscopy
The microscopic picture of the pancreas in the control group
(C) showed only negligible swelling of pancreatic interstitial
tissue with the presence of single neutrophils. Rats with
untreated AP displayed moderate edema and inflammatory
infiltration of neutrophils. Moreover, a necrosis of some
of the acinar cells and their marked vacuolization were
found. The changes in all AP animals were significantly more
pronounced (P<0.001) than in healthy animals. Assuming
the increase of score from 0 to 3 points as 100%, the
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treatment of AP with ET-1 receptor antagonists did not
reduce the pancreatic edema and even a slight increase
(<10%) of its score after higher dose of non-selective ETA/B
receptor antagonist was noted. Only slight reduction of
PMNs infiltration (<10%) after higher dose of the selective
antagonist compared to untreated AP or treated with the
non-selective antagonist was noted. The necrosis of acinar
cells was slightly more pronounced (6-13%) after the
application of both doses of the selective receptor A
antagonist than in the untreated group or in the groups
treated with both doses of non-selective ETA/B antagonist.
Mean vacuolization score was slightly increased after both
doses of non-selective (12-18%) and after higher dose of
selective ET-1 receptors antagonists (10%) as compared to
untreated AP. The mean scores of histological changes are
reported in Table 1.

Table 1 Histological changes in the pancreas of rats with caeruleininduced acute pancreatitis (AP) in comparison to control group (C),
SE range of scores in brackets
No.
1

Group

Edema PMNs infiltration Necrosis

Vacuolization

Control (C)

(0–1)

(0–1)

(0)

(0–1)

(n = 6)

0.12±0.03

0.06±0.02

0.00±0.00

0.08±0.03

(1–3)
2.04±0.07b

(0–3)
1.61±0.08b

(0–2)
0.58±0.06b

(1–3)
1.88±0.08b

2 Untreated AP
(n = 10)
3 AP + LU 302872
10 mg/kg (n = 6)
4 AP + LU 302872
20 mg/kg (n = 6)
5 AP + LU 302146

(1–3)

(0–3)

(0–1)

(1–3)

2.02±0.07 b

1.66±0.07 b

0.48±0.05b

2.24±0.08b,d

(1–3)
(0–3)
2.30±0.06b,d,h 1.68±0.08 b

(0–2)
0.50±0.05b

(1–3)
2.41±0.07b,d

(0–2)

(1–3)

(0–3)

(0–3)

10 mg/kg (n = 6)

1.96±0.09 b

1.43±0.09b,e

0.86±0.07b,d,f 1.91±0.09b,f

6 AP + LU 302146
20 mg/kg (n = 6)

(0–3)
2.14±0.07b

(0–3)
1.41±0.07b,c,e

(0–2)
0.82±0.06b,d,f

(1–3)
2.19±0.07b,d,e,g

LU 302872 (non-selective ET-1 receptor A and B antagonist) or LU 302146
(selective ET-1 receptor A antagonist) were given i.p. at the indicated dosage
at the beginning of the experiment, at 0 time, simultaneously with the first i.p.
injection of caerulein. Statistical significance of differences: aP<0.05, bP<0.01 vs
control cP<0.05, dP<0.01 vs AP untreated eP<0.05, fP<0.01 vs non-selective
antagonist gP<0.05, hP<0.01 vs lower dose of antagonist.

Electron microscopy
Group 1 (control group) The ultrastructural picture of acinar
cells did not show any deviations from the norm (Figure 1).
The interstitial tissue displayed slight swelling and sporadic
neutrophils and erythrocytes. Blood vessels were normal in
appearance.

Figure 1 Normal ultrastructural appearance of pancreatic acinar
cells. Control group (C). Original magnification ×3 000, bar = 2.5 m.
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Group 2 (untreated AP) Acinar cells of the pancreas
displayed features of damage of varied intensity. Many of
them had dilated, disorganized, and partially degranulated
rough endoplasmic reticulum (RER) channels (Figure 2A).
The cisternae of the Golgi apparatus were sometimes
distended and filled with flocculent material. Zymogen
granules were rare, varying in size and electron density
(Figure 2B) and frequently migrated to the basolateral parts
of the cell. Some of the mitochondria showed increased matrix
translucence and destruction of their cristae. The majority of
pancreatic acinar cells contained vacuoles, which sometimes
reached large sizes and occupied a considerable area of the
cell. Moreover, the cytoplasm contained autophagosomes with
fragments of cellular organelles or sometimes zymogen

A
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granules. A necrosis of acinar cells was only sporadically
observed.
The interstitial tissue showed marked edema and quite
numerous inflammatory cells. Some of endothelial cells were
swollen, with features of destruction of their organelles.
Groups 3 and 4 (AP treated with ETA/B antagonist) In both
groups treated with non-selective ETA/B antagonist at a dose
of 10 and 20 mg/kg, pancreatic acinar cells displayed slightly
higher degree of damage than in the untreated AP. The
cytoplasm contained quite numerous vacuoles some of
them migrated to the base of the cells as if opening to the
interstitial space (Figure 3A). These vacuoles were usually
empty or contained membranous structures. Moreover,
typical autophagous vacuoles were quite common and they

B

M

G

M

V

Figure 2 Ultrastructural changes in the pancreatic acinar cells in untreated caerulein-induced AP. A: Dilated channels of rough endoplasmic
reticulum and slightly damaged mitochondria (M) in the cytoplasm of the acinar cells. In the vicinity of nucleus, a vacuole (V) is seen. Original
magnification ×3 000, bar = 2.5 m; B: Zymogen granules of different shape and size and dilated cisternae of the Golgi apparatus (G). Original
magnification ×7 000, bar = 1.1 m.

B

A

C

V

X

IS

D

X

E
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Figure 3 Ultrastructural changes in the pancreatic acinar cells in caerulein-induced AP treated with non-selective (ET A/B ) or selective (ET A)
ET-1 receptors antagonists. A: Large vacuole (V) at the base of acinar cell opening into the interstitial space (IS). Group 3 – AP treated with
LU 302872 (ETA/B antagonist) at a dose of 10 mg/kg b.w. Original magnification ×4 400, bar=1.7 m; B: Irregular “lakes” of zymogen material
(*), large vacuoles and zymogen granules at the base of two acinar cells. Group 3 – AP treated with LU 302872 (ETA/B antagonist) at a dose of
10 mg/kg b.w. Original magnification ×3 000, bar=2.5 m; C: Concentric arrangement, vesicular transformation and disorganization of
endoplasmic reticulum. Note some phagosomes (Ph) in the cytoplasm. Group 4 – AP treated with LU 302872 (ET A/B antagonist) at a dose of
20 mg/kg b.w. Original magnification ×3 000, bar = 2.5 m; D: Total disintegration of the acinar cell – its fragments in the interstitial space
are seen. The endothelial cells (E) of capillary are swollen. Group 6 – caerulein-induced AP treated with LU 302146 (ET A antagonist) at a dose
of 20 mg/kg b.w. Original magnification ×3 000, bar = 2.5 m; E: Autophagous vacuoles containing zymogen granules, fragments of
endoplasmic reticulum and other acinar cell organelles. Group 6 – caerulein-induced AP treated with LU 302146 (ET A antagonist ) at a dose
of 20 mg/kg b.w. Original magnification ×7 000, bar = 1.1 m.
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contained RER fragments, damaged mitochondria,
sometimes zymogen granules and amorphous or membranous
structures. Zymogen granules were rare, varying in size and
electron density, sometimes fused together to form irregular
“lakes” (Figure 3B). Channels of RER were usually dilated
and showed vesicular transformation, concentric arrangement,
partial degranulation and focal total disorganization (Figure 3C).
The cisternae of the Golgi apparatus were frequently dilated.
Some mitochondria showed features of swelling. Necrosis
of acinar cells was sporadic.
The interstitial tissue displayed distinct swelling, fibrin
strands, inflammatory cells and features of damage in some
endothelial cells. Generally the ultrastructural changes were
similar after both doses of ETA/B antagonist and they were
a bit more prominent than in the untreated group with AP.
Group 5 and 6 (AP treated with ETA antagonist).
Ultrastructural changes after treatment with lower dose
of selective ETA antagonist resembled those observed in
animals treated with both doses of non-selective ETA/B
antagonist.
However, after treatment with higher dose, the
ultrastructural alterations were more pronounced. Many
acinar cells showed features of total disintegration and their
fragments could be seen in the interstitial space (Figure 3D).
The cytoplasm contained numerous vacuoles varying in size.
Zymogen granules had varied electron density, frequently
migrated to the base of the cell, and sporadically merged to
form large irregular “lakes”. Sometimes they were found in
autophagous vacuoles (Figure 3E) or were lying loosely in
the interstitial space. Changes in RER, Golgi apparatus,
mitochondria and in the interstitial tissue were similar to
those noted in the previous groups.
Trypsinogen activation index (%FAT/TPT)
In pancreatic homogenate (Table 2) in untreated AP this index
was over four times as high as in control group (P<0.01).
Treatment with non-selective ETA/B antagonist and selective
ETA antagonist at both doses did not affect significantly the
augmented trypsinogen activation index, compared to the
untreated AP group.

Table 2 Free active trypsin (FAT), total potential trypsin (TPT) activity and index of trypsinogen activation (%FAT/TPT) in whole homogenate of the rat pancreas in caerulein-induced acute pancreatitis
(AP) in rats in comparison to control group (C) (mean±SE)
Group
Control
(n = 6)
Untreated AP
(n = 10)
AP+LU 302872
10 mg/kg (n = 6)
AP+LU 302872
20 mg/kg (n = 6)
AP+LU 302146
10 mg/kg (n = 6)
AP+LU 302146
20 mg/kg (n = 6)

FAT
(g/mg protein)

TPT
(g/mg protein)

FAT/TPT
(%)

0.394±0.094

8.90±1.14

4.8±1.3

1.542±0.249

9.77±0.94

18.4±3.8b

1.543±0.134

10.56±1.04

14.9±1.2b

1.245±0.176

9.06±2.18

16.7±2.6b

0.969±0.08

6.61±0.98

16.0±2.6b

1.869±0.52

8.11±1.55

21.8±3.0b

LU 302872 (non-selective ET-1 receptor A and B antagonist) or LU 302146
(selective ET-1 receptor A antagonist) was given i.p. at the indicated dosage
at the beginning of the experiment, at 0 time, simultaneously with the first
i.p. injection of caerulein. Statistical significance of differences in %FAT/TPT:
b
P<0.01 vs control.
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DISCUSSION
Caerulein-induced pancreatitis is a well established and
commonly used model of mild, edematous pancreatitis[13,18-21].
In the light microscopy, it displayed features of swelling,
inflammatory infiltration composed mainly of neurophils,
distinct vacuolization of acinar cells and sporadically necrosis.
In our study, the treatment with ET-1 receptor antagonists
(non-selective ETA/B and selective ETA) increased slightly
the vacuolization of acinar cells but did not affect
meaningfully the edema. ET-1 receptor antagonists did not
diminish the score of necrosis and it was even slightly
increased after both ETA antagonist doses. Parallel, ETA
antagonist decreased PMNs infiltration of pancreatic tissue
in histological examination. The ultrastructural changes such
as decreased number of zymogen granules, disorganization
of endoplasmic reticulum, autophagosomes and cytoplasmic
vacuoles were even more prominent in treated groups than
in rats with untreated AP. The simultaneous biochemical
assays revealed that the treatment with non-selective ETA/B
and selective ETA antagonists did not affect the increased
trypsinogen activation index in pancreatic homogenate as
compared to untreated AP.
The overall outcome of the present study was rather
surprising for us. In our previous study[8], the same ET-1
receptor antagonists considerably reduced the extent of
morphological changes in the pancreas, evaluated by light
and electron microscopy in the model of severe AP induced
by sodium taurocholate retrograde injection lasting 24 h.
Our previous results also suggested a significant role of the
antagonism of ET-1 receptors, mainly of the receptor A,
which is blocked by the two antagonists, in the inhibition of
trypsinogen activation [8]. However, actually in a mild
caerulein-induced pancreatitis, we observed no beneficial
effects of the same antagonists of ET-1 receptor. This leads
us to thinking that the endothelin-1 receptor antagonists may
act in different ways in different models of AP. The reason
for this is not clear, but can be at least partly explained by
differences in pancreatic microcirculation disorders between
necrohemorrhagic and edematous AP[9,22]. In severe necrotic
pancreatitis, the pancreatic blood flow decreases to 47% of
baseline within 6 h[23], and plasma ET-1 level significantly
increases[24]. In this situation, application of ET-1 receptor
antagonists could considerably improve the circulatory
parameters[2-4,10,24] preventing the development of more
advanced morphological and biochemical changes. However,
the pancreatic capillary flow in edematous, caerulein-induced
AP rapidly increases to 188% of baseline and remains elevated
up to 6 h of experiment[23], and ET-1 plasma level does not
increase[13] . Complete capillary stasis develops in 38% of
capillaries in severe AP and is absent in edematous AP[23].
Thus, both the vasoconstrictive action of ET-1 and the
blockade of its receptors may be of less importance in the
course of edematous AP than in the severe, necrotic one.
These differences could be crucial for the explanation of
the controversial role of ET-1 receptor antagonists in AP
reported in the literature.
Acinar cell vacuolization is a major morphological change
in caerulein-induced AP. Watanabe et al[20] have shown that
in some developmental stages of this model of disease,
vacuoles contain digestive and lysosomal enzymes, which
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may lead to intracellular activation of trypsinogen by
lysosomal cathepsin B and may be an important step in the
development of AP. Simultaneous blockade of apical
secretion is a prerequisite to basolateral output of partially
activated zymogens into the interstitial space with a
consecutive release of cytokines and vasoactive mediators,
causing edema and chemoattraction of inflammatory cells
and activation of vascular endothelium[25]. In our study, we
found almost four-fold increase in trypsinogen activation
index in pancreatic homogenate in the untreated AP group,
compared to control animals. Application of endothelin-1
receptors antagonists had no significant effect on this
augmented trypsinogen activation index, as compared to
untreated AP nor did it affect meaningfully the edema score.
However, the treatment with the selective receptor A antagonist
at a dose of 20 mg/kg, slightly but significantly, decreased
inflammatory infiltration. According to Plusczyk et al[7], the
selective inhibition of the ETA receptor prevents migration
of leukocytes in acute experimental pancreatitis. This is
consistent with the finding that ETA receptor antagonists inhibit
ET-1-mediated adhesion and migration of leukocytes[13,26,27].
Martignoni et al [11] revealed that after the application of
selective ETA antagonist (LU 135252), pancreatic edema in
animals with caerulein-induced pancreatitis, was similar to
that observed in non-treated animals. An increase in edema
and in inflammatory infiltration after the administration of
BQ-123, a potent ETA receptor antagonist was observed by
Kogire et al[13] in caerulein-induced AP. Also Liu et al[6] found
no advantageous effect of BQ-123 on swelling and
inflammatory infiltration in caerulein+stress-induced
pancreatitis, although this antagonist was found to decrease
vacuolization and necrosis of acinar cells.
Except for our previous work[8], no reports are available
on the ultrastructural changes in pancreatic acinar cells in
association with the application of endothelins or ET-1
receptor antagonists in AP. In the group of animals with
untreated AP, we observed degenerated acinar cells with
vacuoles, dilated rough endoplasmic reticulum, decreased
number of zymogen granules and necrosis of some acinar
cells. These findings are in accordance with observations
of other authors[13,18-20,28,29 ]. The application of ETA/B and
ETA receptors antagonists did not improve the ultrastructural
picture; on the contrary, it intensified to some degree the
changes, especially in the group treated with higher dose of
selective ET A antagonist many acinar cells displayed
numerous autophagous vacuoles and total cytoplasm
disintegration, leading to cell degradation. This group showed
the highest trypsinogen activation index, which may
confirm the involvement of trypsin in the development
and intensification of cellular changes in AP.
Thus, our present examinations, i.e., light microscopy,
ultrastructural visualizing of cell organelles and measurement
of trypsinogen activation index in pancreatic homogenate,
reveal that the treatment with ET-1 receptor antagonists
(non-selective ETA/B and selective ETA) does not affect
essentially either the edema and inflammatory infiltration
or trypsinogen activation observed in the early course of
caerulein-induced AP. Nevertheless, a slight increase of the
necrosis and vacuolization score and some of the ultrastructural
data could suggest the possibility of their undesired effects
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in caerulein-induced AP at investigated doses. Therefore, it
is tempting to suggest that some intracellular effects
mediated by ET-1 receptors could be protective in caeruleininduced AP.
LU 302872 is a derivative of endothelin A selective
receptor antagonist LU 135252, which retains affinity
for ETA but exhibits substantial ETB affinity as well. It
antagonises the big ET-induced blood pressure increase in
rats and big ET-induced bronchospasm in guinea pigs at
the dose of 10 mg/kg [30,31] . LU 302146 is a derivative of
LU 135252 with a higher ET-A receptor specificity[32] . Both
antagonists have been used at the dose of 30 mg/kg daily
p.o., to prevent experimental uremic cardiomyopathy[33].
There are no dates on the doses of used antagonists to be
sufficient for complete blockade of ET-1 receptors. The
doses of both antagonists chosen in this study are comparable
to that in other studies[30,31]. Nevertheless, similar effects of
both investigated doses suggest that lower dose (10 mg/kg)
is sufficient for the suturing of ET-1 receptors. Different
potency or specificity of the endothelin receptor antagonists,
dosing differences, the type of animals used and variation
in pancreatitis model might be an explanation for the
contradictory results reported in the literature.
In conclusion, we are of the opinion that the beneficial
effect of endothelin-1 receptor blockade in early, edematous
AP could be questioned and the attempts intending to
introduce endothelin receptor antagonists to prevent the
development of edematous pancreatitis (i.e., socalled postERCP pancreatitis) or its transition into necrotic one, should
be treated with considerable caution.
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Abstract
AIM: Thiazolidinediones (TZD) are a new class of oral
antidiabetic drugs that have been shown to inhibit growth
of same epithelial cancer cells. Although TZD were found
to be ligands for peroxisome proliferator-activated
receptor  (PPAR), the mechanism by which TZD exert
their anticancer effect is presently unclear. In this study,
we analyzed the mechanism by which TZD inhibit growth
of human pancreatic carcinoma cell lines in order to
evaluate the potential therapeutic use of these drugs in
pancreatic adenocarcinoma.
METHODS: The effects of TZD in pancreatic cancer cells
were assessed in anchorage-independent growth assay.
Expression of PPAR was measured by reverse-transcription
polymerase chain reaction and confirmed by Western blot
analysis. PPAR activity was evaluated by transient reporter
gene assay. Flow cytometry and DNA fragmentation assay
were used to determine the effect of TZD on cell cycle
progression and apoptosis respectively. The effect of TZD
on ductal differentiation markers was performed by
Western blot.
RESULTS: Exposure to TZD inhibited colony formation in
a PPAR-dependent manner. Growth inhibition was linked
to G1 phase cell cycle arrest through induction of the
ductal differentiation program without any increase of the
apoptotic rate.
CONCLUSION: TZD treatment in pancreatic cancer cells

has potent inhibitory effects on growth by a PPAR-dependent
induction of pacreatic ductal differentiation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Pancreatic cancer is a devastating disease characterized by
an increased incidence in western industrialized countries,
an extremely poor median survival of 4-6 mo after diagnosis[1],
and limited therapeutic options[2].
The majority of pancreatic cancers arises from the
pancreatic duct cells and is characterized by uncontrolled
growth, inability to express the differentiated features of
normal duct cells and progressive accumulation of multiple
genetic abnormalities[3].
It has been suggested that the pharmacological induction
of cellular differentiation might be an alternative to
conventional tumor chemotherapy. The activation of the
terminal differentiation program in genetically abnormal
tumor cells is strictly associated with irreversible growth
arrest[4]. In pancreatic cancer cells, retinoids, for example,
induce differentiation and inhibit growth by activation of
their specific nuclear receptors[5,6] suggesting that other
nuclear receptors involved in the regulation of cellular
differentiation might be targets for novel therapeutic
strategies of pancreatic cancer.
Thiazolidinediones (TZD) such as pioglitazone (PGZ)
and rosiglitazone (RGZ) are a new class of antidiabetic drugs,
which attenuate the insulin resistance associated with obesity,
hypertension and impaired glucose tolerance in humans as
well as in several animal models of non-insulin-dependent
diabetes mellitus[7] . TZD were found to be ligands for
peroxisome proliferator-activated receptor  (PPAR), a
member of the nuclear receptor superfamily of liganddependent transcription factors that is predominantly
expressed in adipose tissue although it is also expressed in
other tissue at much lower levels[8-10] . In adipose tissue
PPAR functions as a master regulator of adipogenesis and
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its ligand-mediated activation in fibroblasts induces adipocyte
differentiation and lipid storage[11,12]. TZD activate PPAR
and promote association with 9-cis retinoic acid receptor
(RXR) to form functional heterodimers, which recognize their
cognate response element at the level of target genes[13,14].
Several recent studies have indicated that TZD may
have anticancer properties in a variety of different epithelial
malignancies including breast, prostate and gastrointestinal
cancers[15-17]. Treatment of cultured breast and colon cancer
cells with TZD resulted in a reduction in growth rate and
induction of apoptosis[18,19]. Furthermore, human colorectal
cancer cells implanted in nude mice were shown to grow
more slowly in mice treated with TZD, with a 50% reduction
of tumor volume[20]. In addition loss-of-function mutation
of the PPAR gene has been found in some human colon
and thyroid carcinomas[21,22]. As a consequence, PPAR has
become a molecular target for anticancer drug development,
and TZD have been proposed for therapy of PPARexpressing tumors.
Although preliminary evidence has shown that, troglitazone,
the first TZD marketed for use in humans, inhibited pancreatic
cell proliferation[23,24], the mechanism by which these drugs
inhibit cell growth in these cells has not been conclusively
established.
In this study we demonstrated that exposure of pancreatic
cancer cells to TZD inhibited anchorage-independent
growth with a PPAR-dependent differentiation-inducing
mechanism. Surprisingly the ductal pro-differentiation
program induced by PPAR activation was not associated
with apoptosis in these cells.

MATERIALS AND METHODS
Materials
Most chemicals and supplies were purchased from Sigma
Chemical Company (St. Luis, MO). Nitrocellulose and
Nytran were from Schleicher and Schuell, Inc., (Keene, NH).
Agarose, trypsin, all restriction endonucleases, DNAmodifying enzymes, and tissue culture media were purchased
from Gibco BRL (New Brunswick, NJ). Fetal bovine
serum (FBS) was from HyClone Laboratories (Logan, UT).
D-threo-[dichloroacetyl-1,2- 14C]-chloramphenicol was
purchased from New England Nuclear (Boston, MA).
Rosiglitazone and pioglitazone were from SmithKline
Beecham Pharmaceuticals (Welwyn, UK) and Takeda
Chemicals (Tokyo, Japan) respectively.
Tissue sample and cell cultures
The pancreatic adenocarcinoma cell lines PANC-1,
CAPAN-2, and HPAC were obtained from the American
Type Culture Collection (ATCC, Rockville, MD). Cells
were maintained in Dulbecco’s modified Eagles medium
(DMEM; GIBCO Laboratories, Grand Island, NY)
containing 10% fetal bovine serum (FBS, Gibco). Culture
medium was supplemented with 50 U/mL penicillin and
50 g/mL streptomycin. All experiments were performed
in phenol red-free medium.
Tumor clonogenic assay
Pancreatic cancer cells were trypsinized and disaggregated
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through a 19-gauge needle into a single-cell suspension, as
evaluated by microscopy. Cells 2×10 4 were mixed with
DMEM/5% dialyzed FBS containing 0.3% agarose and
TZD at the concentration indicated. Cells were then layered
over a solid base of 0.5% agarose in the same medium, in
60-mm dishes. The cultures were incubated in humidified
50 mL/L CO2/95% air at 37 ℃. After 14 d the colonies
were counted by an Omnicon 3 600 Colony Counter and
photographed.
Cell cycle analysis
Cells (4×10 5) were exposed to TDZ for 4 d in medium
supplemented with 5% dialyzed FBS. Total cells both in
suspension and adherent, were collected, washed, suspended
in cold PBS, and stained in trypan blue. Both blue and nonblue cells were counted. The cells were adjusted to 1×106
viable cells/mL and fixed in 2:1 ratio (v/v) in methanol
overnight before staining with propidium iodide. Cell cycle
status was analyzed with Becton Dickinson Flow Cytometer
and CellFIT Cell-Cycle Analysis software.
Protein extract and Western blot
Whole-cell proteins were extracted from the different
adenocarcinoma cell lines. Cells were cultured in the presence
or absence of test agents and were homogenized in Laemmli
buffer[25]. Nuclear proteins were isolated from treated and
untreated cells based on micro preparation methods[26].
The nuclear extracts were suspended in 20 mmol/L HEPES
(pH 7.9), 40 mmol/L NaCl, 1.5 MgCl 2, 0.2 mmol/L
ethylenediaminetetraacetic acid, 25% glycerol, 0.5 mmol/L
dithiothreitol, and 0.2 mmol/L phenylmethylsulfonyl
fluoride. Lysates were centrifuged at 20 000 g for 10 min
at 4 ℃ and supernatants were frozen in liquid nitrogen and
stored at -80 ℃ until use. Nuclear and whole-cell extracts
(40 g protein) were fractionated in 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and electro blotted
onto nitrocellulose filters. Proteins were detected by
incubating the filters with the following primary antibody:
mouse anti-human PPAR (1:500) (Santa Cruz Biotechnology,
Santa Cruz, CA, USA), sheep anti-human carbonic anhydrase
II (1:500)[27] cytokeratin 7 (1:1 500) (Novocastra Lab,
Newcastle UK), p21 (1:1 000) (Santa Cruz Biotechnology,
Santa Cruz, CA) and p27 (1:1 000) (Santa Cruz Biotechnology,
Santa Cruz, CA), mouse anti-human bcl-2, bax, and bcl-xl
(1:1 000) (Transduction, Laboratories, San Diego CA)
mouse anti human bax (1:1 000), and mouse anti-human
bak (1:1 000) (CalBiochem, San Diego CA). Detection of
the protein bands was performed using the Amersham ECL
kit (Arlington Heights, IL).
RNA extraction and RT-PCR
Total RNA was extracted from cultured cells and by
guanidinium-phenol-chloroform methods of Chomczynski
and Sacchi[28] with minor modifications[29]. One mg of RNA
from tumor cells was reverse transcribed with Molony
murine leukemia virus (MMLV) reverse transcriptase (Life
Technologies Inc., Paisley, UK) at 42 ℃ for 60 min in a 20-L
mixture in the presence of random hexamers. The nucleotide
bases used for human PPAR were 5’-TCTGGCCCACCAACTTTGGG-3’ and 5’-CTTCACAAGCATGA-
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ACTCCA-3’. Two L of a reverse-transcribed mixture was
subjected to PCR in a 20-L reaction solution [10 mmol/L
Tris-HCl (pH 8.3), 50 mmol/L KCl, 2.0 mmol/L MgCl2,
0.01% gelatin, 20 mmol/L deoxynucleotide triphosphate,
0.5 units of Taq polymerase (Life Technologies Inc., Paisley,
UK), and 0.25 pmoL of primers]. Twenty-five cycles of
reaction at 94 ℃ for 50 s, 60 ℃ for 45 s, and 72 ℃ for 90 s
were carried out by DNA thermal cycler (Perkin-Elmer
Cetus Norwalk, CT). Efficiency of RT was controlled in
each sample by PCR amplification of human  2 microglobulin (5’-GCAAAAGATGAGTATGCCTG-3’, 5’TTCACTCAATCCAAATGCGG-3’).
Transient transfection of culture cells
Cells were transfected at the density of 5×105 cells/60 mm
dish with 2.5 g of peroxisome proliferator response element
(ARE)3-tk-luciferase reporter plasmid (containing 3 copies
of the PPRE from the adipocyte lipid-binding protein (aP2)
gene ligated to a herpes simplex thymidine kinase promoter
upstream of a luciferase gene)[30,31], and 5 g of pSV2CAT
(vector containing SV40 early promoter and enhancer
sequences that drives a chimeric chloramphenicol acetyl
transferase [CAT] gene) as an internal control by calcium
phosphate precipitation. Total amount of DNA transfected
was normalized with a carrier DNA (pcDNA3.1; Invitrogen
Corporation, Carlsbad, CA). Four hours later the cells were
exposed to PBS containing 15% glycerol for 3 min. The
cells were rinsed twice with PBS and fresh serum
supplemented with 5% dialyzed FBS was added. Twenty
four hours after transfection cells were treated with TZD.
Twenty four hours later, the cells were harvested, washed
twice with PBS, and lysed in 150 L of buffer containing
25 mmol/L Tris, pH 7.8, 2 mmol/L ethylenediaminetetraacetic
acid, 20 mmol/L dithiothreitol, 10% glycerol, and 1% Triton
X-100. Fifty microliters of cell extract were incubated with
luciferase assay reagent based on the original protocol of
de Wet et al[32]. The number of relative light units with a 3s delay and 30-s incubation were measured by Sirius1
luminometer (Berthold Detection System, Pforzheim/
Germany). CAT activity was measured as described
previously[33]. The conversion of chloramphenicol to its
acetylated products was quantified on Ambis beta scanner
(Ambis System, San Diego, CA).
Generation of the PPAR-expressing cell line
Human PPAR cDNA was cloned into pLNCX, a retroviral
vector driving expression of the cloned cDNA from the
cytomegalovirus promoter and conferring resistance to
G418. Retrovirus plasmid was transfected into a packaging
cell line, PA317, and used to transduce HPAC cells as
previously described[34] . In brief, PA317 were transfected
with 10 g of the cloned construct (PPAR-pLNCX) or
the empty retroviral vector, using calcium phosphate
precipitation followed by glycerol stock as described above.
Twenty four hours after transfection the virus-containing
supernatant was removed, filtered through a 45-m filter,
and stored at -70 ℃. A total of 5×10 5 HPAC cells were
infected with 106 cfu/mL virus in the presence of 6 g/mL
polybrene. Twenty four hours later the cells were replated
in duplicate and selected with 600 g/mL of the antibiotic
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G418. After selection of G418-resistant cells, the clones
were expanded and screened for PPAR expression by
Western blotting.
Apoptosis assay
Following the indicated treatments, apoptosis was measured
by a DNA fragmentation assay (Apo-Direct) as recommended
by the manufacturer (PharMingen, San Diego, CA). Briefly,
cells (adherent and floating) were fixed in 1% formaldehyde
in PBS overnight. After washing, 10 6 fixed cells were
incubated with terminal deoxynucleotidyl transferase enzyme
(TdT) and FITC-dUTP for 90 min at 37 ℃ to label DNA
breaks. Cells were rinsed, incubated in RNaseA/propidium
iodide in the dark for 30 min at room temperature to stain
total DNA, and then analyzed by flow cytometry. Cells
doublets and clumps were eliminated from the analysis by
gating.
Statistical analysis
Data was expressed as mean±SD. Statistical correlation of
data was checked for significance by ANOVA and paired
Student’s t test. The corresponding probability (P) is given.

RESULTS
TZD inhibited anchorage-independent growth of human
pancreatic cancer cells with a PPAR-dependent mechanism
We initially investigated the effect of TZD on pancreatic
cancer cell growth. The effect of TZD on anchorageindependent growth was assessed by cloning cancer cells in
soft agarose. Treatment with both TZD at the concentration
of 10 mol/L resulted in a significant inhibition of colony
formation by Panc-1 and Capan-2 cell lines, whereas drug
treatment was ineffective in the PPAR non-expressing
HPAC cells (Figure 1A, B). Clofibric acid was used as a
negative control. The dose dependency for the anchorageindependent growth inhibition was further characterized in
Panc-1 cells. PGZ inhibited colony formation in a dosedependent manner in Panc-1 cell line (Figure 1C). Moreover,
the size of the colonies was significantly smaller in the RGZtreated cells compared to cells treated with vehicle alone.
To confirm the role of PPAR in TDZ-induced growth
arrest, we generated a PPAR-expressing HPAC cells using
transducing retroviruses. Four isolated HPAC clones showed
selective overexpression of PPAR protein compared to
parental wild type and mock-transfected controls (Figure 2A).
Of the selected clones, number 3 (P3-HPAC) was used for
further studies. In these cells, PGZ induced the activity of
the ARE-7 3-tk-luc reporter in a dose-dependent manner
(Figure 2B) and this effect was correlated to a significant
inhibition of anchorage-independent growth (Figure 2C).
PPAR activation by TZD alters cell cycle progression but
does not induce apoptosis in pancreatic cancer cells
Preliminary experiments evaluating trypan blue exclusion
and lactate dehydrogenase leakage from pancreatic cancer
cells into the culture medium showed that both TZD induced
growth inhibition rather than cytotoxicity, because the
number of vitally stained cells was higher than 90% in all
experiments at any given time point. Based on this observation,
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Figure 1 Effect of TZD on anchorage-independent growth in human pancreatic adenocarcinoma cells. A: PPAR expression in human
pancreatic adenocarcinoma. One microgram of total RNA extracted from three pancreatic cancer cell lines (Capan-2, Panc-1, and HPAC) was
reverse transcribed using random hexamers and amplified by polymerase chain reaction using specific primers for PPAR and for 2 -microglobulin
(2 -M) as described in Methods. The reverse-transcription polymerase chain reaction products were electrophoresed on ethidium bromidecontaining agarose gel; B: TZD inhibit anchorage-independent growth. 2x104 cells were plated into media containing 0.3% agarose, supplemented with either 10 µmol/L of TZD (RGZ o PGZ), or 1 mmol/L clofibrate (CA). After 14 d the number of colonies was determined and then
expressed as the percentage of control cells treated with vehicle (DMSO) alone. The mean±SD of six independent experiments performed for
each cell line in triplicate are shown. a P<0.05 (or higher degree of significance) vs control; C: Dose-dependent inhibition of anchorageindependent growth by TZD in Panc-1 cells. Clonogenic assay of Panc-1 cells treated with the indicated concentrations of RGZ was performed as
described in Methods. The number of colonies was then given as the percentage of control cells treated with vehicle alone. The mean±SD of five
independent experiments performed for each in triplicate are shown. aP<0.05 (or higher degree of significance) vs control.
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stable transduced by retrovirus driving expression of human PPAR (hPPAR-pLNCX) as described in methods. After selection with G418 four
resistant clones were expanded and screened for hPPAR expression. The cell extracts were fractionated by sodium dodecyl sulfatepolyacrylamide gel electrophoresis and blotted to nitrocellulose. The proteins (40 g) were detected with antibody raised against human
PPAR. P1-P4 represent nuclear protein extracted from G418-resistant HPAC cell clones; M represents nuclear proteins from mock (pLNCX)
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cells were transfected with ARE-73 -tk-luciferase reporter plasmid and pSV 2-CAT as internal control for transfection efficiency. Twenty-four
hours after transfection cells were treated with RGZ at the indicated concentration. Twenty-four hours after treatment the cells were
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we assessed the effect of RGZ and PGZ on cell cycle
progression. Little change in cell distribution was observed
at 12 h with 20 mol/L of TZD in all cell lines (not shown).
In PPAR-expressing cells both RGZ and PGZ increased

the proportion of cells in G0/G 1 phase at 24 h and the
arrest persisted at later time points (Figure 3). The Increased
number of cells in G 0 /G 1 phase was mirrored by a
proportional decrease of cells in S phase. No effect was

1126

ISSN 1007-9327

100

CN 14-1219/ R

Panc-1

World J Gastroenterol
100

Control

Volume 11

Capan-2

PGZ

RGZ
PGZ

60

60

Number 8

Control

80

RGZ

80

February 28, 2005

%

%
40

40

20

20

0

0
G0/G1

S

G0/G1

G2/M
100

100

HPAC

Control

80

G2/M
Control

P3-HPAC

RGZ

80

RGZ

PGZ

PGZ

60

S

60
%

%
40

40

20

20

0

0
G0/G1

S

G0/G1

G2/M

S

G2/M

Figure 3 Cell cycle phase distribution of pancreatic tumor cells treated with TZD. After overnight attachment cells were treated with
20 mol/L of TZD (RGZ or PGZ) for 72 h, followed by staining with propidium iodide and flow cytometric analysis of DNA content. The
percentage of cells in each cell cycle phase was determined by analysis of the DNA content histograms using Modfit software as described
in Methods. Data show the percentage of cells in each phase of cell cycle in a representative experiment. Similar results were obtained in
at least three independent experiments.

Table 1 Effect of TZD on apoptosis in pancreatic tumor cells. Extent
of apoptosis following treatment of pancreatic cancer cell lines with
20 mol/L of TZD (RGZ or PGZ) for three days was measured by the
incorporation of FITC-dUTP in the presence of TdT enzyme to detect
DNA fragmentation as described in Methods. Cells were stained
with RNase A/PI and analyzed by flow cytometry. The mean±SD of
five independent experiments each performed in triplicate are shown
Apoptosis (%)
Treatment
Panc-1

Capan-2

HPAC

Control (DMSO)
RGZ

1.16±0.15
1.20±0.17

0.88±014
0.90±0.22

0.46±0.19
0.38±0.17

P3-HPAC
0.66±017
0.58±0.19

PGZ

1.19±0.14

0.93±0.17

0.40±0.18

0.57±0.13

C
bcl-xl bcl-2 bak bax

documented in the PPAR-deficient HPAC line, whereas
the inhibition of cell cycle progression by TZD was restored
in P3-HPAC cells. To determine whether the inhibitory effect
of TZD was in part mediated by inducing apoptosis, cells
were treated with RGZ or PGZ for 72 h before the analysis.
The extent of apoptosis was measured by incorporation of
FITC dUTP in the presence of TdT enzyme to detect DNA
fragmentation. Both compounds had negligible effect on
the extent of apoptosis at the higher concentration used
(Table 1). In addition, the expression of the bcl-2 family
members involved in regulating apoptosis was also
determined in PANC-1, Capan-2 and P3-HPAC cells
following treatment with RGZ or PGZ. After 24-h
incubation with TZD, no change in the expression of the
inducers of apoptosis, bax or bak, or inhibitors of apoptosis
such as bcl-2 and its close homologue bcl-xL was detected
(Figure 4). These results suggest that pancreatic tumor cells
are relatively resistant to apoptosis induced by TZD.

PGZ

Panc-1

RGZ

C

PGZ

Capan-2

RGZ C

PGZ

RGZ

P3-HPAC

Figure 4 Expression of apoptotic proteins in cells treated with TZD.
Sub-confluent cells were treated with 20 mol/L of TZD (RGZ or PGZ)
for 24 h. Cells were then harvested, and whole-cell protein extracts
were fractionated by sodium dodecyl sulfate-polyacrylamide electrophoresis and transferred to nitrocellulose paper as described in
Methods. Different proteins were detected by incubating the filter
with specific antibodies.

TZD promoted differentiation and reversal of the transformed
phenotype in PPAR-expressing cells
In the PPAR-expressing cell line, PANC-1, 72-h incubation
with RGZ resulted in morphological changes with more
abundant, flattened cytoplasm, and increased cytoplasmic/
nuclear ratio, as is consistent with a more mature phenotype
(Figure 5B). To determine whether morphological changes
and growth arrest were accompanied by differentiation,
analysis of markers of the differentiated state was performed.
Treatment with 20 mol/L of RGZ resulted in a timedependent increased expression of ductal specific markers
such as carbonic anhydrase II (CA II)[5] and cytokeratin 7[35]
as well as “general” differentiation markers such as the cell
cycle inhibitors p21 and p27 (Figure 5A). Expression of
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Control (DMSO)
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CK7
p27
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actin
Figure 5 TZD-induced ductal differentiation in pancreatic adenocarcinoma cells. A: Effect of RGZ on the expression of differentiation
markers in Panc-1 cells. After 24 h of plating, cells were incubated with 20 mol/L of RGZ for the indicated time intervals. Protein extracts
were then extracted and separated by Western blotting as described in Methods. Immunoreactive proteins were detected by incubating the
filters with the specific primary antibodies. A representative of three independent experiments, yielding similar results, is shown; B: Effect
of RGZ on tumor cells morphology. Panc-1 cells were plated onto sterile culture chambers and then treated with 20 mol/L of RGZ for 96 h.
After the incubation period cells were photographed with Axiovert 200 Image System (Zeiss, Gottingen, Germany). Original magnification ×200.

A
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B

CAll

CAll

p21

p21

actin

actin
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Figure 6 Effect of TZD on expression of differentiation markers in HPAC cells transduced with PPAR-expressing retrovirus. Untransduced
parental HPAC cells. A: or PPAR-overexpressing P3-HPAC cells; B: were incubated with 20 mol/L of RGZ for the indicated time intervals.
Protein extracts were then extracted and separated by Western blotting as described in Methods. Immunoreactive proteins were detected
by incubating the filters with the specific primary antibodies. A representative of three independent experiments, yielding similar results, is
shown.

-actin, used as an internal control, did not change under
any experimental condition. Treatment with PGZ had similar
effect (not shown). In contrast, HPAC cells did not show
any induction of differentiation markers (Figure 6A). TZD
induced p21 and CA II expression in the P3-HPAC clone
(Figure 6B), thus supporting the role of PPAR in the
acquisition of a more differentiated state.
Because PPAR activation can enhance adipocyte
differentiation[11] , we examined the lipid accumulation in
PANC-1 and in Capan-2 cells. Oil Red O staining revealed
no lipid accumulation after PGZ or RGZ treatment for 4 d
(not shown).

DISCUSSION
Here we studied the effects of two TZD, pioglitazone
(PGZ) and rosiglitazone (RGZ), on pancreatic cancer cell
growth, and we characterized the relationship between
PPAR expression and their anticancer properties. The two
TZD similarly induced a strong inhibition of anchorageindependent growth on PPAR-expressing cell lines but
they had no effect on colony formation of the PPARdeficient cells, HPAC (Figure 1B). The role of PPAR in
the antiproliferative effect of TZD in pancreatic cancer
cells was confirmed by overexpression of the receptor in
HPAC cells. Expression of PPAR in HPAC cells, obtained

by transducing retrovirus, restored the growth inhibitory
effect of TZD in parallel with a significant induction of
PPRE reporter activity (Figure 2B, C). We therefore,
conclude that PPAR expression determines TZD sensitivity
in pancreatic carcinoma cells. Confirming our result, the
reduction of DNA accumulation by RGZ in glioma cells is
strictly dependent on PPAR expression[36]. In addition RGZ
exclusively inhibits anchorage-independent growth in human
colorectal cancer cells that express a transcriptionally active
PPAR[18]. This data is, however, partially in contrast with
the observation that the anticancer effects of TZD are
independent of PPAR and mediated by inhibition of
translation initiation[37]. In fact, in PPAR ES cells troglitazone
induced cell cycle arrest by partial depletion of intracellular
Ca 2+ stores, activation of the double-stranded RNAdependent protein kinase (PKR), and phosphorylation of
the eukaryotic initiation factor 2 (eIF2). Furthermore,
Abe et al have indicated that troglitazone suppressed cell
growth and histamine secretion by a PPAR-independent
mechanism in the human basophilic leukemia cell line
KU812[38]. A possible explanation of this controversy may
be due to the different chemical structure of the various
members of TZD family. Only troglitazone, for instance,
has the chroman structure of vitamin E, suggesting that this
TZD could regulate signal pathways by mimicking the effects
of vitamin E and independently of PPAR transcriptional
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activation[39].
To define the mechanisms by which TZD inhibit the
growth of pancreatic carcinoma cells, we analyzed the cell
cycle profile of cells treated with RGZ and PGZ. Both
TZD increased the population of cells in G1/G0 phase and
reduced the population of cells in S phase in PPARexpressing cells (Figure 3). These results support recent
observations in other growing cells, such as colon cancer
cells and myeloid leukemia cells, showing that PPAR
activation induce G 1 cell cycle arrest [18,40]. These cycle
alterations were achieved at TZD concentrations that
repressed pancreatic cell growth, indicating that cell-cycle
arrest is one of the primary mechanisms responsible for
the anti-proliferative action of TZD in pancreatic cancer
cell in vitro.
Apoptosis and cell differentiation are tightly linked to
cell cycle control mechanisms, particularly those that regulate
the transit through G1 phase[41,42]. Thus, the induction of G1
arrest by TZD-activation of PPAR may be the precipitating
molecular events for subsequent cell differentiation or death.
We did not find any pro-apoptotic effects in PPARexpressing and non-expressing cells after TZD treatment at
the highest concentration used (Table 1 and Figure 4),
whereas a significant time-dependent induction of both
general and ductal-specific differentiation markers was
observed after TZD treatment in PANC-1 cells and in the
PPAR overexpressing clone, P3-HPAC. This suggests that
the in vitro anti-proliferative effects of TZD in pancreatic
tumor cells are not primarily mediated by the induction of
apoptotic cell death. Our findings are consistent with the
apoptotic-resistant phenotype characteristic of pancreatic
tumor cells that are resistant to undergoing apoptosis induced
by chemotherapeutic agents, activation of surface receptors
such as CD 95 or by serum and growth factor withdrawal[43,44].
Similarly to TZD, non-steroidal anti-inflammatory drugs
(NSAID) such as indomethacin and sulindac inhibit
pancreatic cell growth by cell-cycle arrest without apoptosis
via a COX2-independent mechanism[45]. Interestingly, it has
been shown that NSAID are PPAR activators and their
growth-inhibitory effect in pancreatic cells could be mediated,
at least in part, by this receptor[46]. Furthermore, Wick et al,
have recently demonstrated that PPAR is one of the molecular
targets of NSAID mediating COX-independent inhibition
of lung cancer cell growth[47]. In contrast, the natural PPAR
ligand, 15d-PGJ2, induced substantial apoptosis in pancreatic
cancer cells[48] . These discrepancies could be explained
assuming that the effect of 15d-PGJ 2 may be partially
PPAR-independent. Indeed, cyclopentenone prostaglandins
have been shown to induce apoptotic cell death of human
hepatic myofibroblasts, which do not express PPAR, by a
mechanism involving the production of reactive oxygen
species[49]. Furthermore, specific inhibition of PPAR does
not prevent 15d-PGJ2-induced apoptosis in breast cancer
cells, suggesting that this ecosanoid requires mechanisms
others than activation of PPAR to induce apoptosis[50].
Although inhibition of cloning efficiency is generally
considered the hallmark of differentiation, we investigated
additional characteristics that would point towards a more
differentiated phenotype of ductal carcinoma cells. Whereas
much is known about PPAR and its role in adipocytic
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differentiation[11], in part because of the identification of
well-established markers of the terminally differentiated
adipocyte[12], the pancreatic ductal epithelium represents a
more complex and challenging system. We found that TZD
treatment induced the expression of differentiated ductal
cells markers such as CK-7[35] and CAII[5] in parallel with a
significant up-regulation of the cell cycle inhibitors p21 and
p27 in Panc-1 cells (Figure 5A). By light microscopy, we
observed elongation and flattening of cells with extending
cellular process after TZD treatment (Figure 5B). These
morphological changes are strikingly similar to the ones
observed after butyrate and retinoid induced differentiation
in the same cell lines[5,51] and represented a more differentiated
and less malignant state. In agreement with the negligible
effect of TZD on growth of PPAR non-expressing cells,
these drugs have no effect on the expression of CAII and
p21 in HPAC cells (Figure 6A). Ectopic expression of PPAR
completely restored the ability of TZD to induce ductal
differentiation in HPAC cells, suggesting that the expression
and activation of PPAR pathway is a key step in pancreaticspecific differentiation (Figure 6B). Chang et al, have recently
reported growth inhibition and increased expression of
markers of bronchoalveolar progenitor cells in non-small
cell lung cancer after treatment with PPAR agonists[52] .
Similarly to our results, they did not document either lipid
accumulation or adipocyte-specific gene expression, thus
excluding adipocytic transdifferentiation of these cell lines.
The signaling events evoked by PPAR activation in epithelial
cancer cells remain unclear. The ability of TZD to establish
various lineage-specific differentiated states that differ
according to the cellular type would suggest that the PPAR
pathway functions early in the induction of differentiation,
before lineage-specific events occur.
Overall, our study demonstrates that TZD inhibits
growth of pancreatic cancer cells via a PPAR-dependent
induction of ductal differentiation. Given the favorable
toxicity profile of these drugs and the limited treatment
options that are currently available for patients with pancreatic
malignancies, TZD might be a new effective approach to
complement conventional chemotherapeutic regimens for
pancreatic cancer therapy.
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Abstract
AIM: To study the role of intestinal flora in inflammatory
bowel disease (IBD).
METHODS: The spatial organization of intestinal flora was
investigated in normal mice and in two models of murine
colitis using fluorescence in situ hybridization.
RESULTS: The murine small intestine was nearly bacteriafree. The normal colonic flora was organized in three
distinct compartments (crypt, interlaced, and fecal), each
with different bacterial compositions. Crypt bacteria were
present in the cecum and proximal colon. The fecal
compartment was composed of homogeneously mixed
bacterial groups that directly contacted the colonic wall
in the cecum but were separated from the proximal
colonic wall by a dense interlaced layer. Beginning in
the middle colon, a mucus gap of growing thickness
physically separated all intestinal bacteria from contact
with the epithelium. Co lo nic inflam ma tion w as
accompanied with a depletion of bacteria within the fecal
compartment, a reduced surface area in which feces
had direct contact with the colonic wall, increased
thickness and spread of the mucus gap, and massive
increases of bacterial concentrations in the crypt and
interlaced compartments. Adhesive and infiltrative
bacteria were observed in inflamed colon only, with
dominant Bacteroides species.
CONCLUSION: The proximal and distal colons are
functionally different organs with respect to the intestinal
flora, representing a bioreactor and a segregation device.
The highly organized structure of the colonic flora, its
specific arrangement in different colonic segments, and
its specialized response to inflammatory stimuli indicate
that the intestinal flora is an innate part of host immunity
that is under complex control.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The general consensus that the intestinal flora is important
in the pathogenesis of chronic bowel inflammation is based
on solid clinical and experimental evidence[1]. Despite this,
all attempts to identify specific changes of the intestinal
flora that are associated with chronic inflammation have
either failed or are inconsistent[2]. Previous investigations
of bacterial involvement in inflammatory bowel disease
(IBD) have mainly been based on comparative studies of
bacterial isolates. It is likely however, that the intestinal flora
is structurally organized[3]. Sampling of the intestinal contents
prior to culture or gene-based identification disrupts the
structural organization of bacteria within the gut and may
disguise the complex interactions between intestinal flora
and the host.
The aim of this work was to study the composition and
spatial organization of the intestinal flora in normal mice
and in two commonly used models of murine colonic
inflammation, using fluorescence in situ hybridization (FISH)
with rRNA-targeted, fluorescent Cy3/Cy5 (carbocyanine)
labeled oligonucleotide probes[4].
MATERIALS AND METHODS
Animals
Three different groups of mice were investigated: wild-type
mice without colitis (WT group, n = 3), wild-type mice with
acute chemically-induced colitis (DSS group, n = 3), IL-10
knockout mice without colitis (IL-10 C- group, n = 2) and
IL-10 knockout mice with manifest colitis (IL-10 C+ group,
n = 3). All mice studied were of C57BL/6J background
and obtained from Jackson Laboratories (Bar Harbor, ME).
Mice were housed in micro-isolator racks and allowed access
to food and water ad libitum. Colitis was induced in 5 to 8wk-old wild type mice (WT) by adding 3% dextran sulfate
sodium (DSS, 40 kDa MW; obtained from ICN, Costa
Mesa, CA) to the drinking water for 5 d. Acute colitis
developed in all treated animals by d 4 of DSS exposure.
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Symptoms included diarrhea, gross or occult blood in stool
(measured by Hemoccult II Sensa cards; Beckman Coulter,
Palo Alto, CA), and weight loss. DSS-treated mice were
sacrificed on d 7 after first exposure to DSS. The spontaneous
development of colitis in mice genetically deficient in IL10 was monitored by daily weight measurements and weekly
stool occult blood tests. Animals were sacrificed by CO2
asphyxiation. A portion of the midjejunum, the terminal
ileum and the whole colon were obtained. The colon was
divided into 5 parts representing the cecum, proximal,
mid, distal colon, and the rectum. Each colon part was
analyzed separately. Intestinal segments were fixed in
Carnoy’s solution[5] for 3 h, then processed into paraffin
blocks using standard techniques, cut into 4-10 µm sections
and placed on SuperFrost slides (R. Langenbrinck,
Emmendingen, Germany) for pathologic examination and
FISH studies.
The studies were conducted under protocols approved
by the Institutional Animal Care and Use Committee of
Duke University Medical Center.
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Fluorescence in situ hybridization
Oligonucleotide probes were synthesized with a Cy3 or Cy5
reactive fluorescent dye at the 5’ end (MWG Biotech,
Ebersberg, Germany). Forty domain, group and speciesspecific FISH probes (Table 1) were applied to murine colon
sections. The Eub338 universal bacterial probe was used to
detect virtually all relevant bacteria. The nonsense probe
Non338 was used to test for nonspecific binding of
oligonucleotide probes. Formamide concentration and
hybridization temperature were used as described to achieve
the optimal stringency[6-30]. Additional hybridizations using a
permeation step with lysozyme were performed in parallel
for detection of Gram-positive bacteria.
In situ quantification of fecal bacteria Bacteria were
visualized by FISH and 4, 6-diamidino-2-phenylindole stain
(DAPI) under a Nikon e600 fluorescence microscope
(Nikon, Tokyo, Japan) and photo-documented with a Nikon
DXM1200 camera and software (Nikon). The enumeration
of bacteria was performed only when hybridization signals
were clear and morphologically distinguishable as bacterial

Table 1 FISH probes
Name

Target

Reference

Eub338
Alf1b

Virtually all Bacteria, Kingdom Eubacteria
Alpha group of Proteobacteria: Rhodobacter, Acetobacter, Paracoccus

6
7

Beta42a

Beta subclass of Proteobacteria: Rhodocyclus, Bordetella, Neisseria,Thiobacillus, Alcaligenes and other

7

Gam42a

Gamma subclass of Proteobacteria: Enterobacteriaceae, Proteus, Legionella, Azotobacter

7

Ebac

Enterobacteriaceae

8

Ec1531
Y16s-69

Escherichia coli
Yersinia species

9
10

Srb385

Sulfate reducing bacteria

11

Sgd

Desulfotomaculum subgroup

12

Hpy-1
Arc1430

Helicobacter pylori epsilon subclass of Proteobacteria
Arcobacter ssp. epsilon subclass of Proteobacteria

13
14

HGC

Gram-positive bacteria with high G+C content: Actinobacteria

15

LGC

Gram-positive bacteria with low G+C content: Firmicutes

16

Sfb
Erec

Segmented filamentous bacteria
Clostridium coccoides - Eubacterium rectale group

17
18

Lach

Subgroup of Erec

19

Ehal

Subgroup of Erec

19

Chis150
Clit135

Clostridium histolyticum group (Incl. Clostridium perfringens and Clostridium botulinum)
Clostridium lituseburense group (incl. Clostridium difficile)

18
18

Lab158

Lactobacillus and Enterococcus group

20

Strc493

Streptococcus group

18

Enc131
Efaec

Enterococcus spp and other
Enterococcus faecalis, Enterococcus sulfuricus

21
22

Ato291

Atopobium, Coriobacterium, Eggerthella and Collinsella spp

23

Cor653

Coriobacterium group

23

Ecyl
Phasco

Eubacterium cylindroides, Clostridium innocuum, Eubacterium biforme, Eubacterium tortuosum and other
Phascolarctobacterium faecium, Acidaminococcus fermentans, and Succiniclasticum ruminis

19
19

Veil

Veillonella group

19

Rbro, Rfla

Clostridium sporosphaeroides, Ruminococcus bromii, and Clostridium leptum, Ruminococcus albus and Ruminococcus flavefaciens

19

UroA, UroB
Ser1410

Ruminococcus obeum-like bacteria (subgroup of Erec)
Genus Brachyspira

24
25

Bif164

Bifidobacterium

26

CF319a

Cytophaga-Flavobacteria group

27

Bac303
Bfra602

Bacteroides/Prevotella group
Bacteroides fragilis group

27
18
18

Bdis656

Bacteroides distasonis group

Fprau

Fusobacterium prausnitzii group

28

Dss658
Arch915

Sulfate reducing bacteria subgroup of delta proteobacteria
Archaea

29
30

Non338

Nonsense probe used to test for nonspecific binding

7
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Quantification of dynamic compartments The quantification
of the dynamic structures, such as bacterial populations of
crypts, bacteria organized in layers adjacent to the mucosa,
and the width and spread of the mucus, was based on the
mean values of at least ten photographs of different
microscopic fields made within each bowel segment at a
magnification of ×400 for layers and ×1 000 for crypts.

cells by triple identification with universal and group-specific
FISH probes and DAPI stain, in absence of cross-hybridization
or hybridization with the Non338 nonsense probe.
For each group-specific FISH probe, high power (×1 000
magnification) photographs were made of three different
microscopic fields within the intestinal lumen at the widest,
narrowest, and median diameters of each colonic segment.
The estimation of bacterial concentrations was made based
on the assumption that a 10-µL sample with a cell
concentration of 107 cells per mL brings 40 cells per average
microscopic field at magnification of 1 000 [4]. Two
investigators independently counted bacteria within a 50 µm2
area of the microscopic field (about 1 cm2 of the 100%
scale photographic image). The mean number of bacteria
was recorded for each colonic segment. In cases where single
bacterial cells were morphologically indistinguishable due
to high bacterial concentrations and the fluorescence was
confluent to a homogeneously fluorescent mass, no
enumeration was attempted and the bacterial concentration
was assigned a value of >10 12 per mL. If single bacterial
cells were not distinguishable within the bacterial carpet but
some empty gaps could be recognized, the bacterial
concentration was assigned a value of >1011 per mL.
Evaluation of spatial interrelationship of bacteria and
assessment of cross-hybridization The spatial organization
of bacteria was evaluated in three steps. Group or speciesspecific signals (green-orange fluorescence Cy3) were
visualized simultaneously with a Eub338 probe universal
for all relevant bacteria (dark red fluorescence Cy5). All
probes positively hybridizing with more than 1% of bacteria
were further combined with each other in pairs, in a twocolor analysis (Cy3 vs Cy5). This allowed us to characterize
the position of different bacterial groups relative to each
other within the intestine and to assess potential crosshybridization. Although probes chosen for this study were
designed for definite bacterial groups and extensively tested
(Table 1)[6-30] , the specificity of each probe is relative. In
these experiments, multiple observations were made to
determine whether bacteria that hybridized with one probe
gave a positive hybridization signal with a probe representing
other bacterial groups, rather than to rely on results obtained
with a single probe. When probes of unrelated bacterial
groups hybridized with the same bacteria, the hybridization
stringency was adjusted until a clear differentiation was
possible. Otherwise the results achieved with cross-hybridizing
probes were excluded.

Statistical analysis
Mean values and standard deviations were calculated for
bacteria concentrations and measurements of layer (e.g.,
mucus or interlaced) thickness. Using t-tests, P<0.05 was
considered statistically significant.

RESULTS
Distribution of bacteria within bowel based on hybridization
with universal bacterial probes
Healthy wild type mice The ileum was narrow. The few
microorganisms found were heterogeneously composed,
random, and without signs of adhesion or contact with the
intestinal wall (Figure 1).

E

L

Figure 1 I = ileum of a wild type normal mouse narrow and free of
bacteria in most parts. E = epithelium; L = lumen.

The cecum was wide and contained a highly concentrated
mass of bacteria. The exact enumeration of bacteria was
impossible since single bacteria could not be distinguished
within the confluent fluorescent carpet (Figure 2A). Luminal
bacteria were in direct contact with the wall of the cecum.
Despite this contact, the bacteria lining the cecal mucosa
were probably non-adherent. Shrinkage caused by fixation
sometimes led to dissection of feces from the cecal wall. In

B

A
E

F

Figure 2 Concentrated bacterial mass in direct contact with the mucosal surface (A) and non-adherent bacteria (B) in cecum of a healthy wild
type mouse. E = epithelium; F = feces. Arrow indicates the shrinkage of feces, arrowheads indicate bacteria in crypts.
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all regions where this dissection took place, no bacteria
adhered to the mucosal surface (Figure 2B). Abundant
bacteria were observed within crypts (Figure 2B, arrowheads).
The proximal colon was wide initially, and narrows
distally. Fecal bacteria were present in high numbers and
contacted the colonic wall along most of its length.
Numerous bacteria were seen in nearly half of all intestinal
crypts, even very deep within the wall. The number of crypts
containing bacteria and the number of bacteria within these
crypts were even higher in the proximal colon than in the cecum.
A thin but dense band of homogeneous bacteria was
present in the distal part of the colon. Because this band of
bacteria was interlaced between the epithelial wall and the
unorganized fecal masses, it was termed the interlaced layer
(Figure 3).
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F

M
E
100 m

Figure 5 Rectal mucosa covered with thick mucus (M). E =
epithelium, F = feces.

Figure 4 Middle colon in a normal mouse.

IL-10 knockout mice without colitis The bacterial
concentrations in the ileum of IL-10 knockout mice without
colitis were similar to findings in healthy WT mice. However,
the concentrations and occurrence of bacteria in crypts,
the thickness of the interlaced layer, and the overall
concentrations of fecal bacteria were noticeably less
compared to healthy WT mice (Table 2).
DSS-treated wild-type mice and IL-10 knockout mice
with colitis Five striking changes were observed both in
mice with colitis due to DSS exposure and in IL-10 knockout
mice with spontaneous severe colitis (Table 2). First, there
was a massive reduction of bacterial concentrations within
the fecal masses in all colonic segments compared to healthy
WT mice. Second, in inflamed colon, the middle colon lost
its dividing function. The narrowing observed in normal
WT mice was not observed in the colitis groups. The area
where fecal masses had direct contact with the mucosal
surface was reduced. The mucus gap separating the colonic
wall from the fecal biomass began more proximally than in
healthy WT mice. In mice with colitis, the mucus layer was
evident in the distal cecum and became broad and complete
in the proximal colon. Third, the number and occurrence
of bacteria within crypts increased manifold compared to
mice without colitis. Bacteria could be regularly seen even
in crypts of the inflamed distal colon, while bacteria were
seen only in the crypts of cecum and proximal colon in
healthy WT mice. Fourth, the interlaced layer became
extremely thick in the proximal and middle colon of mice
with colitis, and reached thicknesses of >300 µm in some
locations. The interlaced layer could be observed separating
feces from mucosa, beginning in the distal cecum and
continuing to the proximal portion of the distal colon. Fifth,
in addition to these gradual changes, bacteria adhering to
the mucosa or invading mucosal epithelial cells were seen
in mice with colitis, but not in healthy WT mice.

The colon lumen widened in the distal colon and was
filled with masses of feces containing a high concentration
of bacteria. A growing mucus gap devoid of bacteria
completely separated the colonic wall from this fecal
biomass. Nearly no bacteria was found in crypts and no
interlaced layer was seen.
The lumen of rectum was wide. The mucus layer
separating the bacteria from the mucosa continuously
thickened (Figure 5). No bacteria were found within crypts
in the rectum.

Compartment-specific composition of bacterial communities
in different colonic segments
Intestinal bacteria were organized in crypt, interlaced, fecal,
adhesive, and invasive compartments. Crypt, interlaced, and
fecal compartments were observed in all groups; however,
adhesive and invasive bacteria were seen only in animals with
colitis. The bacterial groups found in different compartments
are summarized in Table 3. Generally all bacterial groups that
were observed within the crypt compartment could also be
found in the interlaced and fecal compartments. However,
not all bacterial groups found in feces had access to the interlaced

E
I
F

Figure 3 Interlaced layer in the distal portion of the proximal colon.

The mid-colon was narrow, and generally contained little
feces. If present, fecal material was restricted to a fine tubelike structure located centrally within the intestinal lumen
and separated from the epithelial surface by mucus. Bacteria
were seen less often within crypts (Figure 4).

E

50 m
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Table 2 Spatial organization of intestinal bacteria based on FISH with Eub338 universal bacterial probe

Mean lumen width in
microscopic fields
(×10 00) between
opposite walls
Min -max
concentrations of
bacteria per mL
of feces
Min -max. length
of mucus gap
separating feces
from epithelium
Min-max width
of the mucus in
µm between
epithelium and feces
Mean percent of
crypts with bacteria
(mean-max number of
bacteria within each)
Min-max thickness
of the interlaced
layer (µm)

Group

Ileum

Cecum

Proximal

Middle

Distal

Rectum

WT
DSS
IL-10 CIL-10 C+
WT
DSS
IL-10 CIL-10 C+
WT
DSS
IL-10 CIL-10 C+
WT
DSS
IL-10 CIL-10 C+
WT
DSS
IL-10 CIL-10 C+
WT
DSS
IL-10 CIL-10 C+

Narrow 0.2
Narrow 0.1
Narrow 0.1
Narrow 0.3
0.2-2.5×107
<107
<107
<107
None
None
None
None
-

Broad 6.4
Broad 3.0
Broad 2.1
Broad 2.0
>1012
1.3-6.7×10 9
1.0-5.3×10 10
1.7-5.0×10 9
None
8-20%
5-10%
10-20%
0
0- 5
0-10
0-20
10% (3-12)
22% (4-25)
1% single
28% ( 3-20)
0
0-100
2-10
0-120

Narrowing 2.9
Irregular 0.9
Irregular 0.6
Irregular 0.6
>1012
1.2-4.0×109
1.0-5.2×1010
0.7-4.2×109
8-10%
40-50%
70-80%
50-80%
0- 5
0-10
0-10
0-20
16% (6-16)
44% (9-30)
5% (1-3)
34% (8-34)
5-25
80-400
<5
200-500

Narrow <0.1
Irregular 0.8
Irregular 0.5
Irregular 0.5
2.1-6.6×109
0.6-3.4×1010
0.7-4.2×109
80-90%
Complete
Complete
Complete
0-20
10-50
15-50
5-50
5% (single)
27% (4-15)
2% (single)
27% (2-20)
0-10
8-40
0
80-150

Widening 2.4
Irregular 0.6
Irregular 0.7
Irregular 0.5
>1012
1.8-2.2×109
1.2-1.9×1010
4.7-7.1×109
Complete
Complete
Complete
Complete
20-50
40-75
40-100
60-200
<1% (single)
16% (2-9)
1% (single)
16% (3-12)
0
0-2
0-2
0-15

Broad 2.5
Irregular 0.6
Irregular 1.2
Narrow 0.2
>1012
1.1-2.2×109
1.4-2.3×1010
4.7-9.2×109
Complete
Exudate
Complete
Exudate
30-100
60-150
60-200
Infiltrate
0
<1%
No
<1%
0
0-2
0
Infiltrate

-

Mean number of bacteria within crypts were counted in two different microscopic fields. Only crypts with bacteria were evaluated when mean number of
bacteria within crypts was determined.

compartment. In addition, some bacterial groups seen in
both fecal and interlaced compartments were never seen in
the crypt compartment (Table 3).
Table 3 Bacterial groups identified within defined compartments
FISH Probe
Erec
Alf1b
Lach
Phasco
Cor653
Lab158
Rbro
Rfla
Ehal
Bdis
Bac303
LGC
Clit135
Chis150
Ecyl
Bif164
Veil
UroB
UroA
HGC
Strc493
Ebac
Arc1430
Enc131
Ato291

Feces
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Interlaced
+
+
+
+
+
+/-1
+
+
+/-1
+/-1
-

Crypt
+
+
+
+
+
+
-

1
Composed of different morphotypes one of which could be found within and
one outside of the interlaced layer.

The composition of the bacterial populations within
single compartments (feces, interlaced, crypt) was the same
in all investigated groups of animals. However, the spread,

extent, and volume of these different compartments within
different colonic segments differed markedly between
groups with and without colitis, irrespective of the etiology
of the inflammation.
Fecal compartment The composition of the bacterial
community in the lumen of ileum could not be reliably
evaluated in all groups of mice due to low bacterial
concentrations and their irregular distribution within the
lumen. Different bacterial groups found in the ileum
appeared to be at random and varied from animal to animal
in an unpredictable manner.
All bacterial groups that were positively hybridized with
FISH probes were homogeneously mixed within the feces,
without a gradient in distribution between regions adjacent
to the mucosa and distant regions (Figure 6). The Arch915,
Gam42a, Beta42a, Srb385, Bfra602, CF319a probes
demonstrated a high grade of cross-hybridization and were
excluded from the evaluation. The Erec, Lach, Alf1b,
Phasco, Lab158 and Bac303 probes hybridized with more
than 10% of the fecal population at least in one of the
animals tested. The Rbro, Chis150, Clit135, Ehal, Ecyl, LGC,
Cor653, Bdis659 probes hybridized with more than 1% of
the fecal population. The Bif164, HGC, Rfla, Enc131, Veil,
Ato291, UroB, UroA, Strc493, Ebac, Arc1430 probes
hybridized with less than 1% of the population. Despite
this low overall proportion, the absolute number of these
bacterial groups was higher than 107 cells/mL and therefore,
easy to distinguish from the non-specific background. The
Ec1531, Y16s-69, Sgd, Fprau, Sfb, Hpy-1, Efaec, Ser1410,
Dss658 probes failed to give signals that were different from
the background fluorescence seen with the nonsense probe.
Changes in bacterial concentrations within the fecal
compartment from the cecum to the rectum The types
of bacteria present in the fecal compartment were constant
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Figure 6 Fecal bacteria hybridized with Bacteroides (Cy3 green-orange, 6A) and Erec (Cy5 red, 6B) probes, cecum of healthy WT mice.

in all colonic segments and animal groups; however, the
concentrations differed markedly. This was illustrated by
the changes in mean concentrations of bacteria that
hybridized with Erec and Bac303 probes, the two most
abundant bacterial groups within the fecal compartment,
during the transition from cecum to rectum (Table 4).
Table 4 Mean concentrations of selected bacterial groups comprising more than 10% of the population within the fecal compartment
of cecum and rectum
Probe

Group

Cecum

Rectum

Erec

WT
DSS
IL-10 CIL-10 C+
WT
DSS
IL-10 CIL-10 C+ 28 wk

80×109
13×108
15×108
8×108
2.8×108
1×10 8
5×108
11×10 8

0.8×109
0.3×108
25×108
12×108
2.1×108
0.5×108
2×108
5×108

Bac

Bacterial groups found both in the crypt and fecal
compartments (e.g., Erec, Alpf1b, Phasco, etc.; Table 3) were
predominant in the cecum of healthy WT mice and their
concentrations declined distally. The concentrations of
bacterial groups found mainly in feces (e.g., Bacteroides,
Clit135, Chis150, etc. Table 3) remained relatively stable
throughout the colon. Thus their concentrations increased
relative to the Erec-like groups.
Crypt bacterial communities Crypt bacteria were mainly
found in the cecum and proximal colon of healthy WT
mice (Table 2). Starting with the middle colon, bacteria could
be only sporadically observed within the crypts. No bacteria
were found within crypts of the distal colon and rectum.
The occurrence and number of crypt bacteria were
significantly reduced in IL-10 knockout mice without colitis.
In contrast, in both DSS mice with colitis and IL-10
knockout mice with spontaneous colitis, the crypt population
was amplified and crypt bacteria could be seen sporadically
even in the rectum (Table 2). Despite this significant
difference in the extent and the distribution of crypt
communities, the composition of the crypt population was
the same in all investigated animal groups. Groups hybridizing
with the Alf1b, Erec (Lach), Phasco and Lab158 probes
were detected within crypts in different combinations. In
the cecum, crypt bacteria directly contacted fecal masses
and these bacteria were the main constituents of the fecal

compartment. Bacteria positively hybridizing with Bac303
(Bacteroides), Chis150 (Clostridium histolyticum), and Clit135
(including Clostridium difficile) probes were never identified
within crypts of any of the groups investigated (Table 3),
although they were homogeneously intermixed within the
fecal compartment and directly contacted the mucosa and
crypt mouths in the cecum. In the proximal colon, the groups
of bacteria that were present within crypts formed the
interlaced layer before they mixed with the fecal compartment.
Interlaced layer The interlaced layer was mainly composed
of the same bacterial groups that were present within the
crypts (Table 3). These bacteria were condensed in extremely
dense mats adjacent to the mucosa, which were clearly
demarcated from the rest of the feces. This layer was
relatively thin in WT mice and in IL-10 knockout mice
without colitis. However, the interlaced layer was markedly
amplified in all mice with colitis.
The concentration of bacteria into the interlaced layer
was not simply numerical. The interlaced layer prevented
the mucosa from contact with bacterial groups hybridizing
with Bac303 (Bacteroides) and Clit135 (Clostridium difficile) probes
which were observed in the cecum and initial parts of the
proximal colon in healthy WT mice (Figure 6). The blocking
role of the interlaced layer was especially well seen when pairs
of probes representing all (Eub338)/interlaced (Erec, Alf1b,
Phasco, Lab158, etc.) and exclusively fecal (e.g., Bac303, Clit135)
bacterial population were simultaneously used (Figures 7, 8).
Adhesive bacteria Bacteria had direct contact with the
cecal wall in healthy WT mice. These bacteria were separated
completely from the wall when the fecal masses shrank
during fixation without that bacteria adhered to the colonic
surface (Figure 2B). Bacterial-mucosal contact in the cecum
was therefore not adhesive.
True adhesion was observed in all animals with colitis.
This was characterized by bacteria, which lined the mucosal
surface and were located beneath the mucus layer. This
true adhesion was found in at least one location in all animals
with colitis, but was observed mainly in the distal portion
of the colon (Figure 9). Sixty percent of adhesive bacteria
were Bacteroides.
Invading bacteria Bacteria invading the mucosa were
found exclusively in the rectum and distal colon of DSS
and IL-10 knockout mice with colitis (Figure 10). The types
of invading bacteria were heterogeneous but mainly
represented bacteria of the Bacteroides and Erec groups. The
proportion of Bacteroides to Erec was more than three to one.
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Figure 7 Interlaced layer in the proximal colon of IL-10 mice with colitis visualized simultaneously by hybridization with Bac303 (Cy3 greenorange, 7A) and Eub338 probes (Cy5 red, 7B).
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Figure 8 Interlaced layer in proximal colon of DSS mice visualized simultaneously by hybridization with Clit135 (Cy5 red, 8A) and Lab158
probes (Cy3 green-orange, 8B). I = interlaced layer, E = epithelium, F = feces.

E

Figure 9 Bacteria location below the intact mucus layer (arrowheads)
and adherence to the colonic mucosa in DSS-exposed mice.

100 m
Figure 10 Bacteria infiltrating the mucosa in distal colon of IL-10
mice with colitis (arrowheads).

DISCUSSION
In the present study we described a novel approach for the
characterization of biofilm in the murine intestine. The
utilization of the broad in situ typing methodology, described
herein, allowed
for the first time to visualize the spatial
E
complexity of murine intestinal microbiota in health and
disease. Our results clearly show that normal murine intestinal
flora is highly differentiated, organized in structurally
definitive, distinctively composed compartments, which are
typical for each colonic segment and closely interrelated to
colonic function. Finally, we report, for the first time, that
intestinal inflammation is associated with spatial redistribution of specific groups of bacteria in the large
intestine of mice.
In recent years a large amount of data has emerged
that point out the importance of biofilm in environmental
microbiology in such diverse settings as implantable medical
devices[31] and dental plaque[32,33]. In regards to the intestinal
microbiota, however, detailed investigations are clearly
lacking. The limited number of studies that incorporated
FISH technology to investigate microorganisms in histologic
material of human or animal intestines has dealt for the most
part with the detection and enumeration of bacteria[34-36].
In contrast, in the present study, we modified the existing
methodology to achieve better characterization of the spatial
association between intestinal bacteria and the mucosal
environment. First, to accomplish optimal resolution of the
spatial structures, our technique included probes, which have
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been shown to express low bacterial specificity taking into
account some level of uncertainty in regard to the specificity
of identification of bacteria and the sensitivity of
enumeration studies. Second, we hybridized all probes that
generated positive signals in multiple combinations to each
other. Probes, which cross-hybridized with a subset of
bacteria even when high stringency conditions were applied,
were subsequently excluded from the evaluation.
A major finding of our study is the clear diversity
observed between different intestinal segments in regards
to the number of intraluminal bacteria and the localization
of microorganisms in relation to intestinal wall. Specifically,
in our study, bacteria were rare in the small intestine. On
the contrary, with the exception of middle colon, all colonic
segments were found to contain a large number of bacteria
within the fecal mass. Striking differences, however, were
observed between proximal and distal colonic areas regarding
the position of microorganisms in relation to the bowel
wall. Indeed, not only were the cecum and proximal colon
tightly filled with high concentrations of bacteria, but direct
contact of all involved bacterial groups with the bowel wall
was observed as well. More importantly, abundant bacteria
within colonic crypts were a uniform characteristic of
proximal large intestinal segments. On the other hand, in
the distal colon and rectum intraluminal bacteria were
prohibited from contact to the bowel wall, whereas no
microorganisms were detected in the colonic crypts.
We hypothesize that the differences in the spatial
association between commensal bacteria and murine colonic
wall replicate functional differences between individual
colonic segments. First, our data indicate that the cecum
and proximal colon, where direct contact of bacteria and
bowel wall takes place, are involved in the proper
fermentation reactor of the large bowel in mice. In addition,
the rich bacterial population found within the crypts of
proximal colonic segments of WT mice contradicts the
previous assumption that such localization of bacteria
indicates the presence of disturbed mucosal barrier[38]. A
more plausible explanation is that these bacteria represent
inocula used by the host to boost and maintain the stability
of fermentation. This notion is strongly supported by the
fact that intracryptic bacteria are devoid of potentially
harmful species such as Bacteroides (Bac303) or Clostridium
difficile (Clit135). Second, our findings support the concept
that, different from the proximal colon, the distal colon
functions mainly as a segregation device. In fact, the waste
product segregation is managed by a mucus layer that
normally starts in the middle colon and becomes fully
developed in the distal colon, where the number of crypt
bacteria continuously declines. The composition of mucins
in the proximal and distal colonic segments in mice and
men has been extensively studied and marked differences
were previously described[37]. The lack of detection of a
mucus layer by in situ hybridization in the cecum and
proximal colon of WT mice does not indicate that mucin
production by the cecal epithelium does not occur. It is
more probable that mucus secreted in the murine cecum is
penetrable by bacteria and does not lead to the development
of the mucus layer, which physically separates the fecal
masses from the epithelium. The “physiological” contact
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that takes place between bacteria and proximal large intestinal
wall may underlie the tolerance of the colonic epithelium
towards commensal flora that characterizes the healthy state.
More importantly it offers an attractive explanation as to
why colitis very often originates in the distal colon, where
the bacteria are separated from the mucosa and tolerance
does not develop. The functional differences between
proximal and distal colon in healthy WT mice are further
emphasized during peristalsis. The proximal and distal parts
of the healthy WT mouse colon are dilated and filled with
feces and divided by a narrow middle colon, which prevents
the intermixing of the two reservoirs.
A unique finding in our study is the identification of the
interlaced bacterial layer. This represents a bacterial sheet
that is composed of selected microbial groups, which grow
in dense mats between feces and mucosa and are
impenetrable for most fecal bacteria. The interlaced layer
is an entirely new entity observed in the transition zone
between proximal and distal colon. The reason why previous
studies failed to detect this distinctive layer may lie in the
fact that the interlaced layer is relatively thin in healthy WT
mice and poorly contrasts against the bright fluorescence
of highly concentrated dense fecal compartment when
universal probes or single group-specific probes are used.
It can be definitively recognized only when pairs of probes
specific for strictly fecal bacteria such as Bacteroides along
with crypt-specific bacterial probes such as Erec are
concomitantly applied, an approach that has not been
practiced until now. The functional peculiarities of the
interlaced layer indicate that it could be nature’s solution
for preventing the spoiling of the fermentation by
overgrowth of contaminants or facultative pathogens.
Our studies in DSS-treated and IL-10 knockout mice
clearly demonstrate that, in the setting of intestinal
inflammation, the described complex cooperative work of
macro and microorganisms within the intestinal lumen was
deranged. The development of colitis introduced changes
that can be interpreted as increasing host intolerance to the
fecal flora. First, in the inflamed colon the formation of
the mucus layer that prevents contact of feces with the
colonic wall moved proximally and became detectable in
the cecum. Second, the spread and width of the mucus
layer significantly increased throughout the colon. Third,
redistribution of the intestinal microorganisms occurred that
was highly selective and compartment-specific. Indeed, the
concentrations of bacteria in the fecal compartment dropped
dramatically. Nevertheless, while microorganisms were
suppressed within the fecal compartment, the intra-cryptic
bacterial groups recognized by the Alf1b, Erec, Phasco and
Lab158 probes as well as the interlaced bacterial layer were
enhanced in their growth. Both the number of crypts
containing bacteria and the number of bacteria within single
crypts significantly increased in mice with colitis.
Furthermore, intra-cryptic bacteria were regularly found
even in the distal colon. The interlaced layer got especially
dense and thick in the inflamed proximal and middle colon
and spread up into the cecum. Although these results indicate
an activation of intestinal defense mechanisms in mice with
colitis, as expressed by the wider spread and increased
thickness of mucus and the interlaced layer, fecal bacteria
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are able to overcome the defense lines. In fact a definite
discriminatory characteristic between healthy and colitic
mice is the presence of invasive bacteria and bacteria that
were adhesive to the mucosa below the mucus in the latter
group. Specification analysis revealed that Eubacterium rectale
group was most numerous in crypts, feces and the interlaced
layer. On the other hand, Bacteroides species dominated the
adhesive and invasive populations documenting the changing
spectrum of bacteria involved in the inflammatory process.
In conclusion, the present study indicates that the
proximal, middle and distal colonic segments appear to be
physiologically distinct with respect to their interactions with
bacteria. On the other hand, bacterial attachment to the
mucosa can follow one of three principally different
processes: fermentation (facilitated by direct contact to the
proximal colonic wall), protection (through the formation
of an isolating interlaced layer), and inflammation (adhesion
and invasion). These processes are differently expressed
throughout the colon and have opposite meanings in each
case and position. The first is reduced, whereas the last two
are enhanced in colitis. As an end result, the interrelation
between bacteria and colonic epithelium and the state that
predominates (tolerance vs. inflammation) is constantly
defined by the mode of bacterial attachment and the colonic
segment where this attachment takes place. The spatial,
segment-specific structure and differential response of
specific bacterial groups and compartments to inflammatory
stimuli may be pivotal for the clarification of many past
inconsistencies of experimental and clinical research
regarding the pathogenic role of bacteria in IBD[38-41] and is
a promising goal for future studies.
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Abstract
AIM: Silymarin is a potent antioxidant, antiinflammatory
and anti-fibrogenic agent in the liver, which is mediated
by alteration of hepatic Kupffer cell function, lipid
peroxidation, and collagen production. Especially, in
hepatic fibrogenesis, mast cells are expressed in chronic
inflammatory conditions, and promote fibroblast growth
and stimulate production of the extracellular matrix by
hepatic stellate cells.
METHODS: We examined the inhibitory mechanism of
silymarin on CCl4-induced hepatic cirrhosis in rats. At 4, 8,
and 12 wk, liver tissues were examined histopathologically
for fibrotic changes produced by silymarin treatment.
RESULTS: In the silymarin with CCl4 -treated group,
increase of hepatic stellate cells and TGF-1 production
were lower than in the CCl4-treated group at early stages.
Additionally, at the late fibrogenic stage, expressions of
TGF-1 were weaker and especially not expressed in
hepatocytes located in peripheral areas. Moreover, the
number of mast cell in portal areas gradually increased
and was dependent on the fibrogenic stage, but those of
CCl4+silymarin-treated group decreased significantly.
CONCLUSION: Anti-fibrotic and antiinflammatory effects
of silymarin were associated with activation of hepatic
stellate cells through the expression of TGF-1 and
stabilization of mast cells. These results suggest that
silymarin prevent hepatic fibrosis through suppression of
inflammation and hypoxia in the hepatic fibrogenesis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Silymarin, a standardized extract of the milk thistle (Silybum
marianum [L.] Gaertner) has a long tradition as an herbal
remedy[1] . The flavonoid silymarin was introduced as a
“hepatoprotective” agent a few years ago and is used
clinically in Europe and Asia for the treatment of liver
diseases[2]. The protective action of silymarin is explicable
in terms of its capacity for trapping free radicals and has a
stabilizing effect on the cytoplasmic membranes. In
experimental animals, this flavonoid has a protective action
on the liver, which is particularly vulnerable to poisoning by
several hepatotoxic substances such as carbon tetrachloride
(CCl4), thioacetamide, and D-galactosamine[3]. Silymarin is
a potent antioxidant that inhibits lipid peroxide formation
in the liver cells[4], and possesses antiinflammatory properties
mediated by alteration of hepatic Kupffer cell function[5].
Hepatic fibrosis has been noted in chronic liver disease,
and is characterized by increased production and deposition
of collagen, glycoproteins, and proteoglycans that compose
the extracellular matrix (ECM)[6] . Availability of animal
models is crucial for the study of liver fibrosis and/or
cirrhosis. It is well known that hepatic cirrhosis animal
models for chronic liver damage induced by CCl4 in rats
produce liver fibrosis and biochemical and histological
patterns that resemble human liver cirrhosis[7]. Thus, the
rat model of liver cirrhosis has been useful in studying the
effects of hepatoprotective drugs with therapeutic potential
to be used in hu mans [8] . In hepatic fibrogenesis,
myofibroblasts (MFBs) such as hepatic stellate cells (HSCs)
are the major source of increased ECM [6]. When they are
exposed to soluble factors from damaged hepatocytes and
from activated Kupffer cells, MFBs will lose Vitamin A
and their lipid contents and undergo activation. The activated
MFBs migrate and proliferate at the site of liver injury,
playing a pivotal role in the formation of fibrous tissue[9].
Among the various cytokines, TGF-1 plays an important
role as a profibrogenic factor in chronic liver disease,
triggering the expression of procollagen-I and tissue inhibitor
of metalloproteinases-1 (TIMP-1), key effectors of
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fibrogenesis. TGF-1 is also the most potent mast cell
chemo-attractant so far identified and induces mast cell
migration at femtomolar (fM) concentrations. Various other
cell types, e.g., monocytes, neutrophils, and fibroblasts also
migrate towards TGF-1[10].
Mast cells, which are derived from hematopoietic
progenitors, leave the bone marrow and migrate to areas
of inflammation. A number of factors responsible for this
directional migration and tissue maturation of mast cells
have been identified. These include the CXC family of
chemokines, stem cell factor (also known as kit-ligand, steel
factor, and mast cell growth factor), and TGF-1[11]. Thus,
the activation of mast cells and the subsequent exocytosis
of granules are followed by production and secretion of
cytokines and other factors that lead to leukocyte infiltration
and local inflammation. Mast cell hyperplasia in the liver
has also been observed in a variety of experimental models
of rat liver fibrosis, such as that induced by CCl 4 ,
diethylnitrosamine, radiation, porcine serum, and bile duct
resection[12]. In addition, silymarin acts to stabilize hepatocyte
membranes and block receptor binding of various toxins
and drugs. Antioxidant activity is also hepatoprotective
in vivo and in vitro studies, showing that silymarin has free
radical scavenging activity and enhances superoxide
dismutase action in erythrocytes and lymphocytes [13].
Silymarin also protects against glutathione depletion and
increases protein synthesis by hepatocytes when there is
damage to parenchymatous tissue[14].
In this study, we examined the inhibitory mechanism of
silymarin on CCl4-induced hepatic cirrhosis in rats. The
objective of the present study was to observe the alteration
of MFBs, TGF-1, and mast cells histopathologically on
the silymarin treatment and to elucidate the correlation
between these changes and the antifibrotic effect of
silymarin.

MATERIALS AND METHODS
Animals and treatments
Studies were performed on thirty male Wistar rats weighing
130-150 g. They were housed in a room at 22±2 ℃ and a
12-h light-dark cycle. Feed (PMI Nutrition International,
USA) and water were supplied ad libitum.
Hepatic fibrosis was induced experimentally by
intraperitoneal injection (IP) of 1.0 mL/kg body weight of
10% CCl4 (Sigma, USA) dissolved in olive oil (Sigma, USA),
three times a week for 12 wk. Two groups of fifteen animals
each were used. These groups are schematically shown in
Table 1. The first (CCl4) group received CCl4, 1.0 mL/kg
IP three times a week and 0.25% carboxymethylcellulose
(CMC, Sigma, USA), 1.0 mL/kg per oral, 5 d a week
for 12 wk. The second (CCl4+Sily) group received CCl4,
1.0 mg/kg IP and a daily oral dose of 50 mg/kg silymarin
5 times a week. Silymarin was given as a suspension in
0.25% CMC. Five rats of each group were sacrificed at wk
4, 8, and 12 respectively.
Serum biochemical measurements
Serum was collected and assayed for alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) using standard
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Table 1 Experimental designs used in this study
Group ID Number
of animal
CCl4
CCl4 + Sily

Treatment

Sacrificed time

15

CCl4, 1.0 mg/(kg·d), IP 3 times a wk

15

0.25% CMC, 1 mL/(kg·d), PO 5 times a wk
CCl4, 1.0 mg/(kg·d), IP 3 times a wk
4, 8, 12 wk

4, 8, 12 wk

Silymarin, 50 mg/(kg·d), PO 5 times a wk

enzymatic assay kits. Each assay is a colorimetric assay with
detection of a highly colored end product measured at
490-520 nm using autoanalyzer - UV/V is spectrophotometer
(Hitachi 736-10, Hitachi, Japan). The absorbance of each
end product is proportional to the enzyme’s activity.
Determination of hepatic hydroxyproline content
Hydroxyproline (HYP) was determinated colorimetrically
in duplicates from 0.2 g of liver tissue using a modified
method of Jamall et al [15]. Briefly, the frozen tissue was
homogenized in 4 mL of 6N HCl and hydrolyzed at 110 ℃
for 16 h. The hydrolysate was filtered, and then 30 L
aliquot of these samples was evaporated under vacuum.
The sediment was dissolved in 1.2 mL of isopropanol and
incubated with 0.2 mL of 0.84% chloramines-T in acetatecitrate buffer (pH 6.0) for 10 min at room temperature.
Then, 1.0 mL of Ehrlich’s reagent was added and the
mixture was incubated at 60 ℃ for 25 min. The absorbance
of the sample solution was measured at 560 nm wavelength
(Hitachi 736-10, Hitachi, Japan). Next, the hydroxyproline
content in 100 mg of liver was calculated from the standard
curve of 4-hydroxy-L-proline (Sigma, USA) (g/100 mg
liver weight).
Histopathological analysis
Liver tissues from each rat were rapidly removed, fixed in
10% neutral-buffered formalin, and processed routinely.
Paraffin-embedded sections were cut into 4 m thick
sections. The sections were stained with hematoxylin and
eosin (HE) and with special Azan stain, for collagen fibers.
In there experiments, the degree of fibrosis in each section
of liver was classified as a grade 0-4[16].
Immunohistochemistry
Liver sections were deparaffinized in xylene, dehydrated in
graded alcohol series, and for the block of endogenous
peroxidase, sections were incubated in a solution of 3%
hydrogen peroxide (H2O2) in methanol for 10 min. Tissue
sections were washed with PBS containing 0.03% non-fat
milk and 0.01% Tween 20, and then immunostained with
primary antibodies for alpha-smooth muscle actin (alphaSMA) and TGF-1. The antigen-antibody complex was
visualized by a labeled streptavidin-biotin method using a
Histostatin-PLUS Bulk Kit (Zymed Laboratories Inc., USA)
and followed by diaminobenzidine (DAB) as a chromogen.
After washing, slides were counter-stained with Meyer’s
hematoxylin and washed with tap water. The primary
antibodies used were monoclonal anti -SMA at a dilution
of 1:800 (clone 1A4, Sigma, USA) and polygonal rabbit
LC[1-30] antibody to mature TGF-1 (kindly provided by
Dr. Seong-Jin Kim) at a dilution of 1:100 respectively. Non-
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Number of mast cells in liver tissue
Toluidine blue staining for mast cells was performed by
immersion of liver sections in 0.1% toluidine blue (Sigma,
USA) for 1 min at room temperature. The number of mast
cells was quantified in 25 randomly selected, non-overlapping
fields and expressed as the number of mast cells/mm2.
Statistical analysis
All results were expressed as mean and standard deviation
(SD). Statistical analysis of the data was done using InStat
program (GraphPad Software Inc.). A Mann-Whitney
U-test was conducted and the data that were considered to
be significantly different were reported at probability levels
of P<0.05 or P<0.005, as indicated.

RESULTS
Serum biochemistry
Serum ALT and AST levels of all CCl4-tested animals
increased in a time-dependent fashion during the whole of
experimental period (Figure 1). These changes indicated that
liver damage and inflammation were induced successfully
by injection of CCl4 and were similar to previous results.
However, in the CCl4+silymarin treatment group, increases
of serum ALT and AST levels were lower than those of
the CCl4, control group. The reduced ALT and AST activities
of the silymarin-treated group were 30%, 72% and 33%
compared to increases of 8%, 55% and 34% in the CCl4treated groups, at 4, 8, and 12 wk.

ALT (IU/L)

1 000

500

CCl4 Sily
4

CCl4 Sily
8

CCl4 Sily
12 (wk)

CCl4 Sily
4

CCl4 Sily
8

CCl4 Sily
12 (wk)

B
AST (IU/L)

1 500
1 000
500
0

40
c

30
a
20

10

0
CCl4 Sily

CCl4 Sily

CCl4 Sily

4

8

12 (wk)

Figure 2 Hydroxyproline content determinated in the livers of CCl4 or CCl4 with silymarin-treated groups. At 4, 8 and 12 wk, HYP contents of CCl4 with silymarin-treated group (black bar) reduced compared to those of control group (open bar). Data are expressed as
the mean±SD (n = 5). aP<0.05 means significant compared to that of
CCl4 -treated groups. cP<0.005 means significant compared to that
of CCl4 -treated groups.

A 1 500

0

Collagen accumulation
Collagen contents of liver tissue were quantified by
determination of the hydroxyproline content (Figure 2).
In the CCl 4-treated group, hydroxyproline contents at
4, 8, and 12 wk increased 21.81±3.37, 24.31±0.91, and
43.26±1.41 g/100 mg liver weight respectively.
However, in the CCl4+silymarin-treated group, the HYP
contents at 4, 8, and 12 wk were 18.05±1.89, 20.5±1.92,
and 27.5±0.69 g/100 mg liver weight respectively. At 4,
8, and 12 wk, these HYP contents of CCl4+silymarin-treated
group were reduced by 17%, 16%, and 36% respectively
compared to those of control group. Reduced HYP contents
of 8 and 12 wk in the CCl4+silymarin-treated group were
statistically significant, P<0.05 and <0.005 respectively.

Hydroxyproline concentration
(g/100 mg liver weight)

immunized goat sera, which were used instead of the
primary antibody, served as the negative control.
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Figure 1 Serum ALT and AST levels in the CCl4- or CCl4 with silymarintreated groups. A: Serum ALT levels were detected at 4, 8, and 12 wk;
B: Serum AST levels were detected at 4, 8, and 12 wk. In the CCl4
with silymarin-treated group (black bar), increase of serum ALT and
AST levels were lower than those of CCl4-treated group (open bar).

Histopathological observations
During the process of cirrhosis, the grade of hepatic fibrosis
changed from grade 0 to grade 4 (Table 2). At 4 wk,
centrilobular necrosis and moderate fatty change of liver
were found in the CCl4-only-treated group. In this group,
there was collagen accumulation around the blood vessels
(Figure 3A, G). At 8 wk, fatty change was rarely observed,
but collagen fibers were more abundant in the centrilobular
area and neighboring central veins were bridged by fibrous
septa. Then, pseudolobuli were formed by thin fibrous septa
(Figure 3B, H). At 12 wk, pseudolobuli were formed and
macrovesicular lipid droplets were detected. The collagenous
septa were much thicker, and pseudolobuli were subdivided
into smaller lobuli (Figure 3C, I).
In the silymarin with CCl4 injection group, at 4 wk, the
presence of connective tissue was almost normal around
the central veins (Figure 3D, J). At wk 8, moderate to severe
fatty change was detected around the periportal area and
central vein. A slight accumulation and spread of collagen
fibers around central veins was observed too (Figure 3E, K).
At wk 12, large lipid accumulation was detected more than
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Table 2 Histopathological findings of liver tissue in the CCl4 - or CCl4 with silymarin-treated groups
4 wk

8 wk

12 wk

Group
Grade1
CCl4
CCl4+Sily

Lesion

Grade

Lesion

Grade

2

Mild fibrosis

3

Severe fibrosis

4

0-1

Mild fatty change

1-2

Mild fatty change and fibrosis

2-3

Lesion
Cirrhosis
Severe fatty change and fibrosis

1
Fibrotic grade classified by Fujiwara et al., Grade 0: none, Grade 1: short collagen extended from central veins, Grade 2: slender septa link the central veins but
lobular architecture is preserved, Grade 3: pseudolobuli are formed thin septa, Grade 4: parenchyma is subdivided into pseudolobuli by thin septa.

A

B

C

D

E

F

G

H

I

J

K

L

Figure 3 Hepatic fibrosis and accumulation of collagen in only CCl4 - or CCl4 with silymarin-treated groups. In only CCl4-treated group - A and
G: At 4 wk, collagen (arrowhead) accumulation around the blood vessels; B and H: At 8 wk, collagen fiber (arrowhead) was more abundant in
the centrilobular area and neighboring central veins were bridged by fibrous septa; C and I: At 12 wk, pseudolobuli were formed actively and
macrovesicular lipid droplets were detected. The collagenous septa (arrowhead) were much thicker, and pseudolobuli were subdivided into
smaller lobuli. In CCl4 with silymarin-treated groups - D and J: At 4 wk, connective tissue was almost normal around the areas of central veins;
E and K: At 8 wk, the slight accumulation and spread of collagen fibers around central veins was observed; F and L: At 12 wk, large lipid
accumulation was detected more than that of CCl4 -treated group and pseudolobuli were formed by thin collagenous septa. HE stain, A-F; Azan
stain, G-L. Original magnification: ×33, A-L.

that of the CCl 4-treated group and pseudolobuli were
formed by thin collagenous septa (Figure 3F, L). The
presence of collagenous fibers, as demonstrated by Azan
stain, was confirmed too.
Immunohistochemical analysis
Normal expression of myofibroblasts (MFBs) (e.g., hepatic
stellate cells, HSCs, etc.) was identified by -SMA-positive
staining and was limited to the central veins and portal triad.
As liver damage, progressed -SMA-positive cells markedly

increased around blood vessels and fibrotic tissue in the
CCl4-only-treated group at wk 4, 8, and 12 (Figure 4A-C).
In the silymarin with CCl4-treated group, at 4 wk, -SMApositive cells were slightly detected around central and portal
veins, the same as in the control group (Figure 4D), and
then at wk 8 increasing -SMA-positive MFBs exhibited
the same pattern of collagen fiber spread from the central
veins (Figure 4E). However, the numbers of -SMA-positive
cells in the silymarin with CCl4-treated group was lower than
in the CCl4-only-treated group at wk 8 (Figure 4B, E). At
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Figure 4 Positive reactive cells for -SMA, TGF-1 in only CCl4- or CCl4 with silymarin-treated groups. In only CCl4-treated group - A: Weak
positive reaction for -SMA was detected at 4 wk; B: At 8 wk, increasing positive reaction for -SMA was observed around fibrous septa; C:
At 12 wk, -SMA-positive cells observed a little decreasing along to the thick collagenous septa. In CCl4 with silymarin-treated group -D:
positive reaction for -SMA was slightly detected at 4 wk; E: At 8 wk, -SMA-positive cells were lower than that of CCl4 -only-treated group;
F: At 12 wk, positive expression of -SMA was shown the same pattern with result of CCl4-treated group at 8 wk. In only CCl4-treated group
-G: Weak positive reaction for TGF-1 (arrowhead) was detected in portal triad at wk 4; H: At 8 wk, increasing positive reaction for TGF-1
(arrowhead) was observed in macrophage and around fibrous septa; I: At 12 wk, several hepatocytes (open arrowhead), located peripherally
within pseudolobules, were observed TGFbeta1-positive immunoreaction. In CCl4 with silymarin-treated group - J: At 4 wk, positive reaction
for TGF-1 (arrowhead) was slightly detected in macrophages; K: At 8 wk, positive reactive cells for TGF-1 (arrowhead) were lower than that
of CCl4 -only-treated group; L: At 12 wk, expressions of TGFbeta1 (arrowhead) were seen weaker than those of CCl4 -treated group and not
detected in hepatocytes. Immunostaining for -SMA (A-F) and TGF-1 (G-L) with hematoxylin counterstain. Original magnifications: ×33 (A-F);
×132 (G-L).

wk 12, the CCl4-treated group developed into a cirrhotic
stage, and -SMA-positive MFBs were observed mild along
to the thick collagenous septa (Figure 4C), compared to
8 wk. This indicated expression of the collagen matrix in
the hepatocytes against activation of myofibroblasts, which
disappeared at the stage of cirrhosis. However, at 12 wk,
MFBs of the CCl4+silymarin-treated group showed positive
expression of -SMA identical to the pattern in fibrosis
(Figure 4F).
During hepatic fibrogenesis in CCl4-treated group,
expression of TGF-1 was detected in bile ductular epithelial
cells and macrophages at 4 and 8 wk (Figure 4G, H). As
the fibrotic grade increased, the positive reaction of
TGF-1 was predominantly expressed in the macrophages
and MFBs. Significantly, at 12 wk several hepatocytes showed
TGF-1-positive immunoreaction. These hepatocytes were
located peripherally within the pseudolobules (Figure 4I).

However, in the CCl4+silymarin-treated group, the expression
of TGF-1 was weaker than in the CCl4-treated group
(Figure 4J-L).
Recruitment of mast cells in liver tissue
In toluidine blue stained liver sections from the CCl4-treated
group mast cells were oval in shape with metachromatic
granules in portal areas (Figure 5). At 4, 8, and 12 wk, the
number of mast cells of the CCl4-treated group increased
gradually: 12.43±2.38, 18.17±2.12 and 21.8±4.92 cells/mm2
respectively. However, in the CCl4+silymarin-treated group,
the number of mast cell were 10±3.33, 12.42±2.35, and
12.17±3.07 cells/mm 2 respectively (Figure 6). These
numbers for the CCl4+silymarin-treated group decreased
significantly by 19%, 32%, and 44% compared to those of
CCl4-treated group, indicating a silymarin-mediated protective
mechanism.
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Figure 5 Toluidine blue-stained liver tissue of only CCl4 - or CCl4 with silymarin-treated groups. In only CCl4-treated group - A: At 4 wk, specific
toluidine blue-stained mast cells (arrowhead) were detected in periportal region; B: At 8 wk, the number of mast cell increased; C: At 12 wk,
mast cells increased along the thick collagenous septa. In CCl 4 with silymarin-treated group - D: Positive reaction for toluidine blue
(arrowhead) was slightly detected at 4 wk; E: At 8 wk, -SMA-positive cells were lower than that of CCl4 -only-treated group; F: At 12 wk,
positive expression of -SMA was shown in the same pattern as with the result of CCl4 -treated group at 8 wk. Toluidine blue stain, A-F. Original
magnification: ×132, A-F.
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Figure 6 Recruitment of mast cell numbers in only CCl4- or CCl4 with
silymarin-treated groups. At 4, 8 and 12 wk, mast cell numbers of
CCl4 with silymarin-treated group (black bar) significantly reduced
compared to those of control group (open bar). Data are expressed
as the mean±SD. a P<0.05 means significant compared to that of
CCl4 -treated groups. cP<0.005 smeans significant compared to that
of CCl4 -treated groups.

DISCUSSION
Silymarin is well known to be a protective agent against
various hepatotoxins, such as acetaminophen, alcohol,
carbon tetrachloride, tetrachloromethane, and toluene[17] .
Pretreating rats and mice with silymarin before exposure to
these chemical hepatotoxins significantly reduced lipid
peroxidation and hepatotoxicity [3]. Additionally, the
pharmacological effects of silymarin include regulation of
cell membrane permeability, leukotriene inhibition, reactive
oxygen species scavenging, and suppression of NF-kappaB
DNA binding activity[18].
In animal studies, silymarin is as effective as colchicine
in reversing hepatic fibrosis due to CCl4-induced damage[1].
A CCl4-induced hepatic cirrhosis rat model has been useful

in studying the effects of hepatoprotective drugs with
therapeutic potential to be used in humans[8]. In the current
study, hepatic fibrosis/cirrhosis was successfully induced
by CCl4 injection in rats and flavorous results were obtained
similar to previous study. Total hepatic collagen contents
determined by hydroxyproline content increased gradually
during experimental period and histopathological findings
of fibrosis/cirrhosis were observed in H&E and the Azanstained section. In the present study, the hepatoprotective
effect of silymarin was determined in CCl4-induced liver
cirrhosis of rats. In the CCl4 with silymarin-treated group,
total hepatic collagen contents were significantly lower than
in the CCl 4-treated group especially at 8 and 12 wk.
Additionally histopathological findings of fibrosis/cirrhosis
were revealed a significant reduction in the CCl4-treated
group. Similar experiments by Favari et al reported the
reduction of lipid peroxidation, Na+, K+, and Ca2+-ATPase
levels and increases of collagen content[3,19].
In hepatic fibrogenesis, myofibroblasts (MFBs) are the
major source of increased ECM. The activated MFBs
migrate and proliferate at the site of liver injury and play a
pivotal role in the formation of fibrous tissue. Therefore,
activated MFBs are considered the major cellular target to
prevent the progression of liver fibrosis during the new
drug development[9]. In addition, transforming growth factor
beta (TGF-) is a potent fibrogenic cytokine produced by
Kupffer cells and HSCs. There is a prolonged increase of
TGF-1 expression during hepatic fibrosis in CCl4- and
diethylnitrosamine-induced models[20] and in patients with
cirrhosis induced by alcohol or viral hepatitis[21].
In the current study, as liver damage progressed in the
CCl4-only-treated group, -SMA-positive cells markedly
increased around fibrous septa. The number of these cells
increased from wk 4 to 8, but slightly decreased along the
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thick collagenous septa at 12 wk, developed into the cirrhotic
stage. Characteristically, in immunohistochemical analysis
for TGF-1, positive reactions were mainly expressed by
HSC and macrophages around the portal region, at early
(4 wk) and middle (8 wk) stages of the fibrotic processes,
but they were predominantly observed in hepatocytes located
in pseudolobules peripherally, at the cirrhosis-occurred stage
(12 wk). The mechanism of TGF-1 expression in
hepatocytes has been studied by several researchers, but is
still unclear. Furthermore, these alterations of TGF-1
expression were already reported by our laboratory and we
suggested that hypoxia might be associated with fibrogenesis
in the liver[22]. However, in the silymarin+CCl4-treated group
of our study, there was increase of -SMA-positive cells
such as MFBs, lower than that of CCl4-only-treated group,
at 4, 8, and 12 wk. Additionally, expressions of TGF-1
were weaker than those of CCl4-treated group, during all
experimental periods, especially at 12 wk not expressed in
hepatocyte located in peripheral areas of pseudolobules.
Thus, based on the results of the current study, it is concluded
that silymarin has protective effect of proliferation and
TGF-1 production in MFBs.
Fuchs et al [23] reported on the basis of in vitro studies
that the potential antifibrotic properties of silymarin might
be the inhibition of hepatic stellate cell proliferation and
transformation. Jia et al[24] observed that silymarin suppresses
expression of profibrogenic procollagen alpha1 (I) and
TIMP-1 most likely via down-regulation of TGF-1 mRNA
in rats with biliary fibrosis. However, in vivo studies of the
anti-fibrotic activities of silymarin have not yet elucidated
histopathologically the preventive mechanism of activation
or proliferation of MFBs by silymarin during the CCl4induced hepatic fibrogenesis. These results suggest that
alterations of the numbers of MFBs and TGF-1 expression
in the liver may be involved in the hepatoprotective effects
of silymarin observed in other studies. Another study of
silymarin explained the antifibrotic action through the effects
on TGF-1 expression[24] . Silymarin has been noted to
regenerate cells and enhance RNA synthesis in the rat liver[25].
In liver fibrosis and/or cirrhosis, several studies have
reported a relationship between mast cell density,
hepatocellular damage, mRNA encoding TGF-1, hepatic
stellate cell activation, and collagen levels[26-28]. Mast cells
have been implicated in chronic inflammatory conditions
resulting in fibrosis, such as Crohn’s disease, and have been
identified in human liver. The number of mast cells are
reported to increase in chronic liver diseases associated with
fibrosis[12]. Armbrust et al [29] demonstrated that in the late
stage of liver fibrogenesis, mast cells may be involved by
displaying protease inhibitory activity in the fibrotic septa.
In our previous study, the chronic injection of CCl4 induced
rat liver cirrhosis concomitant with a marked increase of
mast cells[30] . In this study, the number of mast cells in
portal areas gradually increased in the fibrogenic stage, but
the number of mast cells in the CCl4+silymarin-treated group
decreased significantly compared to those of CCl4-treated
group. In the study of Fantozzi et al, there was inhibition
of neutrophil-mediated histamine release dose-dependently.
These results further stress the concept of a neutrophilmast cell interaction, which may be involved in inflammatory
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processes[31]. Moreover, mast cells secrete various mediators,
which promote fibroblast growth, stimulate production of
the extracellular matrix by fibroblasts of hepatic stellate
cells, and produce components of the extramedullary matrix
themselves[32,33]. However, it is unclear whether they play a
central role in its development.
The anti-inflammatory effects of silymarin are also based
on multiple activities including mast cell stabilization,
inhibition of neutrophil migration, Kupffer cell inhibition,
inhibition of leukotrienes, and prostaglandin formation.
However, results of earlier studies have not histopathologically
shown expression of mast cells in fibrotic liver tissue after
silymarin treatment. Thus, silymarin has been histopathologically
shown to have significant antiinflammatory effect on hepatic
tissue, including mast cell stabilization. In addition, it is likely
that the hepatoprotective effect of silymarin is related to
prevention of hypoxia in hepatic fibrogenesis.
In conclusion, the anti-fibrotic and antiinflammatory
effects of silymarin were histopathologically observed in
the hepatic fibrogenesis of chronic liver damage induced
by CCl 4 treatment. Furthermore, these effects were
associated with activation of MFBs, expression of TGF-1,
and stabilization of mast cells. These results suggest that
silymarin prevents hepatic fibrosis through the suppression
of inflammation and hypoxia in CCl4-induced rat liver
cirrhosis.
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Abstract
AIM: Nuclear factor kappa B (NF-B) regulates a large
number of genes involved in the inflammatory response
to critical illnesses, but it is not known if and how NF-B
is activated and intercellular adhesion molecule-1 (ICAM-1)
expressed in the gut following traumatic brain injury (TBI).
The aim of current study was to investigate the temporal
pattern of intestinal NF-B activation and ICAM-1
expression following TBI.
METHODS: Male Wistar rats were randomly divided into
six groups (6 rats in each group) including controls with
sham operation and TBI groups at hours 3, 12, 24, and
72, and on d 7. Parietal brain contusion was adopted
using weight-dropping method. All rats were decapitated
at corresponding time point and mid-jejunum samples
were taken. NF-B binding activity in jejunal tissue was
measured using EMSA. Immunohistochemistry was used
for detection of ICAM-1 expression in jejunal samples.
RESULTS: There was a very low NF-B binding activity
and little ICAM-1 expression in the gut of control rats
after sham surgery. NF-B binding activity in jejunum
significantly increased by 160% at 3 h following TBI
(P <0.05 vs control), peaked at 72 h (500% increase)
and remained elevated on d 7 post-injury by 390%
increase. Compared to controls, ICAM-1 was significantly
up-regulated on the endothelia of microvessels in villous
interstitium and lamina propria by 24 h following TBI and
maximally expressed at 72 h post-injury (P<0.001). The
endothelial ICAM-1 immunoreactivity in jejunal mucosa
still remained strong on d 7 post-injury. The peak of NF-B
activation and endothelial ICAM-1 expression coincided
in time with the period during which secondary mucosal
injury of the gut was also at their culmination following TBI.

CONCLUSION: TBI could induce an immediate and
persistent up-regulation of NF-B activity and subsequent
up-regulation of ICAM-1 expression in the intestine.
Inflammatory response mediated by increased NF-B
activation and ICAM-1 expression may play an important
role in the pathogenesis of acute gut mucosal injury
following TBI.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The importance of the intestinal mucosa in the inflammatory
and metabolic responses to sepsis, trauma and other critical
illnesses is increasingly recognized. Major trauma and shock
may initiate a cascade of intestinal events such as intestinal
cytokine overproduction[1-3], increased intestinal permeability[4-6],
translocation of intestinal bacteria and endotoxins[7]. These
events may not only influence the intestinal mucosa itself,
but also may affect the function and integrity of remote
organs and tissues[8], leading to systemic inflammatory
response syndrome (SIRS) and multiple organ dysfunction
syndrome (MODS)[9]. Indeed, the gut has been proposed
to be the “motor” of MODS in critical illnesses[4,7,10], mainly
through the inflammatory response mediated by nuclear
factor kappa B (NF-B) and proinflammatory cytokines[1].
Our previous study demonstrated that traumatic brain injury
(TBI) could induce marked damage of intestinal mucosal
structure and barrier function[5]. However, the underlying
mechanism for the acute gut mucosal injury induced by
TBI remains unclear.
NF-B is a transcription factor that plays a key role in
the activation of genes involved in immune and acute phase
responses[11,12]. NF-B can be activated by lesion-induced
oxidative stress, bacterial endotoxin or cytokines, and
subsequently increases transcriptionally the expression of
the genes for many cytokines[13,14], enzymes[15] and adhesion
molecules[16], which have been believed to be involved in
the acute inflammatory response. Adhesion molecules can
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recruit inflammatory cells, such as neutrophils, eosinophils,
and T lymphocytes, from the circulation to the site of
inflammation to release inflammatory mediators responsible
for the gut mucosal damage. NF-B regulates the expression
of several genes that encode these adhesion molecules,
including intercellular adhesion molecule-1 (ICAM-1) and
E-selectin[16-18], which mediates the initial attachment and
rolling of neutrophils, and vascular-cell adhesion molecule-1
(VCAM-1)[19], which mediates the recruitment of monocytes
and lymphocytes. Several studies have shown that NF-B
and ICAM-1 play an important role in the pathogenesis of
chronic inflammatory bowel disease (IBD)[13,14,20,21]. Taken
together, the activation of intestinal NF-B could induce
the up-regulation of ICAM-1, leading to the recruitment
of inflammatory cells and exacerbating intestinal
inflammation. Intestinal inflammation has been viewed as a
process in which gut-derived effector immune cells cause
the destruction of other mucosal cells[1,20,22].
To date, there has been no study on intestinal NF-B
binding activity and ICAM-1 expression induced by TBI.
Insight into these cellular and molecular events occurring
in the gut might contribute to the understanding of
inflammatory response and potential mechanisms involved
in the acute intestinal mucosal injury following TBI. In this
regard, the aim of current study was to evaluate the temporal
pattern of intestinal NF-B activation and ICAM-1
expression following TBI.

MATERIALS AND METHODS
Rat models of TBI
Male Wistar rats (220 to 250 g) were purchased from Animal
Center of Chinese Academy of Sciences, Shanghai, China.
The rats were housed in temperature- and humiditycontrolled animal quarters with a 12 h light/dark cycle, room
temperature (RT) at 23±1 ℃ and free access to water.
Physiological parameters and eating behaviors were
monitored to avoid the confounding variable of different
food intakes between the groups on mucosal responses
throughout the experiments. All procedures were approved
by the Institutional Animal Care Committee, and were in
accordance with the guidelines of the National Institutes of
Health on the care and use of animals.
The rats were randomly divided into six groups (6 rats
in each group) including control group with sham operation
and traumatic brain injury groups at hours 3, 12, 24, and
72, and on d 7 respectively. Following intraperitoneal
anesthesia with urethane (1 000 mg/kg), the animal head
was fixed in the stereotactic device. A right parietal bone
window of 5 mm in diameter was made under aseptic
conditions with dental drill just behind the cranial coronal
suture and beside midline. The dura was kept intact. Right
parietal brain contusion was adopted using the weightdropping method described by Feeney et al [23] and severe
traumatic brain injury was made by letting a steel rod
weighing 40 g with a flat end diameter of 4 mm fall onto a
piston resting on the dura from a height of 25 cm. The
piston was allowed to compress the brain tissue a maximum
of 5 mm. Our preliminary study showed that there was no
significant difference between all control rats at various time
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points from 3 h to 7 d. Therefore, we chose the rats with
sham surgery for 72 h as the control group. The control
animals were killed for sample collection at 72 h, and TBI
group rats were decapitated at their corresponding time
points. A 3 cm segment of the midjejunum was taken,
flushed with ice-cold saline, opened longitudinally and stored
in liquid nitrogen immediately until use.
Nuclear protein extracts and EMSA
NF-B was examined using electrophoretic mobility shift
assay (EMSA). Nuclear extracts of intestinal tissue were
prepared by hypotonic lyses followed by high salt extraction[24].
In brief, about 0.1 g of frozen jejunal tissue was homogenized
in 0.8 mL ice-cold buffer A, composed of 10 mmol/L
HEPES (pH 7.9), 10 mmol/L KCl, 2 mmol/L MgCl 2 ,
0.1 mmol/L EDTA, 1.0 mmol/L dithiothreitol (DTT), and
0.5 mmol/L phenylmethylsulfonyl fluoride (PMSF) (all from
Sigma Chemical Co.). The homogenate was incubated on
ice for 20 min, and then 50 L of 10% Nonidet P-40
solution was added (Sigma Chemical Co.); the mixture was
vortexed for 30 s and spun by centrifugation for 1 min at
5 000 g, 4 ℃. The crude nuclear pellet was resuspended in
200 L of buffer B, containing 20 mmol/L HEPES (pH
7.9), 420 mmol/L NaCl, 1.5 mmol/L MgCl2, 0.1 mmol/L
EDTA, 1 mmol/L DTT, 0.5 mmol/L PMSF, 250 mL/L
glycerol, and incubated on ice for 30 min with intermittent
mixing. The suspension was spun by centrifugation at
12 000 g, 4 ℃ for 15 min. The supernatant containing
nuclear proteins was collected and stored at -70 ℃ for
further analysis. Protein concentration was determined using
a bicinchoninic acid assay kit with bovine serum albumin as
the standard (Pierce Biochemicals, Rockford, IL).
EMSA was performed using a commercial kit (Gel Shift
Assay System, Promega, Madison, WI). NF-B consensus
oligonucleotide probe (5’-AGTTGAGGGGACTTTCC
CAGGC-3’) was end-labeled with [-32P] ATP (Free Biotech,
Beijing, China) and T4-polynucleotide kinase. Nuclear
protein (20 µg) was pre-incubated in a total volume of 9 µL
in a binding buffer, consisting of 10 mmol/L Tris-Cl, pH
7.5, 1 mmol/L MgCl2, 50 mmol/L NaCl, 0.5 mmol/L
EDTA, 0.5 mmol/L DTT, 4% glycerol, and 0.05 g/L of
polydeoxyinosinic deoxycytidylic acid (dI-dC) for 15 min at
room temperature. After addition of the 32P-labeled
oligonucleotide probe, the incubation was continued for
20 min at room temperature. Reaction was stopped by
addition of 1 µL of gel loading buffer and the mixture was
subjected to non-denaturing 4% polyacrylamide gel
electrophoresis in a TBE buffer (Tris-borate-EDTA). The
gel was vacuum-dried and exposed to x-ray (Fuji Hyperfilm)
at -70 ℃ till an intensifying screen. Levels of NF-B DNA
binding activity was quantified by computer-assisted
densitometric scanning and expressed as an arbitrary
densitometric unit (ADU).
Detection of ICAM-1 expression in jejunal tissue
The 10% buffered for malin-fixed jejunal tissue was
embedded in paraffin, sectioned in 4 m thickness with a
microtome and stained with hematoxylin and eosin (H-E).
The H-E stained sections were examined under a microscope
for any alteration in histopathology. Rabbit anti CD54
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(ICAM-1) primary antibody was purchased from Boster
Biotechnology Co., Ltd, China and the working dilutions
for these antibodies were 1:100. For immunohistochemistry,
sections were incubated in phosphate-buffered saline (PBS)
with 5% normal horse serum and 0.3% Triton X-100 for
1 h at RT. Sections were washed three times with PBS and
incubated with primary antibody to ICAM-1 for 2 h at RT.
After washing with PBS, sections were incubated with
biotinylated second antibodies for 1 h at RT. Sections
incubated in the absence of primary antibody were used as
negative controls. Microscopy of the immunohistochemically
stained tissue sections was performed by an experienced
pathologist blinded to the experimental condition. Evaluation
of sections was, therefore undertaken by assessing the intensity
of staining (5 grades). “0” indicates that there were no detectable
positive cells; “1” indicates very low density of positive cells;
“2” indicates a moderate density of positive cells; “3”
indicates the higher, but not maximal density of positive
cells; and “4” indicates the highest density of positive cells.
Statistical analysis
Software SPSS 11.0 was used in the statistical analysis. Each
parameter was presented as mean±SD, and compared using
one-way ANOVA analysis of variance, followed by Dunnett
T3 post hoc test. The level of significance was set at P<0.05.

RESULTS
NF-B binding activity in the jejunal tissue
There was a very low NF-B binding activity in the rats of
control group, which showed almost undetectable band
intensity in EMSA autoradiograph. Compared to control
group, NF-B binding activity in the jejunum following TBI
significantly increased (about 160%) by 3 h after TBI, being
highest (about 500% increase) at 72 h post-injury, and
remained elevated (about 390% increase) at 7 d post-injury
(Figure 1). The specificity of the DNA/protein was
determined by competition reactions in which a 100-fold
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molar excess of unlabeled NF-B oligonucleotide (specific
competitor) or unlabeled AP2 oligonucleotide (nonspecific
competitor) was added to the binding reaction 10 min before
the addition of radiolabeled probe using Hela nuclear
extract (Figure 2).

1 2 3 4
NF-B →

Free probe →
Figure 2 Results of competitive electrophoretic mobility shift assay for NF-B activity. Lane 1, negative control, no Hela nuclear
extract; lane 2, positive control, Hela nuclear extract; lane 3, Hela
nuclear extract plus 100-fold molar excess of unlabeled NF-B consensus oligo (specific competitor); lane 4, Hela nuclear extract plus
100-fold molar excess of unlabeled AP2 consensus oligo (nonspecific
competitor). This autoradiograph is representative of 2 independent experiments.

Expression of ICAM-1 in jejunum
The endothelial ICAM-1 expression in jejunum was not
significantly different among groups of control, TBI 3 h
and 12 h, in which there were few ICAM-1-positive
microvessels (Figures 3, 4A). Compared to controls, ICAM-1
was significantly up-regulated in the endothelia of
microvessels in villous interstitium and lamina propria by
24 h following TBI (Figure 4B) and maximally expressed at
72 h post-injury (Figure 3, 4C), with marked destruction of
villous structure. The endothelial ICAM-1 immunoreactivity
in jejunal mucosa still remained strong on d 7 post-injury
(Figures 3, 4D), accompanied by mucosal atrophy and villous
fusion[5]. The ICAM-1-positive endothelial cells were shown
as nigger-brown granules.

1 2 3 4 5 6

b

20

b

b

15
10

b

a

5
0
Control 3 h 12 h 24 h 72 h 7 d
Time after TBI

Figure 1 Jejunal NF-B binding activity following TBI. As compared
with control group, NF-B binding activity in the jejunal tissue following TBI significantly increased at 3 h after TBI, being highest at
72 h postinjury, and remained elevated by 7 d postinjury. Upper:
EMSA autoradiogram. Lane 1, control; lane 2, 3 h postinjury; lane 3,
12 h postinjury; lane 4, 24 h postinjury; lane 5, 72 h postinjury; lane 6,
7 d postinjury. Lower: bar graph showing the mean band intensity of
EMSA autoradiograph in the jejunal tissue of control, 3, 12, 24, 72 h and
7 d postinjury. aP<0.05, bP<0.01. mean±SD of six animals in each group.

Median rank of ICAM-1 expression

Intestinal NF-B binding
activity (ADU)

NF-B →
4.5

f

4.0
3.5
3.0

d
b

2.5
2.0
1.5
1.0
0.5
Control 3 h 12 h 24 h 72 h 7 d
Time after TBI

Figure 3 Expression intensity of ICAM-1 in jejunum, manifested as
median rank. There was no significant difference in the ICAM-1 positive cells among the rats of control group, TBI 3 h and 12 h. As
compared to controls, ICAM-1 immunoreactivity was significantly
up-regulated on the endothelia of microvessels in villous interstitium and lamina propria by 24 h following TBI and maximally expressed at 72 h postinjury. The endothelial ICAM-1 expression in
jejunal interstitium still remained high at 7 d postinjury. bP = 0.01 vs
control, d P = 0.001 vs control, fP<0.001 vs control.
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C

B

E
D

Figure 4 ICAM-1 immunohistochemical staining of jejunal tissue,
indicated by the arrows. A: almost undetectable ICAM-1 expression
in the villi from control rats; B: moderate ICAM-1 immunoreactivity
in the villous interstitium at 24 h postinjury, with the villi well defined;
C: strong ICAM-1 immunoreactivity in the villous interstitium at 72 h
postinjury, with the villi disarranged and the ICAM-1 posit ive
endothelial cells shown as nigger-brown granules; D: marked ICAM1 immunohistochemical staining of microvessels in the intestinal
lamina propria at 72 h postinjury; E: high ICAM-1 immunoreactivity
in the villous interstitium at 7 d postinjury, with the villi atrophic
and sparse.

DISCUSSION
The most important finding of the present study is that
TBI might induce a significant up-regulation of NF-B
activity and ICAM-1 immunoreactivity in the intestine. The
activation of NF-B significantly increased by 3 h following
TBI, peaked at 72 h and remained elevated on d 7 postinjury. Otherwise, the expression of ICAM-1 was
significantly up-regulated in the intestine by 24 h following
TBI and peaked at 72 h post-injury. The peak of NF-B
activation and ICAM-1 expression coincided in time with
the period during which secondary mucosal injury of the
gut was also at its culmination following TBI[5], indicating
that intestinal inflammatory response mediated by NF-B
and ICAM-1 might play an important role in the acute gut
mucosal damage induced by TBI.
NF-B is a protein transcription factor that functions
to enhance the transcription of a variety of genes, including
cytokines, growth factors, intercellular adhesion molecules,
immunoreceptors and acute-phase proteins[12-14] . Under
normal conditions, NF-B is complexed in the cytoplasm,
where it is inactive, through an interaction of the p65 or
c-Rel subunit with inhibitory proteins termed inhibitory kappa
B (IB)[11]. In response to a variety of extracellular stimuli
such as proinflammatory cytokines (e.g., IL-1, TNF-),
lipopolysaccharides (LPS), mitogens, viral proteins, ionizing
radiation and certain chemical agents[12], at least two of the
IB proteins (IB and IB) are rapidly phosphorylated
by the recently identified IB kinase complex at two
conserved N-terminal residues. Phosphorylated IB is then
rapidly polyubiquitinated, and targeted for degradation
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through proteasome. Once IB is degraded, the nuclear
localization sequence of NF-B is exposed, allowing its
translocation to the nucleus and activation of gene
transcription.
To the best of our knowledge, till now no study has
been found in the literature on the intestinal NF-B
activation after trauma. Information about the intestinal
activation and regulation of NF-B induced by trauma is
not well understood. Concerning the importance of NF-B
in the inflammatory response[13,14] and gut in MODS[4,7,10], it
is necessary to explore the temporal pattern of intestinal
NF-B activation under the condition of trauma. Although
current study has shown that TBI could lead to an immediate
and persistent NF-B activation in the gut, the potential
mechanism underlying the initial and subsequent activation of
intestinal NF-B following TBI remains unclear. De Plaen[25]
have previously shown that NF-B was constitutively active
at low levels in the small intestine of rats, mainly as p50
homodimers, and could be activated by PAF in vivo within
30 min and was localized in both epithelial cells and lamina
propria cells by immunohistochemical studies. Several factors
might promote the activation of intestinal NF-B, including
ischemia-reperfusion, cytokines and reactive oxygen species[26]
in the gut. Splanchnic hypoperfusion is a common
phenomenon in trauma due to sympathetic response and
adaptive regulation of blood supply to vital organs. Therefore,
it is highly suggested that gut ischemia and subsequent
reactive oxygen species might initiate the NF-B activation,
which can be persistently up-regulated by overproduction
of intestinal proinflammatory cytokines following TBI.
Under normal physiological condition, there is no NF-B
activation. After trauma and other pathological stimuli,
NF-B is activated and required for maximal transcription
of many cytokines and adhesion molecules[13,14], including
TNF-, IL-6 and ICAM-1, which are thought to be important
in the generation of acute inflammatory responses[21,27] and
chronic inflammatory bowel disease[13,21]. Several animal
models have been developed to evaluate the role of NF-B
in the production of inflammatory events[27-29]. Activation
of NF-B correlates with the expression of mRNA for
cytokine-induced neutrophil chemoattractant (CINC), a
neutrophil chemotactic chemokine, and these events are
followed by an influx of neutrophils into the inflamed site[29].
Neurath[27] recently reported an interesting study in which
experimental colitis in mice was effectively blocked by the
administration of anti-sense oligonucleotides to the Rel A
subunit of NF-B. These findings support the concept that
NF-B plays a pivotal role in the inflammatory response and
regulating NF-B activation can alter inflammatory events.
The intestinal inflammatory response following trauma
is characterized by intestinal recruitments of neutrophils
and monocytes by releasing proinflammatory cytokines,
elastase and superoxide, which can lead to gut mucosal
injury[30]. The adhesion to vascular endothelium and infiltration
into the gut mucosa of leukocytes are orchestrated by specific
adhesion proteins on both endothelial cells and leukocytes.
Up-regulation of adhesion molecule is the basis of priming
and activation of leukocytes. ICAM-1 is a member of the
immunoglobulin superfamily, which is inducible by NF-B
and inflammatory cytokines such as IL-1 and TNF-.
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ICAM-1 might be up-regulated to involve in the adhesion
and infiltration of leukocytes into the injured site[31,32]. There
is a low expression of ICAM-1 in normal intestinal epithelium.
In this study, increased ICAM-1 immunoreactivity was
observed in intestinal villi and lamina propria following TBI.
Increased induction of ICAM-1 immunoreactivity in jejunal
vessels might promote leukocyte adhesion to the intestinal
vascular endothelia and the infiltration of leukocytes by
interactions between ICAM-1 and a group of CD11/CD18
glycoproteins on leukocytes, and further support the local
accumulation and activation of immunocompetent cells,
leading to the gut mucosal damage.
Because of the central role of NF-B in the inflammatory
response, many researches are presently focused on different
methods by which NF-B activation can be reduced. Recent
studies suggested that NF-B DNA-binding activity in
intestinal mucosa during endotoxemia was reduced by
induction of the stress response[33], antioxidants[34,35], some
anti-inflammatory compounds including glucocorticoids and
salicylates[36]. In addition, local or systemic administration
of anti-sense oligonucleotides to the NF-B subunit p65
decreased intestinal inflammation in murine experimental
colitis[27] . This may be a brand-new direction for further
research on the control of inflammatory response induced
by TBI.
In summary, we have shown that TBI could induce a
significant up-regulation of intestinal NF-B activation and
ICAM-1 immunoreactivity. The peak of NF-B activation
and ICAM-1 immunoreactivity coincides in time with the
period during which secondary mucosal injury of the gut is
also at its culmination following TBI. Inflammatory response
mediated mainly by NF-B and ICAM-1 may play an
important role in the pathogenesis of acute gut mucosal
damage following TBI.
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Abstract
AIM: To investigate the therapeutic effects of Guiyuanfang
and bone marrow stem cells (BMSCs) on rats with liver
fibrosis.
METHODS: Liver fibrosis model was induced by carbon
tetrachloride, ethanol, high lipid and as sess ed
biochemically and histologically. Liver function and
hydroxyproline contents of liver tissue were determined.
Serum hyaluronic acid (HA) level and procollagen III level
were performed by radioimmunoassay. The VG staining
was used to evaluate the collagen deposit in the liver.
Immunohistochemical SABC methods were used to detect
transplanted BMSCs and expression of urokinase
plasminogen activator (uPA).
RESULTS: Serum transaminase level and liver fibrosis in
rats were markedly reduced by Guiyuanfang and BMSCs. HA
level and procollagen III level were also reduced obviously,
compared to model rats (HA: 47.18±10.97 ng/mL,
48.96±14.79 ng/mL; PCIII: 22.48±5.46 ng/mL, 26.90±3.35
ng/mL; P<0.05). Hydroxyproline contents of liver tissue
in both BMSCs group and Guiyuanfang group were far
lower than that of model group (1 227.2±43.1 g/g liver
tissue, 1390.8±156.3 g/g liver tissue; P<0.01). After
treatment fibrosis scores were also reduced. Both
Guiyuanfang and BMSCs could increase the expression of
uPA. The transplanted BMSCs could engraft, survive, and
proliferate in the liver.

CONCLUSION: Guiyuanfang protects against liver fibrosis.
Transplanted BMSCs may engraft, survive, and proliferate
in the fibrosis livers indefinitely. Guiyuanfang may
synergize with BMSCs to improve recovery from liver fibrosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
China has a high incidence of hepatic injury and fibrosis.
Current therapeutic options for liver fibrosis, unfortunately,
remain inadequate and as a result, the social economic
burden remains high. Until now, effective drugs are still
lacking, so it is most urgent that some novel effective
therapies be developed. In near future, targeting of stellate
cells, gene therapy, cytokine antagonist, and fibrogenic
mediators will be a mainstay of antifibrotic therapy. Natural
extracts with putative antifibrotic activity have gained
increasing attention[1]. TCM could lead to new prospects
for the therapy of fibrosis. A lot of Traditional Chinese
Materia Medica, such as Danshen, Danggui, Gancao[2] ,
Xiaocaihu Tang, Fufang 861, Fuzhenghuayufang, and so
on, have been documented effective. Our previous study
showed that the Guiyuanfang was very effective for liver
injury.
Severe liver dysfunction on terminal liver failure can be
reversed by orthotopic liver transplantation, but with the
necessity for chronic immunosuppression of the recipient
and with the need to wait for a donor liver, sometimes for
years, due to paucity of liver donors. A variety of technical,
financial, and logistic issues, however, limits its application
to a relatively small percentage of patients with liver
disease.
Hepatocyte transplantation is emerging as a potential
treatment to augment cell number in diseased liver, and to
show early promising[3,4]. Hepatocyte transplantation is now
being done successfully to sustain liver function in patients
awaiting liver transplantation[5]. It not only provides temporary
liver function in patients but has also shown to be curative in
certain metabolic conditions[6,7]. This procedure may be even
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an alternative to orthotopic liver transplantation. Theoretically,
hepatocyte transplantation would be less invasive and
technically less demanding than whole organ transplantation
and, if the procedure could be performed percutaneously,
recipients would not require prolonged hospitalization.
Isolated liver cells can be cryopreserved for emergency use[8,9].
The major limitation to this form of therapy is the
availability of human livers as a source of hepatocytes.
Others were immune allograft rejection and proliferative
capacity of liver cells. The bone marrow may be a possible
adult reservoir of totipotent stem cells or a novel location
for various types of determined stem cells [10-12]. Bone
marrow cells can be easily obtained from adult marrow
opening the possibility of autologous transplantation.
Autologous stem cell transplantation for the treatment of
diseased liver is becoming an increasingly promising strategy.
We propose to alleviate or overcome the liver problem by
developing novel therapies using autologous bone marrow
stem cells (BMSCs) and TCM. We attempt to confirm the
anti-fibrotic activities of TCM and autologous BMSCs.
Could the BMSCs survive, proliferate, and differentiate in
the fibrotic environment? Could TCM synergize with the
BMSCs to improve the diseased liver?

MATERIALS AND METHODS
Animals
Normal Sprague-Dawley rats weighing 180-220 g were
obtained from Beijing Tonglihua Experimental Animal Center
(China). All animals received care in compliance with the
guidelines of China Ministry of Health.
Reagents
The Guiyuanfang consists of four Traditional Chinese
Materia Medica purchased from Beijing Tongrentang
Pharmaceutical Co., Ltd (Beijing, China), all the herbal was
identified by Professor Li JS in the Beijing University of
Traditional Chinese Medicine (TCM). ALT Kit, AST Kit,
Albumin Kit, and Total Protein kit were all purchased from
ZhongShan Biotechnology Co. Ltd (Beijing, China). 5Bromide-2’-deoxygen-uridine (BrdU) was purchased from
Boehringer Co., Ltd (Germany). SABC kit, DSABC kit,
and antibody were purchased from Boster Company
(Wuhan, China). Hydroxyproline kit was purchased from
Jiancheng Biotechnology Co., Ltd (Nanjing, China). All other
reagents used were of analytical grade.
Preparation and culture of BMSCs of rats
Bone marrow cells were collected from the femora of
Sprague-Dawley rats. Mononuclear cells were obtained by
a Percoll-separation step. The mononuclear cells were
inoculated at a density of 1×105/cm2 into 6-well plates. These
plates were pre-coated with 0.1% Matrigel (BD). Basal media
used were -MEM supplemented with 10 ng/mL EGF
(BD) and 5% fetal bovine serum (Hyclone). EGF was
freshly added when the medium was changed every 3 d.
Each culture was labeled according to the animal numbers.
After 4 wk the cultures were transplanted to the liver of
the same rats. Before the transplantation the 5 L BrdU
solution (50 mg BrdU dissolved in 0.8 mL DMSO, added
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1.2 mL ddH2O) was added into the cultures.
Complex factors (carbon tetrachloride, ethanol, and high lipid)
induced hepatic fibrosis and treatment
Fibrosis was induced using carbon tetrachloride, alcohol,
and high lipid diet. Briefly, rats were given alcohol (diluted
1:9 in water) added to the drinking water. CCl4 (diluted
4:6 in olive oil) was given subcutaneously twice a week.
The initial dose was 0.5 mL/kg body weight, but subsequent
dose was adjusted weekly based on the changes in body
weight. When there was no change or an increase in body
weight, CCl4 was given at 0.3 mL/kg. When body weight
decreased by 1-10 g, CCl4 was given at 0.15 mL/kg. When
body weight decreased by more than 10 g, CCl4 was not
given and the CCl4 dose was reassessed 1 wk later. During
the fibrotic model replicated, the rats were fed a high-lipid
diet (corn powder 79.5%, lard 20%, 0.5% cholesterol). Eight
weeks later, rats were randomly allocated to the different
groups. For BMSCs transplantation, a small surgical incision
was made in the flank and the portal vein was exposed.
Five million BMSCs, suspended in 0.5 mL MEM medium,
were injected into the portal vein in 5 min. At the end of
the experiment all rats were killed, blood samples were drawn
from celiac artery, and the sera were isolated and stored at
-20 ℃, a portion of the liver was flash frozen in liquid
nitrogen and stored at -70 ℃ until assayed or fixed in 10%
neutral buffered formalin for 18-24 h and paraffin
embedded.
Assay for liver function and hydroxyproline levels
Sera were analyzed for alanine transaminase (ALT), aspartate
transaminase (AST), albumin (ALB), and total protein (TP),
and hydroxyproline contents of liver tissue were determined
by a biochemical kit according to the manufacturer’s
instructions. The assay of serum hyaluronic acid (HA) level
and procollagen III level was performed with specific
radioimmunoassay kit.
Tissue analysis
Samples were obtained from the same liver lobe in all
animals and fixed in 10% buffered formalin, embedded in
paraffin, sectioned, and stained with hematoxylin-eosin or
Van Gieson solutions. Fibrosis was scored according to the
following scoring system modified from HAI System[13];
I = thickened perivenular collagen and a few thin collagen
septa; II = thin septa with incomplete bridging between
portal regions; III = thin septa and extensive bridging; IV =
thickened septa with complete bridging of portal regions
and a nodular appearance.
Immunohistochemistry
Indirect immunohistochemistry analysis of urokinase
plasminogen activators (uPAs) expression was performed
on liver sections. Briefly, tissue sections were deparaffinized,
and endogenous peroxidase activity was blocked by
incubation of tissue in 3% H2O2 for 10 min. Primary antiuPA antibody was applied at 4 ℃ for overnight; rabbit IgG
was used as a negative control. Then they were incubated
with second antibody, biotin-labeled goat anti-rabbit IgG
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Table 1 Effects of Guiyuanfang and BMSCs transplantation on serum ALT, AST, ALB, TP, and A/G levels
Group
Control

n

ALT (U/mL)
b

AST (U/mL)

TP (g/L)

b

ALB (g/L)

A/G

b

0.85±0.06b

10

38.3±5.1

Model

10

325.9±101.7

697.5±215.8

53.2±10.5

21.6±3.0

0.70±0.09

Guiyuanfang

10

56.8±11.5b

149.5±31.7b

64.0±7.0

28.3±2.6b

0.80±0.07b

127.9±16.3

62.6±5.9

28.8±3.5

BMSCs

8

67.3±22.0b

133.3±33.8b

60.6±8.8

26.1±2.2a

0.75±0.03a

Guiyuanfang plus BMSCs

8

40.4±9.5b

123.1±27.9b

57.7±5.1

26.9±4.2b

0.83±0.02b

P<0.05, bP<0.01 vs model group.

antibody (1:400 dilution), at 37 ℃ for 2 h, followed by
incubation with SABC complex (1:400 dilution), at room
temperature for 1 h. Finally, diaminobenzedine was used
for color developing, and then the slides were counterstained
by hematoxylin.
Dual immunohistochemistry was used to detect the
BMSCs in the liver parenchyma and their differentiating
state. Monoclonal antibodies against BrdU were used to
localize the transplanted bone marrow cells. Briefly, samples
were serially rehydrated with 100, 95, and 70% ethanol
after deparaffinization with toluene. Endogenous peroxidase
in the sample was blocked using 3% hydrogen peroxide for
10 min at room temperature. The sample was treated with
pepsin for 5 min at 42 ℃ and 2 N HCl for 30 min at room
temperature. After rinsing with PBS three times, the sample
was incubated with antibodies against BrdU in a moist
chamber for 16 h at 4 ℃. Then they were incubated with
second antibody, biotin-labeled goat anti-rabbit IgG antibody
(1:400 dilution), at 37 ℃ for 2 h, followed by incubation
with SABC-AP complex (1:400 dilution) at room temperature
for 1 h. BCIP/NBT was used for color developing. After
rinsing, monoclonal antibodies against cytokeratin-18 were
applied to the slides, the other procedures were similar,
except that the SABC-POD was used to replace the SABCAP, and the AEC solutions to replace BCIP/NBT. Negative
control samples were incubated in PBS (without the primary
antibodies) under similar conditions.
Statistical analysis
The data are presented as mean±SD. The significance of
differences was analyzed with the Student’s t, Mann-Whitney
rank sum, 2 tests or analysis of variance (ANOVA) with
the pairwise multiple comparison method of q test using
SPSS 10.0 software. P<0.05 was considered significant.

RESULTS
Effects of Guiyuanfang and BMSCs transplantation on liver
function
Laboratory measures of liver function remained abnormal
in model animals but significantly improved toward normal
in animals that received treatment. Administration of
Guiyuanfang or BMSC transplantation reduced the elevated
serum ALT and AST levels significantly (P<0.01), and serum
TP, ALB, A/G levels increased in all animals receiving
treatment (P<0.01 or 0.05), compared to model rats
(Table 1).
The serum PCIII, and HA levels were often used as
indicators of hepatic fibrosis clinically. As shown in Table 2,

the serum PCIII, HA levels of the model rats maintained
high level during the period of the study (respectively
91.73, 34.32 ng/mL). However, in the treatment group,
the serum PCIII, HA levels were far lower than that of the
model rat (P<0.01).
Determination of liver tissue hydroxyproline content
confirmed the histological studies, showing a net reduction
in total collagen levels. Total liver hydroxyproline levels at
model group were 2123.1±218.9 g/g wet weight, which
represent a 10-fold increase, compared to normal livers
(P<0.01), and decreased to about 1 000 g/g wet weight in
Guiyuanfang or BMSCs group (Figure 1).

Table 2 Effects of Guiyuanfang and BMSCs transplantation on serum PCIII and HA levels
Group

HA (ng/mL)

n

b

PCIII (ng/mL)
23.35±2.70b

Control

10

54.61±17.04

Model

10

91.73±22.77

34.32±5.21

Guiyuanfang
BMSCs

10
8

47.18±10.97b
48.96±14.79b

22.48±5.46b
26.90±3.35b

8

38.24±10.34b

20.15±4.04b

Guiyuanfang plus BMSCs
a

P<0.05, bP<0.01 vs model group.

The contents of hydroxyproline
(g/g wet liver tissue)

a

2 123.1

2 500
2 000

1 390.8
1 500

1 227.2

1 048.4

1 000
500
0

210.4
Control

Model

Guiyuanfang

BMSCs

Guiyuanfang
plus BMSCs

Figure 1 Effects of Guiyuan fang and BMSCs on hydroxyproline
levels of liver fibrosis tissue (g/g wet liver).

Effects of Guiyuanfang and BMSCs transplantation on liver
pathology
In normal livers, only minimal collagen staining was present;
no fibrosis was detected in the group. In model rats, there
was obvious nodular fibrosis with deposition of welldelineated fibrosis septa, extensive collagen deposition, which
were continuous and extended throughout each section, with
mature collagen fibrils bridging portal regions and vascular
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Figure 2 VG staining showing fibrin in liver tissue (100×). A: In model rats, there was obvious nodular fibrosis with deposition of welldelineated fibrosis septa, extensive collagen deposition, which were continuous and extended throughout each section, with mature
collagen fibrils bridging portal regions and vascular structures, including perivenular ballooning degeneration of hepatocytes; B: In control
livers, only minimal collagen staining was present; no fibrosis was detected in this group; C: In Guiyuanfang group, collagen deposition
decreased; D: In BMSCs group, few collagen deposition. E: The appearance of bridging collagen fibers was prevented almost completely in
rats treated with Guiyuanfang plus BMSCs. Only occasional short fibril fragments could be visualized. Most liver tissues were restored to
normal organization.

A

B

D

E

C

Figure 3 The expression of uPA in liver tissue (400×). A: In model group, there was very weak uPA expression; B: There was no expression
of uPA in the normal group; C: Guiyuanfang group; D: Autologous BMSCs transplantation group; E: Guiyuanfang plus autologous BMSC
transplantation group.

structures, including perivenular ballooning degeneration of
hepatocytes. In Guiyuanfang group, mild fatty change and
vacuolation of hepatocytes were observed. The fibrous septa
were less well defined and discontinuous and fewer nodules
of regenerative parenchyma were noted. In autologous
BMSC group, there was evidence of early fibrosis with a
number of cells with fibroblast-like morphology in some

sections. The appearance of bridging collagen fibers was
prevented almost completely in rats treated with Guiyuanfang
plus autologous BMSCs. Only occasional short fibril
fragments could be visualized. Most liver tissues were restored
to normal organization (Figure 2). The 2 test was used to
assess the fibrosis score, and there was significant difference
among all treated groups and model group (Table 3).
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A

B

C

D

Figure 4 Fate of transplanted BMSCs 4 wk after transplantation. The differentiation of transplanted BMSCs in liver fibrosis environment. A:
Some transplanted stem cells have migrated into parenchyma, exhibiting the morphology of hepatocyte (BMSCs group, 200×); B: Most
transplanted cells were distributed at portal region (Guiyuanfang plus BMSC group, 200×); C: Some transplanted stem cells exhibited the
morphology of bile epithelium cells or hepatocyte (Guiyuanfang plus BMSC group, 400×); D: Double immunohistochemical staining showed
that the BrdU-labeled cells were fully integrated in the liver parenchyma, along with the expression of cytokeratin-18, the liver epithelial
specific marker (Guiyuanfang plus BMSCs group, 400×).

Table 3 Effects of Guiyuanfang and BMSC transplantation on fibrosis score
Grade of liver fibrosis
Group

n
0

I

II

III

IV
0

Control

10

8

2

0

0

Model

10

0

0

0

2

8

Guiyuanfang

10

0

2

5

2

1

BMSCs

8

0

2

3

3

0

Guiyuanfang plus BMSCs

8

0

3

4

1

0

I = thickened perivenular collagen and a few thin collagen septa; II = thin septa
with incomplete bridging between portal regions; III = thin septa and extensive
bridging; IV = thickened septa with complete bridging of portal regions and a
nodular appearance.

Expression of uPA and co-localization of BrdU and
cytokeratin-18
The normal liver tissues showed very weak uPA expression,
and Guiyuanfang caused a marked increase of uPA
expression in the livers in a dose-dependent manner. The
uPA expression in the liver tissues of autologous BMSC
transplantation group and Guiyuanfang plus autologous
BMSCs transplantation group was the strongest (Figure 3).
The transplanted cells were predominantly in clusters of
1-3 cells each. Double immunohistochemical staining showed
that the BrdU-labeled cells were fully integrated in the liver
parenchyma, showing the appearance of hepatocytes, along
with the expression of cytokeratin-18, the liver epithelial
specific marker. Some BMSCs have differentiated into
hepatocytes or endothelial cells (Figure 4).

DISCUSSION
Chronic diseases and age-associated illness are major
challenges in today’s medicine. The pathogenesis of these
diseases and symptoms may not only be multifactorial but
also could vary from one individual to another. The complex,
difficult and changing nature of these chronic diseases has
certainly slowed western science’s approach to finding
treatments leaving today a large medical need that has not
yet been met. The potential usefulness of Chinese medicine
embodies the belief that maintaining healthy homeostasis
of the body involves the balance of a mixture of chemicals
at different organs or tissues. The liver fibrosis is one of
these diseases. To find new therapies for liver diseases, the
best approach is to integrate traditional and modern
approaches. Now cell transplantation has been found to be
promising for liver diseases. So integrating Chinese medicine
with cell transplantation will provide us with new leads to
understand the regulation of homeostasis and further
advancement of human medicine.
To the best of our knowledge, this is the first experimental
study, investigating TCM and BMSC transplantation on liver
fibrosis. To ensure the therapeutic effect, we selected the
empiristic formula, Guiyuanfang, which has been used for
hundreds of years. Our work showed that Guiyuanfang
could improve liver function, protect hepatocytes from
toxicant, promote protein synthesis, maintain cytoplasm
membrane stable, and provide a good environment for
hepatocyte function. It also inhibits inflammatory response,
reduces necrotic region, and promotes the phagocytosis of
debris and fibrils. Guiyuanfang reverses the liver fibrosis
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by neutralizing profibrogenic cytokines inhibiting the
generation and accumulation of collagen, promoting the
degradation of ECM, and improving microcirculation. It is
possible that the protective effects of Guiyuanfang may be
due to either enhanced collagen breakdown or diminished
collagen synthesis. In the study, we observed the obvious
increase of uPA expression in the fibrotic liver tissue, after
administration of Guiyuanfang. The recovery from fibrosis
was correlated with the uPA expression.
Previous work has shown that hepatocyte transplantation
can correct liver-based metabolic disorders, prolong the
survival of rodents with experimentally-induced acute liver
failure, and provide significant hepatic support to animals
with hypertension, liver fibrosis, and irreversible cirrhosis[14].
Recently accumulating evidence indicates that bone marrow
can differentiate into specific cell types. Transplantation of
bone marrow cells in vivo resulted in the appearance of
hepatocyte of donor origin in recipient liver [15-18] .
Transplanted bone marrow cells can repopulate hepatic and
biliary duct epithelia under certain circumstances. Generally
the patients with liver fibrosis are likely to have difficulty in
producing healthy hepatocytes. There were a lot of solutions
reported to enhance bone marrow cell differentiation and
proliferation, however, all had their own shortage[19-21], so
how to improve conditions to induce hepatocytes from bone
marrow cells in vivo and in vitro is a great challenge for the
medical scientists. In this study, Guiyuanfang could improve
the liver microcirculation, reduce the toxic metabolic, and
finally provide a good environment for the transplanted
BMSCs to engraft and to proliferate in the fibrotic liver.
Although we could not determine whether the initial survival
of transplanted cells in the fibrotic liver was different from
that in the normal liver, and we were still only able to
propagate a small number of hepatocyte-like cells from
BMSCs, the present study is a step further in such a
direction, and this work still has important implications.
In conclusion, we found that transplanted BMSCs
engrafted, survived, and proliferated in the fibrosis livers
indefinitely. BMSCs in hepatic fibrogenic environment
can differentiate into hepatocytes, endothelial cells.
Guiyuanfang can synergize with the BMSCs to improve
the recovery from liver fibrosis. Such a possibility will be
of great interest in developing treatments for patients with
liver fibrosis.
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Abstract
AIM: To study effect of operation-synchronizing transfusion
of apoptotic spleen cells from donor rats on acute rejection
of recipient rats after liver transplantation.
METHODS: Two of Wistar rats were chosen randomly
for normal liver pathology control and ten of SD rats chosen
randomly for liver function control as blank group (no
operation). The rest of Wistar and SD rats were divided
into four groups: control group (only liver transplantation),
Dex group (donors receiving intraperitoneal injection of
dexamethasone), SpC group (recipients receiving infusion
of spleen cells of donors), Dex-SpC group (recipients
receiving infusion of apoptotic spleen cells of donors),
with each group except blank group, containing 10 SD
rats and 10 Wistar rats, respectively. Wistar rats received
liver transplantation from SD rats, in the meantime they
received infusion of spleen cells of donors, which were
induced by an intraperitoneal injection of dexamethasone
(3 mg/(d.kg)·b.w ) for three days before liver transplantation.
The serum alanine transaminase (ALT), total bilirubin
(T bili), liver pathological changes and survival time were
analysed. Statistical analysis was carried out using SPSS
10.0 for Windows. Differences of the parametric data
of ALT in means were examined by one-way ANOVA.
Differences of ALT between two groups were examined
by LSD. Differences of the nonparametric data of T bili in
means and scores of pathology classification for acute
rejection were examined by Kruskal-Willis H test. The
correlations between ALT and T bili were analysed by
Bivariate. Kaplan-Meier curves were used to demonstrate
survival distribution. The log-rank test was used to compare
the survival data.
RESULTS: There were significant differences in ALT of

the five groups (F = 23.164 P = 0.000), and ALT in DexSpC group was significantly higher than that in blank
control, control, Dex, and SpC groups (P = 0.000), and
ALT in SpC group was significantly higher than that in
blank control (P = 0.000), control (P = 0.004), and Dex
groups (P = 0.02). Results of nonparametric analysis of
T bili showed that there were differences in T bili of the
five groups (= 33.265 P = 0.000). T bili in Dex-SpC group
was significantly higher than that in blank control, control,
Dex, and SpC groups. T bili in SpC group was higher than
that in blank control, control, and Dex groups. There were
significant differences in scores of pathology classification
for acute rejection in each of the groups ( = 25.933,
P = 0.000). The pathologically more serious acute rejection
was found in Dex-SPC group than in other groups. No sign
of acute rejection was observed in the blank control group.
Slight acute rejection was observed in the control group.
Slight-moderate acute rejection was observed in the Dex
group. Moderate-acute rejection was observed in the SpC
group. Severe-acute rejection was observed in the DexSpC group. The survival time in Dex-SpC group was shorter
than in other groups (statistic = 11.13, P = 0.011). ALT
and T bili were positively correlated (r = 0.747, P = 0.000,
two-tailed).
CONCLUSION: In order to reduce quantity of blood loss
from rats after liver transplantation, only one of ALT or
T bili is needed for liver function measurement of rats.
Simultaneous injection of apoptotic spleen cells from
donors induced by dexamethasone to liver transplantation
rats aggravates acute rejection. One important mechanism
of aggravation of acute rejection may be that apoptotic
cells are not removed in time and that dead cells including
apoptotic cells release inflammatory factors.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Rejection of recipients to organs of donors is a very important
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issue. Particularity in liver transplantation[1-7], rejection of
recipients to liver of donors is still a problem that has puzzled
clinicians and immunologists. Induced immune tolerance is
an effective way to resolve rejection. Therefore, immune
tolerance of liver transplantation is one of the hot spots in
the field of organ transplantation immunity. We carried out
experimental study on tolerance induction of rat liver
transplantation by transfusion of spleen cells from
dexamethasone-treated donor rats before liver transplantation
in our laboratory and found that such a treatment could
prolong the survival time of grafts and that some recipients
could live a long time. Thus we succeeded in tolerance
induction of rat liver transplantation[8]. We also studied the
mechanisms of apoptotic cells from donors to induce immune
tolerance[9-12]. However, it is difficult to attain apoptotic cells
of donors before clinical liver transplantation. If tolerance
of rat liver transplantation can be induced by transfusion
of spleen cells from dexamethasone-treated donor rats in
the meantime of liver transplantation, it would be more
practical.

MATERIALS AND METHODS
Equipments
Shanghai Medical Apparatus and Instruments Factory made
packages of instruments showing minute points and BullDog tongs; un-damaging suture of 7/0,8/0,9/0 was supplied
by Shanghai Medical Apparatus and Instruments Suture
Silk Factory. We made venous cannulas from cotton rods
produced in Guandong Zhongshan Plastic Factory. Cage
catheters of bile duct were made from segmental epidural
catheter produced in Zhejiang Jiaxing Shujia Medical
Apparatus and Instruments Factory. W-CJ-IF ultra-clean
operating boar was made in Suzhou Purification Equipment
Factory. High-speed hypothermia centrifugal machine
UNIVERSAL 16R was made in Germany Hettich Company.
CX7 automatic biochemistry analyzer was made by American
Beckman Company. Olefin microtome was made by
Germany Leica Company.
Reagents
Diethyl ether solutions were made in Guangdong Shantou
Xilong Chemical Plant. Dexamethasone sodium phosphate
parenteral solution (3 mg/(d.kg)b.w., made by Wuhan
Binghuhe Pharmaceutical Co., Ltd,) was injected intraperitoneally
into SD rats in corresponding groups at 8 a.m. for three days
before liver transplantation. Atropine was made by Xuzhou
Ryen pharmaceutical Co., Ltd. Heparin was made by Nanjing
Xintian Biochemistry Pharmaceutical Co., Ltd.
Animals
Ninety-two male clean-closed colony Wistar and SD rats
(weighing 220-280 g) were purchased from Experimental
Animals Center of First Military Medical University and
Zhongshan University, respectively. Body weight of donors
was a little less than that of recipients. Two of Wistar rats
were used randomly for normal liver pathology control and
ten of SD rats were randomly used for liver function control.
The rest of Wistar and SD rats were divided into four groups:
control group (only liver transplantation), Dex group (donor
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received intraperitoneal injection of dexamethasone, three
days before liver transplantation), SpC group (recipients
received infusion of spleen cells of donors), Dex-SpC group
(recipients received infusion of apoptotic spleen cells of
donors treated with dexamethasone three days before liver
transplantation). There were ten SD rats and ten Wistar
rats in each group in which liver transplantations were carried
out, and SD rats received livers from Wistar rats. As a rule,
rats were fasted 12 h, restrained from water for 30 min
before operation and subcutaneous injection of atropine
(0.04 mg/kg b.w.) was done 15-30 min before operation.
Methods of operation and preparation of suspension fluid of
spleen cells
Rats were put into an instrument filled with vapor of diethyl
ether and taken out after they became motionless for 3-5 s.
Then, their heads were covered with centrifuge tubes filled
with vapor of diethyl ether. Spleens of rats in corresponding
groups were removed. Suspension fluid of spleen cells (1 mL,
concentration 5×107/mL) was fabricated by routine method;
also, its vital force was more than 95%. Modified two-cuff
method of Kamada[13] was used in the course of rat liver
transplantation. Suspension fluid of spleen cells was injected
into recipients through dorsal veins of penis 30 min after
portal veins of recipients reopened.
Observation parameters
We observed general condition (body weight, appearance,
activities, jaundice), liver function, liver histopathology, scores
for acute rejection, and survival time after liver transplantation.
ALT and T bili were assayed by CX7 automatic biochemistry
analyzer with blood attained from tail veins on the seventh
day after liver transplantation. Biopsy of livers of SD rats
in each group were carried out by biopsy needle on the
seventh day after liver transplantation. Liver tissue sample
was fixed in 10% formaldehyde solution, embedded in
paraffin, sliced up, stained in hematoxylin and eosin solution
and observed under light microscopes. Scores of pathology
classification for acute rejection were calculated according
to Williams’ method[14,15].
Statistical analysis
Data were expressed as mean±SE. Statistical analysis was
carried out using SPSS 10.0 for Windows. Differences of
the parametric data of ALT in means were examined by
one-way ANOVA. Differences of ALT between two groups
were examined by LSD. Differences of the nonparametric
data of T bili on means and scores of pathology classification
for acute rejection were examined by Kruskal-Wallis H test.
The correlation between ALT and T bili was analysed by
Bivariate. Kaplan-Meier curves were used to demonstrate
survival distribution. The log-rank test was used to compare
the survival data in the whole and between groups. A P
value <0.05 was considered statistically significant.

RESULTS
General state
One rat died from bleeding of portal vein of donor postoperation in Dex-SpC group and blood could not be gained
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Result of ALT
Results of ALT could meet the condition of analysis of
variance (Figure 1, Table 1). Results of analysis of variance
of ALT showed that there were significant differences in ALT
of the five groups (F = 23.164 P = 0.000), and that ALT in
Dex-SpC group was significantly higher than that in blank
control, control, Dex, SpC groups( P = 0.000), and that ALT in
SpC group was significantly higher than that in blank control
(P = 0.000), control (P = 0.004),and Dex groups (P = 0.02).

1 200

of variance (Figure 2, Table 1). Result of nonparametric
analysis of T bili showed that there were differences in
TBil of the five groups (2 = 33.265 P = 0.000). T bili in
Dex-SpC group was significantly higher than that in blank
control, control, Dex group, and SpC groups and that T bili
in SpC group was higher than that in blank control, control,
and Dex groups.

TBil (mol/L)

from the tail vein of one rat in each of blank control, Dex,
SpC, Dex-SpC groups. All the rats in each group awoke
after operation, could crawl at once, were fed with sugar
solution in 60 min and with food after a day of liver
transplantation. The rats ate little, became depressed and
emaciated; moreover, the color of pinna and urine became
dark yellow in Dex-SpC group from the seventh to the
ninth day after liver transplantation. The same phenomena
could be found in SpC group from fifteenth to seventeenth
day, in Dex group from the third week to the fourth week,
and in a few rats the fifth week after post-operation.
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Figure 2 Boxplot of T bili one week after liver transplantation T bili:
Total bilirubin; Blank: The group without liver transplantation; Control:
The group with only liver transplantation; Dex: The group treated
with dexamethasone; SpC: The group treated with spleen cells; DexSpC: The group treated with dexamethasone and spleen cells.
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Correlation of ALT and T bili
Analysis of correlation of ALT and Tbili showed that there
were significant positive correlations (r = 0.747, P = 0.000,
two-tailed) between them.
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Figure 1 Boxplot of ALT one week after liver transplantation ALT:
Alanine transaminase; Blank: The group without liver transplantation;
Control: The group only with liver transplantation; Dex: The group treated
with dexamethasone; SpC: The group treated with spleen cells; DexSpC: The group treated with dexamethasone and spleen cells.

Table 1 ALT and T bili in recipients in each group 1 wk after liver
transplantation
ALT (IU/L)
Groups

T bili (mol/L)

n
mean±SE

Blank

9

Control
Dex

95% Confidence 95% Confidence
interval
interval

201.1

60.3

154.8-247.5

1.2-4.8

10

259.0

138.1

161.1-358.7

7.6-27.2

9

293.9

94.9

220.9-366.8

15.4-43.2

SpC

9

433.8

123.2

339.1-528.5a

33.7-69.7

Dex-SpC

8

717.0

178.5

567.8-866.2b

69.1-111.4

a
P<0.05 vs Control, Dex; bP<0.001 vs Control, Dex, SpC. ALT: Alanine
transaminase; T bili: Total bilirubin; Blank: The group without liver
transplantation; Control: The group only with liver transplantation; Dex: The
group treated with dexamethasone; SpC: The group treated with spleen cells;
Dex-SpC: The group treated with dexamethasone and spleen cells.

Results of T bili
Results of T bili could not meet the condition of analysis

Results of liver pathology about acute rejection
Scores of pathology classification for acute rejection in
each of the groups were calculated according to Williams’
method[14,15] (Table 2). The scores from zero to two, from
four to five, from six to seven, and from eight to nine showed
no acute rejection, light acute rejection, moderate acute
rejection, and severe acute rejection, respectively[15]. There
were significant differences in scores of pathology classification
for acute rejection between the groups (2 = 25.933, P = 0.000).
Pathological most severe-acute rejection was found in DexSPC group. No sign of acute rejection was observed in blank
control group (Figure 3A). Slightly acute rejection was
observed in control group (Figure 3B). Slight-moderate acute
rejection was observed in Dex group (Figure 3D). Moderateacute rejection was observed in SpC group (Figure 3C). Severe
acute rejection was observed in Dex-SpC group (Figure 3E).

Table 2 Scores of pathology classification for acute rejection in
each group
Group

n

Blank

2

Rejection active index
1

Control

10

Dex

10

SpC

10

Dex-SpC

4

5

6

7

8

9

2
9

9

Abbreviations as in Table 1.

1
1

9
5

4

1
2

7
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Figure 3 Histopathology in different groups. A: Histopathology in blank control group showing no acute rejection (HE, A1: original
magnification: 33×; A2: original magnification: 132×); B: Histopathology in control group showing slightly acute rejection 1 wk after
orthotopic liver transplantation (OLT) (HE, B1: original magnification: 33×; B2: original magnification: 132×); C: Histopathology in Dex group
showing slight–moderate acute rejection 1 wk after OLT (HE, C1: original magnification: 33×; C2: original magnification: 132×); D: Histopathology in SpC group showing moderate–acute rejection 1 wk after OLT, with less extensive hepatocyte necrosis (HE, D1: original magnification:
33×; D2: original magnification: 132×); E: Histopathology in Dex-SpC group showing serious acute rejection 1 wk after OLT, with more
extensive hepatocytes necrosis (HE, E1: original magnification: 33; E2: original magnification: 132×).
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Survival period
Survival period after liver transplantation in each group
are shown in Table 3 and Figure 4. There were significant
differences in survival period between the groups (pooled
over strata, statistic = 11.13, P = 0.011). The survival period in
the Dex-SpC group was significantly shorter than that in the
control group (P = 0.0085) and the Dex group (P = 0.0326 ).

Cumulative survival

1.2

Group
Dex-SpC
Dex-SpC-censored

1.0
0.8

Sp C
SpC-censored

A

0.6
0.4

D

B

0.2

Control
Control-censored

C

0.0

-0.2

0

20

40

60

Dex
Dex-censored

80

100

Remission time (d)
Figure 4 Curve of survival time after liver transplantation in
each group. Pooled over strata (statistic = 11.13, P = 0.011), Pairwise
over strata, D vs A (statistic = 6.93, P = 0.0085), B (statistic = 4.57,
P = 0.0326), C (statistic = 2.24 , P = 0.1342). A: control group, B: Dex
group, C: SpC group, D: Dex-SpC group.

Table 3 Survival period after liver transplantation in each group
Groups

n

Survival period (d)

Mean (d)

Control
Dex

10

11, 18, 40, 47, >70 (×2), >71 (×2), >96, >97

69.8

10

9, 15, 18, 26, 29, >38, >68,, >69, >87, >99

SpC

10
1

Dex-SpC

10, 13, 14, 15, 29, 40, 47, >37 (×2), >38
0.5 (death from surgical reasons)

+
9

56.2
29.9
15.3

10, 11, 12, 13, 15, 16, 17, >18, >22

Abbreviations as in Table 1.

DISCUSSION
As liver is an essential organ, once there is acute rejection
after liver transplantation in a rat, which cannot be managed,
the rat will die in a short time. The survival time of rats
and grafts in orthotopic liver transplantation is the same.
The loss of liver function can be an end-point of acute
rejection. Therefore, survival period of recipients can indicate
survival time of grafts. When acute rejection for liver occurs,
ALT and bilirubin come out of cells. ALT and T bili in blood
increase quickly. Assaying of liver function is helpful to
determine grades of acute rejection. The results of ALT
and T bili and survival time accord with the changes in
pathology of liver.
Antigens of donors are injected into recipients, resulting
in different outcomes from promoting immune response
to immune tolerance. The survival time of grafts of pancreas,
heart and skin were prolonged obviously after the dendritic
cells from donors’ livers were injected into recipients before
transplantations[16]. The survival times of grafts were also
prolonged obviously after marrow or spleen cells were
injected into recipients before transplantations[17]. Starzl[18],
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using microchimerism believed that the graft was alive longer
because the recipient had formed microchimerism by antigen
of the donor injected before. There have been numerous
studies on apoptosis[19]. Our experiment showed that transfusion
of spleen cells from dexamethasone-treated donor to
recipients before liver transplantation could prolong the
survival time of grafts and that some recipients could live
a long time, indicating successful tolerance induction of rat
liver transplantation[8]. We speculate that liver is a special
place where apoptotic cells are phagocytized. Apoptotic cells
inhibit immunity in local places where they are accumulated.
The antigen-presenting cells (APCs) that phagocytize
apoptotic cells present to T cells in inhibited circumstance
induce immune tolerance[4].
DCs can phagocytize apoptotic cells. But there is dispute
about whether this phagocytosis could cause immune
tolerance or response[20]. Hawiger et al[21], found that DCs’
antigen-presenting could lead to immune tolerance. The
results of liver function, pathology and survival time in this
experiment showed that operation synchronizing transfusion
of apoptotic spleen cells from donor rats accelerated acute
rejection of rat liver transplantation. It is almost impossible
that operation synchronizing transfusion of apoptotic
lymphocytes from donor would induce immune tolerance.
The reasons are, maybe as follows: First, though the phagocytes
in livers account for 80% of the total in human bodies, the
function of phagocytes have been damaged because of
warm and cold ischemic/reperfusion injury. Therefore, the
phagocytes cannot phagocytize apoptotic cells immediately,
and the apoptotic cells, which cannot be phagocytized at
once become necrotic and release inflammatory factors such
as TNF-, IL-1, IL-6 and IL-8 that can activate DCs[22],
and make them mature. The ability of antigen presenting
of APCs become stronger[23]. So an acute rejection happens[2427]
. Second, according to the theory of danger signal[28], there
have been plenty of danger signals that resulted from warm
and cold ischemic-reperfusion injury. Though the number
of necrotic cells is less than 5%, there are 35% apoptotic
cells[8], necrotic cells and apoptotic cells, which cannot be
phagocytized at once release danger signals. The danger
signals were so strong that APCs in recipients including DCs
phagocytized the spleen cells of donors including necrotic
cells and apoptotic cells and presented with antigens of
donors, produced co-stimulatory molecules, accelerated
acute rejection of rat liver transplantation finally (Figure 5).
Third, the results of this experiment showed the acute
rejection in the groups with injected spleen cells of donors
treated or untreated was more serious than the groups
without injected spleen cells. The spleen cells solution
including DCs distributed the whole body because of blood
circulation, activated the lymph organs and caused immune
responses. On the other hand, immune responses depended
on lymphocytes of the donor circulating to the liver of the
recipient or the graft of liver releasing soluble antigens to
blood circulation when only liver transplantation was carried
out.
Because there was positive correlation between ALT and
T bili, we can sample blood as little as possible so as to
reduce effects of blood loss on survival time. Only one of
ALT and T bili is needed to measure the liver function.
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Figure 5 Diagram of synchronizing transfusion of apoptotic spleen
cells accelerating acute rejection of rat liver transplantation.

Also, because the Wistar and SD rats were purchased
from different units and grouped randomly, we excluded
the effects of difference of rats on the whole results. In this
experiment, the survival time in the control group was longer
than that reported in literature[8,29]. In order to find out the
reasons, liver transplantations were carried out seven times
by the same method using Wistar and SD rats provided by
the same unit. The mean survival time was 11.1 d, significantly
shorter than that of the Control group (P<0.01). There
were no differences compared to that of Wang[8 ]. Therefore,
we suspect that the gene of the SD rats might have been
mutated or added to the gene of Wistar rats in the control
group[30].
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Abstract
AIM: To investigate the clinical significance of serum
vascular endothelial growth factor (VEGF) and soluble
VEGF receptor-1 (VEGFR1/Flt-1) (sVEGFR1) levels in
biliary diseases.
METHODS: We analyzed the serum levels of these
proteins in patients with acute cholangitis (group 1), biliary
malignancies (group 2), and primary biliary cirrhosis or
primary sclerosing cholangitis (group 3), and in healthy
donors (group 4). The influence of inflammation was also
analyzed. Serum VEGF levels were expressed as VEGF
per platelet (VEGF/PLT, pg/10 6 ) in order to exclude the
influence of platelet counts.
RESULTS: sVEGFR1 levels were significantly higher in
groups 1 and 2 than in the control group, but did not
correlate with inflammatory markers. VEGF/PLT levels
were generally higher in patients with active inflammation
than in those with carcinoma. C-reactive protein strongly
correlated with the levels of serum VEGF independently
of platelet and leukocyte counts, even in cancer patients.
In cancer patients, VEGF/PLT and sVEGFR1 levels might
be indicators for evaluating the effect of medical treatment
or the disease progression.
CONCLUSION: Serum VEGF and VEGFR1 might be useful
markers for gauging the clinical effect of various treatments
on patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Angiogenic response occurs through the release of various
angiogenic factors such as vascular endothelial growth factor
(VEGF). VEGF is known to be synthesized by endothelial
cells, leukocytes, and megakaryocytes[1] . Angiogenesis is
essential for the growth and survival of solid tumors and
VEGF plays a predominant role in inducing tumorassociated angiogenesis[2,3]. Generally, VEGF is detected in
most malignant epithelial tumor cells and it has been reported
that the level of VEGF expression in tumor tissue is of
prognostic value[4,5]. Some groups reported that both serum
and plasma VEGF concentrations correlate with tumor
stage[6,7]. Megakaryocytes are an important source of VEGF,
which is stored in the  granules of platelets[8] . A close
correlation between platelet counts and serum VEGF has
been reported in cancer patients and this phenomenon is
presumably due to the release of VEGF following platelet
activation during the clotting process[9,10].
A VEGF-specific tyrosine kinase receptor, VEGF
receptor-1 (VEGFR1/Flt-1), is found in vascular endothelial
cells of tumor vessels[2,3,11] . A naturally occurring soluble
form of VEGFR1 (sVEGFR1) is an alternatively spliced
variant of the VEGFR1 gene and can be secreted into the
circulation[5,12]. VEGFR1 has a high affinity for VEGF, even
in soluble form[12]. sVEGFR1 can be derived not only from
vessels but also from tumor cells[13-15]. sVEGFR1 appears
to be a crucial, intrinsic, negative regulator of VEGF and it
may play a key role in tumor angiogenesis[16,17].
The expression of VEGF and VEGFR1 in tissues of
cholangiocarcinoma has been examined histopathologically[18].
VEGF is strongly expressed in malignant cholangiocytes,
whereas the surrounding mesenchymal and endothelial cells
are consistently negative for VEGF. On the other hand,
VEGFR1 is expressed exclusively by endothelial cells adjacent
to tumor cells and rarely expressed in quiescent endothelial
cells. Endothelial cells are demonstrated as the only cellular
source of the receptor. However, little is known about the
clinical significance of serum levels of VEGF and sVEGFR1
in biliary diseases, especially in benign disease. The current
study was therefore, initiated to evaluate the serum values
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of VEGF and sVEGFR1 in patients with biliary diseases.

MATERIALS AND METHODS
Sera were collected from patients with biliary disease at the
Third Department of Internal Medicine and the First
Department of Surgery, Kyushu University Hospital,
between 2001 and 2003. Patients were divided into three
groups: Group 1. Cholangitis with active inflammation
(n = 42); Group 2. Biliary neoplasms including intrahepatic
and extrahepatic cholangiocarcinoma (n = 44), gallbladder
carcinoma (n = 7), and ampullary carcinoma (n = 8); Group
3. Vanishing bile duct disorder of autoimmune origin,
primary sclerosing cholangitis (PSC: n = 12) or primary
biliary cirrhosis (PBC: n = 13). For the control group (Group 4),
serum samples from 31 healthy blood donors were assayed.
Informed consent was obtained from each patient prior to
their entering the study.
Serum concentrations of VEGF and sVEGFR1 were
quantified using the high-sensitivity ELISA kits (R&D
Systems, Minneapolis, MN) according to the manufacturer’s
specifications. The sensitivity of VEGF and sVEGFR1
assays was 9 pg/mL. C-reactive protein (CRP) was used as
a laboratory marker of inflammation. The number of
platelets and leukocytes in peripheral blood was routinely
tested. Statistical analyses were performed using Spearman’s
correlation analysis, Kruskal-Wallis test with Bonferroni
correlation for multiple comparisons, or Wilcoxon’s signed
rank test and the results were considered statistically
significant if P was less than 0.05.
RESULTS
Correlation of VEGF levels with platelet counts
In this study, blood donors formed one of these four

A

Group 1
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groups: Group 1. patients with acute cholangitis/cholecystitis;
Group 2. patients with biliary carcinoma; Group 3. PBC or
PSC; Group 4. healthy volunteers (see Materials and Methods).
Correlations between pairs of parameters were tested by
Spearman’s correlation analysis. Overall, VEGF levels
showed a close relationship with platelet counts: Group 1.
r = 0.449, P = 0.0029; Group 2, r = 0.439, P = 0.0005; Group
3. r = 0.393, P = 0.0520; Group 4. r = 0.537, P = 0.0018
(Figure 1). On the other hand, VEGF levels were not
significantly correlated with WBC counts in healthy donors
and patients with benign biliary disease: Group 1 r = 0.166;
Group 3 r = 0.325; Group 4, r = 0.312. However, the
correlation was significant in patients with malignancy:
Group 2, r = 0.487, P<0.0001. These results indicated that
platelet counts could considerably control serum VEGF
levels in patients. Therefore, the concentration of VEGF
per platelet (VEGF/PLT, pg/106) was calculated by dividing
the serum VEGF values (pg/mL) by the platelet counts
(×106/mL) in order to standardize and accurately compare
the VEGF levels between patients. When VEGF levels were
expressed relative to platelet counts, WBC counts did not
show a significant correlation: Group 1, r = -0.049; Group
2, r = 0.288; Group 3, r = -0.076; Group 4, r = 0.205.
There was no significant correlation between platelet and
leukocyte counts (data not shown). The correlation was not
significant between serum levels of sVEGFR1 and platelet
or leukocyte counts.
Serum levels of VEGF, sVEGFR1, and VEGF/PLT
Serum levels of VEGF, sVEGFR1, and VEGF/PLT were
compared among groups by Kruskal-Wallis test (Bonferroni
correlation for multiple comparisons). Data for each group
were presented as (median [25th. percentile, 75th. percentile];
mean value). VEGF values were significantly higher in Group
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Movement of serum VEGF/PLT and sVEGFR1 in cancer patients
In almost all our patients, biliary carcinoma was clinically
detected and diagnosed at advanced stages (stage IV or III).
Therefore, patients with cancer were divided into two groups
for the convenience of clinical severity: Group A, patients
treated by curative surgical resection (n = 13); Group B,
patients with no effective treatment (n = 14). Significant
difference was tested by Wilcoxon’s signed-rank test. The
levels of VEGF/PLT and sVEGFR1 were measured before
and 4 wk after surgical operation in group A. In group B,
the parameters were measured at intervals of 3 mo. At the
time of admission to our hospital, there was no significant
difference in the levels of VEGF/PLT and sVEGFR1
between Groups A and B. However, in Group A, the levels
of VEGF/PLT (P = 0.0001) and sVEGFR1 (P = 0.0024)
decreased significantly after surgical treatment (Figures 4A, B).
By contrast, the levels of both significantly increased in
Group B: VEGF/PLT, P = 0.0134; sVEGFR, P = 0.0017
(Figures 4C, D).

1 (648.5 [390, 1066]; 805.6 pg/mL) and Group 2 (504
[347, 775]; 633.7 pg/mL) than in Group 3 (191 [113, 333];
246.7 pg/mL) and Group 4 (261 [185, 338]; 278.2 pg/mL)
(Figure 2A). VEGF/PLT levels showed the same pattern
as VEGF, and were significantly higher in Group 1 (3.22
[2.33, 4.59]; 3.78 pg/106) and Group 2 (2.51 [1.84, 3.26];
2.86 pg/106) than in Group 3 (1.78 [1.02, 2.35]; 1.74 pg/106)
and Group 4 (1.26 [0.89, 1.52]; 1.28 pg/106) (Figure 2B).
sVEGFR1 levels were significantly higher in Group 1 (72
[62, 88]; 81.2 pg/mL) and Group 2 (72 [59, 90]; 77.0 pg/mL)
than in Group 4 (56 [47, 74]; 60.4 pg/mL) (Figure 2C).
Influence of inflammation
The correlation between CRP, a commonly used marker
of inflammation, and VEGF/PLT or sVEGFR1 was
analyzed in patients (groups 1-3) by Spearman’s correlation
analysis. CRP levels were normally distributed within each
group. In acute inflammatory disease (group 1), CRP and
VEGF/PLT were closely correlated (r = 0.575, P<0.0001)
(Figure 3A), but there was no correlation between CRP and
sVEGFR1 (r = -0.067). In patients with chronic autoimmune
disease, the PBC and PSC group, no significant correlation
was found between CRP and VEGF/PLT (r = -0.084) or
sVEGFR1 (r = 0.398). In cancer patients, significant
correlations were observed between CRP and VEGF/PLT
(r = 0.717, P<0.0001) (Figure 3B), and also between CRP
and sVEGFR1 (r = 0.318, P = 0.018).
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DISCUSSION
Recent studies have shown that serum VEGF levels are
closely related to platelet counts in cancer patients[1,7,19,20]. It has
been suggested that serum VEGF levels reflect platelet
counts rather than VEGF secretion from tumor cells, or that
platelets act as a scavenger through endocytosis and storage
of VEGF secreted from the tumor[1,7,10,19-21]. We demonstrated,
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in this study, the relationship between serum VEGF and platelet
counts is also true in biliary cancer (r = 0.439, P = 0.0005).
On the other hand, some groups have not found such a
correlation between VEGF and platelet counts in benign
disease and healthy controls[13,14]. However, in our study, a
correlative trend was obvious in acute cholangitis (r = 0.449,
P = 0.0029), autoimmune biliary disease (r = 0.393, P = 0.052),
and normal controls (r = 0.537, P = 0.0018). Therefore,
we reasoned that expressing VEGF levels relative to platelet
counts is a more meaningful way to compare the clinical
significance of VEGF among diseases. Leukocytes are
another known producer of VEGF. However, when WBC
counts were compared with VEGF/PLT, no correlation
was found in any of the groups. This finding indicates that
WBC counts in peripheral blood do not significantly influence
the levels of VEGF.
In our study, the levels of VEGF/PLT were higher
(P = 0.0152) in acute cholangitis patients (mean value:
3.78 pg/106) than in cancer patients (mean value: 2.86 pg/106)
and closely correlated with serum CRP levels (r = 0.575,
P<0.0001). Angiogenesis is a necessary process for inflammation
and tissue regeneration. It has been reported that inflammation
and hypoxic change with expression of various tissue factors,
cytokines, and chemokines stimulate VEGF synthesizing
cells such as platelets, immune cells, and inflammatory
cells[22-24]. Acute cholangitis is a typical intensive infectious
disease. Therefore, in the patients with the disease, the
correlation between inflammation activity marker, CRP, and
serum VEGF levels is expressed more significantly.
Surprisingly, in biliary cancer patients, VEGF/PLT is
also closely correlated with CRP (r = 0.717, P<0.0001). The
phenomenon raises the question whether cholangiocarcinoma
cells really produce and secrete significant amounts of
VEGF, since VEGF/PLT levels may be increased by the
same mechanism as in cholangitis. In patients with
hypervascular massive tumors like hepatocellular carcinoma,
immunohistochemical VEGF expression in cancer cells
and serum VEGF are quantitatively correlated[25] . These
findings support the concept that VEGF production and
neovascularization are absolutely needed for these tumors
to survive. On the other hand, cholangiocarcinoma is a
relatively hypovascular and invasive tumor, namely,

inflammation may be a more significant clinical characteristic
in cholangiocarcinoma than in HCC. Therefore, platelets
and inflammatory cells may play an important role in VEGF
production/secretion in cholangitis as well. If this hypothesis
is true, then it is not surprising that, in view of the degree
of inflammation, VEGF/PLT levels were higher in the
cholangitis group than in the neoplasm group.
Among the patients with autoimmune biliary disease
(PBC and PSC), those at advanced stages (i.e., liver cirrhosis)
showed lower platelet counts (under 1×10 5/L), and
therefore, the mean serum VEGF level in this group was
only 234.6 pg/mL. However, no correlation was found
between VEGF/PLT and CRP. These autoimmune diseases
are characterized by chronic inflammatory conditions. VEGF
expression is thoroughly characterized in rheumatoid arthritis
(RA), a well-known systemic autoimmune disease. Serum
levels of VEGF have been reported to be elevated in patients
with RA and to correlate with disease activity and inflammatory
markers. However, over time, the correlation with VEGF
levels is only seen in RA of early to median disease duration,
but not of long duration[26-28]. Generally, in patients with PBC/
PSC, the clinical state is relatively stable even at advanced
stages and the inflammatory events are not pronounced.
Therefore, serum VEGF and VEGF/PLT levels may be in
a relatively low grade and independent of CRP levels.
In our study, serum sVEGFR1 levels did not correlate
with platelet and WBC counts. sVEGFR1 levels were
statistically higher in groups 1 and 2 than in the normal
control group. This finding can be explained by previous
evidence showing that endothelial sVEGFR1 is up-regulated
by its ligand, VEGF[13] . Indeed sVEGFR1 levels tend to
change with VEGF/PLT level.
We have investigated whether the levels of VEGF/PLT
and sVEGFR1 reflect the effect of surgical treatment in patients
with biliary carcinoma. If not treated, both levels were elevated
with the lapse of time. However, the levels clearly declined as
a consequence of curative surgical resection. The results indicate
that these serum proteins might be useful markers for
gauging the clinical effect of various treatments on patients.
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and symptoms change during the post-operative period
and correlate with the parameters of the myoelectric and
contractile activities of the stomach. Tachygastria seems
to be the major pathogenetic factor involved in the
contractile dysfunction.

Abstract

http://www.wjgnet.com/1007-9327/11/1172.asp

AIM: To investigate the electric and contractile mechanisms
involved in the deranged function of the transposed
stomach in relation to the course of the symptoms and
the changes in contractile and electrical parameters over
time.
METHODS: Twenty-one patients after subtotal esophagectomy and 18 healthy volunteers were studied.
Complaints were compiled by using a questionnaire, and
a symptom score was formed. Synchronous electrogastrography and gastric manometry were performed in the
fasting state and postprandially.
RESULTS: Eight of the operated patients were symptomfree and 13 had symptoms. The durations of the
postoperative periods for the symptomatic (9.1±6.5 mo)
and the asymptomatic (28.3±8.8 mo) patients were
significantly different. The symptom score correlated
negatively with the time that had elapsed since the
operation. The percentages of the dominant frequency in
the normogastric, bradygastric and tachygastric ranges
differed significantly between the controls and the patients.
A significant difference was detected between the power
ratio of the controls and that of the patients. The occurrence
of tachygastria in the symptomatic and the symptom-free
patients correlated negatively both with the time that had
elapsed and with the symptom score. There was a
significant increase in motility index after feeding in the
controls, but not in the patients. The contractile activity
of the stomach increased both in the controls and in the
symptom-free patients. In contrast, in the group of
symptomatic patients, the contractile activity decreased
postprandially as compared with the fasting state.
CONCLUSION: The patients’ post-operative complaints

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
For reconstruction of the alimentary tract, gastric interposition
is the most common procedure in patients with esophageal
cancer [1] . Preparation of the stomach, as an esophageal
substitute, is associated with substantial alterations: vagotomy
is inevitable and the blood supply is reduced. Both truncal
and highly selective vagotomy have been found to disrupt
the gastric electric activity[2] and to delay the gastric emptying
of solids [3]. Consequently, use of the stomach as an
esophageal substitute involves multiple influences on the
gastric secretion and motility, resulting in post-operative
symptoms in both the short and the long-term[4,5]. These
motility disorder seems to be a significant problem even in
10-year survivors, who are not satisfied with the daily food
intake quantity, with no resulting gain in body weight after
surgery[6]. Altered motility, including a gastroesophageal and
a duodenogastric reflux, has been attributed to the
development of these symptoms[4,7,8]. This complaint has
been found to correlate with the weekly occurrence either
of reflux or of heartburn, resulting in an increasing number
of non-malignancy deaths[6]. However, controversial reports
have been published on the functional properties of the
stomach as an esophageal substitute after esophagectomy;
when pulled up into the chest, the stomach has been claimed
to act as an inert organ[7,9,10] whereas others have reported
the detection of contractions in the gastric wall on radiological
examination[11] and also via manometry and the use of a
barostat[12-14]. The frequency and propagation of the gastric
contractions are controlled by the myoelectric activities of
the stomach, which can be measured by means of cutaneous
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electrodes placed on the abdominal skin[15,16]. Synchronized
activity has been demonstrated between the gastric contractions
and the cutaneous or electromyographic activity[16-18], but
this was not observed following total gastrectomy[19,20]. The
ingestion of food has been associated with changes in the
electromyographic activity that is reflected in both serosal
and cutaneous recordings[21,22].
The primary aim of the present study was to investigate
the electric and contractile mechanisms involved in the
deranged function of the transposed stomach through the
synchronous application of electrogastrography and gastric
manometry. Secondary objectives were to find a possible
correlation between the course of the symptoms and the
development of the contractile and electric parameters
during time.

MATERIALS AND METHODS
Subjects
Twenty-one patients, 14 men and 7 women, aged 24-72 years
(median 56.5), who had undergone subtotal esophagectomy
for either cancer (n = 15) or benign disease (n = 6).
All patients were operated on by the same surgeon (AA),
as described by Akiyama et al[23]. Briefly, following a subtotal
resection of the esophagus, gastric substitution was
performed in one sitting. The extent of resection of the
lesser curvature is determined by a line connecting the
highest point in the fundus, points where the vessels of the
lesser curvature enter the stomach wall, and the lesser
curvature at the junction of the arterial arcades of the
right and left gastric arteries. This permits the removal of
all potentially-involved lymph nodes while preserving the
arterial network to the fundus intact. Preservation of the
venous system must be carefully ensured to allow normal
venous drainage. The denervated stomach was pulled up
into the posterior mediastinum. An esophagogastrostoma
was created over the azygos vein in the thoracic dome. The
gastric emptying may be impaired after this operation, and
thus a pyloroplasty was routinely added in each case[24,25].
No patient had participated in radiotherapy or chemotherapy,
which influence the gastrointestinal motility.
Patients, operated upon consecutively between 1997 and
2001, were investigated for a median of 11 (4-38) mo postoperatively. A detailed history of their complaints was taken
by using a validated questionnaire adapted from the
literature[26-28]. dysphagia, early satiety, postprandial epigastric
fullness, retrosternal pain, epigastric pain, regurgitation,
nausea and vomiting were scored with regard to severity
(0 = not present, 1 = modest, 2 = moderate, 3 = severe
and frequency (1 = 2-3 times a month, 2 = once a week,
3 = 2-3 times a week, 4 daily). The maximum sum of scores
was 56. Anorexia, diarrhea and symptoms of the dumping
syndrome were also recorded.
Control studies were performed on 18 healthy volunteers,
11 men and 7 women, aged 21-58 years (median 42), who
had no previous foregut disease or operation.
Each of the subject enrolled into the study signed an
informed consent form.
Prior to enrolment, as part of a scheduled follow-up
examination, all patients underwent abdominal ultrasonography,
thoraco-abdominal CT and upper gastrointestinal endoscopy
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in order to exclude the relapse of the malignancy and to
visually assess the anastomoses.
Manometric study
Synchronous manometric and electrogastrographic
examinations were carried out between 9 a.m., and 2 p.m.
after overnight fasting.
Manometric studies were performed as described by
Collard et al[13,14]. The contractile activity of the stomach in
each subject was studied by using a six-channel polyvinyl
catheter passed through a nostril and positioned in the
stomach under fluoroscopic control, so that the recording
side-holes were located at distances from the pylorus of 2,
4, 7, 12, 17 and 22 cm in all individuals. Each channel was
perfused with distilled water at a rate of 0.6 mL/min. Electric
impulses generated by external transducers were transmitted
to a polygraphic system (PC Polygram Synectics Medical,
Stockholm, Sweden) that was connected to a personal computer
via an analogue-digital interface and the data were analyzed.
The subjects were investigated in a semi-supine position,
with the upper part of the body elevated at an angle of 50o
throughout the study. The fasting gastric motility was
recorded for about 2 h; the subjects then consumed a
standard semisolid test meal of 800 kcal, and the recording
was continued for 2 h postprandially. Significant difference
was not observed between the times required for consumption
of the test meal by the patients and the controls (16±3 and
15±2.5 min, respectively).
Manometric recordings were evaluated as described by
Collard et al [13,14] . The baseline was set by using both the
manual and automatic baseline calculation systems of the
software. The vertical axis was scaled up to reveal waves
of <1.2 kPa in an amplitude that cannot be observed on
the default scales. The scaled-up manometric recordings
were inspected visually on screen and the ones with the
most prominent microwaves were selected. As the contractile
activities of the distal ports were more pronounced than
those of the proximal ones, tracings recorded by one of
the three distal ports were chosen. All the waves of the
selected tracing were sorted into one of the different
predefined classes. Waves were defined as macrowaves if
the amplitude was ≥1.2 kPa, and as microwaves if it was
<1.2 kPa. Macrowaves were subclassified further according
to amplitude (1.2-6.6 kPa, >6.6-26.6 kPa and >26.6 kPa) and
the frequency distribution of both micro and macrowaves
was determined for each subject. The numbers of each type
of contraction were determined by reading the tracings on
screen and the contraction rates were determined by dividing
the number of total contractions by the duration of the
recording in minutes. The beginnings and ends of the time
frames of the different types of waves were recorded in
order to select the corresponding electrogastrographic
recordings.
A motility index was calculated by dividing the sum of
the areas under the macrowaves by the duration of
recording time in minutes in the best antral channel during
both the fasting and postprandial periods, as described by
Collard et al [13,14] .
The contraction rates were also determined in all subjects,
both in the fasting state and postprandially, by counting all
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Electrogastrography
Electrogastrography was perfor med as described in
Refs [15,29-31] . After the manometric catheter had been
positioned, the skin was cleaned and two disposable
electrocardiographic electrodes were placed 5-cm apart
along the gastric corpus-antrum axis, determined by
ultrasonography in the control subjects and localized by the
preceding fluoroscopy in the patients. A third, reference
electrode was placed on the chest over the liver.
Electrogastrographic recordings were started, synchronized
with the manometric recordings and performed with a
Digitrapper electrogastrograph (Synectics Medical AB,
Stockholm, Sweden). All recordings were made at a sampling
frequency of 4 Hz. The internal low- and high-pass filters
were set at 0.5 and 10 cpm, respectively. The recorded data
were processed by a software program (ElectroGastroGram
Version 6.3, Gastrosoft Inc., Synectics Medical), using a
personal computer. Before the computer-assisted analysis,
the total recordings were visually inspected onscreen so as
to detect artefacts and to debug the data. The parts of the
electrogastrographic recordings which corresponded to the
time frame of the evaluated manometric recordings were
then selected and were analyzed separately by the computer.
The main component of the electrogastrographic recording
is the gastric signal. The frequency believed to be of gastric
origin and at which the power has a peak value is called the
dominant frequency.
The following parameters were evaluated: Dominant
frequency (DF): the frequency with the greatest amplitude
within the normal range of gastric slow waves. Dominant
power (DP): the power at the DF. Power ratio (PR): the ratio
of the preprandial and the postprandial DPs. Percentages of
normogastria and dysrhythmia: Normogastria is the percentage
of time during which normal slow waves are observed
between 2 and 4 cpm. Gastric dysrhythmias are classified
as bradygastria when the DF peak is in the range 0.5-2 cpm,
and as tachygastria when it is in the range 4-9 cpm. Dominant
frequency and dominant power instability coefficients (DFIC and
DPIC): the ratio of the standard deviation and the mean of
the DF or DP.

RESULTS
The median of the symptom scores was 5, with a range of
0-39. Eight patients (38%) were totally free of symptoms.
On the basis of the symptoms, the operated patients were
sub-classified into symptomatic and symptom-free groups.
A significant difference was obser ved between the
symptomatic and the asymptomatic patients as concerns
the duration of the post-operative period (9.1±6.5 and
28.3±8.8 mo, respectively; P<0.0001). Eleven (84.6%) of
the symptomatic patients, but only one of the symptom
free-patients, had been operated upon within the previous year.
The symptom score correlated negatively with the time
that had elapsed since the operation (Pearson’s correlation
coefficient r = -0.652; P = 0.01) (Figure 1).
Seven of the symptomatic patients experienced
postprandial fullness and 8 others early satiety. Mild early
satiety and postprandial fullness occurred 1-3 times a week
in 5 patients. The 3 most seriously symptomatic patients
reported moderate early satiety and postprandial fullness
daily. These symptoms were accompanied by regurgitation
in 7 patients, with frequency 2-3 times a week in most cases.
Nine patients had mostly mild epigastric pain 1-3 times
a week. Seven patients complained of nausea, and in 2 of
them it resulted in vomiting. The latter took place 2-3 times
a week in the 2 most symptomatic patients. One patient

Percentage
of tachygastria (%)

Symptom score

B
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Statistical analysis
Normally distributed data are expressed as means and
standard deviations while non-normally distributed data are
given as medians and full ranges. The Kolmogorov-Smirnov
test was used to determine the normal distribution of the
data. Manometric data are expressed as medians. For the
statistical evaluation of the manometric data, the Wilcoxon
signed-rank sum test for paired comparisons and the MannWhitney U-test for unpaired comparisons were used.
Electrogastrographic data are expressed as means and
standard deviations. Statistical evaluation of the data was
performed by the Independent Samples t-test used with
between-subjects designs and the Paired Samples t-test with
within-subjects designs. All the statistical computations were
performed with an SPSS 8.0 for Windows software package.
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in this study.
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Figure 1 The correlation between the symptom score and the length of the postoperative period in patients after esophagectomy with the
stomach as a substitute. A: Symptom score; B: Percentage of tachygastria.
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complained of dysphagia. In general, the symptoms were
mild or moderate in 85% of the symptomatic patients, and
only 2 patients had serious complaints. Four patients (19%)
had diarrhea, and 2 (9.5%) had the dumping syndrome; the
latter was easily managed by dietary measures.
The results of electrogastrography are summarized in
Table 1. The percentages of the DF in the normogastric,
bradygastric and tachygastric ranges were significantly
different in the healthy control subjects and the operated
patients. Food ingestion did not have a significant effect on
the percentages of normogastria, bradygastria and tachygastria
in either the healthy or the operated group. The DF did not
differ significantly between the healthy controls and the
patients. The significant increase observed in the DF in the
healthy controls in the fed state did not occur in the operated
patients. The DFIC was significantly higher in the operated
patients without significant postprandial changes. In the
patients, the DP did not change significantly in the
postprandial period, whereas it increased significantly in the
control subjects; this resulted in a significant difference
between the two groups. A significant difference in PR was
detected between the healthy control subjects and the
operated patients. Significant change in the DPIC was not
observed between the two groups or after food ingestion.

Table 1 Comparison of fasting and postprandial electrogastrographic
variables in healthy control (HC) volunteers and esophagectomized
patients with the stomach as a substitute

Normogastria (%) preprandial
postprandial
P (pre- vs
postprandial)
Bradygastria (%) preprandial
postprandial
P (pre- vs
postprandial)
Tachygastria (%) preprandial
postprandial
P (pre- vs
postprandial)
DF (cpm)
preprandial
postprandial
P (pre- vs
postprandial)
DFIC (%)
preprandial
postprandial
P (pre- vs
postprandial)
DP (V2)
preprandial
postprandial
P (pre- vs
postprandial)
DPIC (%)
preprandial
postprandial
P (pre- vs
postprandial)
Power ratio

HC
(n = 18)

Operated
(n = 21)

P (HC
vs Operated)

79.1±10.5
81.8±9.8
NS

45.3±20.5
42.4±23.3
NS

P<0.001
P<0.001

10.5±5.7
9.7±6.2
NS

31.1±14.4
33.2±14.5
NS

P<0.001
P<0.001

8.4±5.7
6.8±4.9
NS

18.5±11.4
20.8±12.1
NS

P<0.05
P<0.001

2.81±0.62
3.04±0.46
P<0.02

3.06±1.80
3.51±2.00
NS

31.2±12.8
32.3±14.9
NS

53.6±25.9
55.0±27.9
NS

P<0.001
P<0.001

927±447
1 399±727
P<0.005

529±450
603±578
NS

P<0.01
P<0.001

80.1±30.0
88.3±30.2
NS

82.2±36.9
83.5±32.4
NS

NS
NS

1.75±1.2

1.09±0.18

P<0.02

NS
NS

When the electrogastrographic parameters of the
symptomatic and the symptom-free patients were analyzed
separately, the percentages of tachygastria correlated negatively
both with the time that had elapsed since the operation and the
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symptom score (Pearson’s correlation coefficients of -0.652
and -0.740, respectively; P = 0.01 for both). The percentages of
tachygastria for the symptomatic and the symptom-free
patients differed significantly (23.9±11.7 vs 10.9±5.03,
respectively; P<0.003) and similar values were observed in
the fed state (24.9±11.7 vs 6.8±4.9). The tachygastric
fraction in the asymptomatic patients was not significantly
different from that in the healthy controls (10.9±5.03 vs
8.4±5.7; P = 0.38). A correlation could not be established
between other electrogastrographic parameters and the time
that had elapsed since the operation or the manometric
parameters.
Table 2 presents the motility indices in the symptomatic
and symptom-free groups of operated patients and in the
control subjects during fasting and in the postprandial
periods. The motility index increased significantly in the
healthy control subjects, reflecting an increased motility after
food ingestion, whereas it remained unchanged in both groups
of operated patients. Although the motility indices of the
symptomatic and asymptomatic groups of operated patients
were significantly different, both were significantly lower
than that for the healthy volunteers.

Table 2 Fasting and postprandial motility indices in healthy volunteers and in esophagectomized patients with the stomach as a
substitute
Operated (n = 21)
Significance
Symptomatic Symptom Symptomatic vs
free
Asymptomatic
Preprandial 1.39±0.51
Postprandial 1.28±0.81
Significance
NS

2.38±0.82
2.44±1.05
NS

P<0.01
P<0.006

Healthy Significance
controls Operated vs
(n = 18)
control
3.03±0.79
7.39±1.90
P<0.001

P<0.001
P<0.001

The rates of contraction are shown in Table 3. The
frequency of the contractions detected by manometry is
compared with the frequency of the electric activity and
expressed as a percentage. The number of contractions
per minute is less than the DF in each group of subjects, in
both the fasting and the fed state. On an average, only about
two-thirds of the electric control activity was detected as
contractions. A significant postprandial increase in the
contractile rate was seen only in the healthy control subjects.
The fasting and postprandial frequency distributions of
the gastric contractions in the healthy volunteers and the
two groups of operated patients are depicted in Figure 2.
Significant increases in the 1.2-6.6 kPa, >6.6-26.6 kPa
and >26.6 kPa waves were observed in the healthy control
subjects postprandially (P<0.004 for all). Similarly, significant
increases in the >26.6 kPa and >6.6-26.6 kPa waves were
observed in the symptom-free operated patients (P<0.02
and P<0.0001, respectively). Since the preprandial percentage
of the waves of 1.2-6.6 kPa waves was significantly higher
than that for the healthy controls (12.7% vs 27.1%; P<0.001),
significant postprandial change was not observed. In contrast,
in the symptomatic group of patients, the percentage of the
waves of 1.2-6.6 kPa did not change postprandially, whereas
the >6.6-26.6 kPa waves decreased significantly (P<0.002),
as compared to the fasting percentage.
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Table 3 The response to a test meal of mechanical activity in the stomach of healthy volunteers and of esophagectomized patients with a
transposed stomach, expressed as the number of contractions per minute. The electromechanical fractions express the percentage of the
dominant frequency that develops mechanical contractions
Operated patients (n = 21)
Preprandial
Total
Contractions
Electromechanical fraction
1

Healthy controls (n = 18)
Postprandial

Symptomatic

Asymptomatic

Total

Symptomatic

Asymptomatic

2.24±2.01
67.5±22.5

2.03±0.93
70.5±15.8

2.19±1.85
62.5±31.0

2.14±2.28
54.2±32.3

2.26±0.97
76.0±24.8

2.16±1.66
68.7±19.4

Preprandial

Postprandial

2.2±0.71
78.2±17.6

2.36±0.731
75.8±18.7

P<0.02.

%
100
80

3.3
7.4
12.7

5.9 1.5

7.6 1.6

6.6

15.1

41.2
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Figure 2 Distribution of intragastric pressure wave classes for
healthy controls and operated patients in the fasting (F) and postprandial (P) states.

DISCUSSION
The origin of the complaints in patients, who have undergone
oesophagectomy with the stomach substituting for the gullet,
is not clearly understood. These symptoms were earlier
attributed to the loss of contractility of the transposed
stomach[7,9,10], although it has recently been demonstrated
that the stomach as an esophageal substitute maintains its
contractile activity[12-14,32]. Notwithstanding this preserved
contractile activity of the transposed stomach, the patients
frequently suffer from symptoms of disordered gastric
emptying[33-36] and the pathogenesis remains unresolved.
Accordingly, in the present study, we investigated the
relationship between the symptoms and the functional
properties of the transposed stomach, and also the temporal
dimensions. Previous studies had investigated the stomach
as an oesophageal replacement either by manometry[13,14,31-33,37]
or by electrogastrography [7,19,38], and proved that the
transposed stomach generates measurable contractile waves
and displays detectable electric activity. In order to evaluate
the association between the contractile and electric activities
of the transposed stomach in relation to the complaints
of the patients, we applied these diagnostic modalities
synchronously.
The symptoms of our patients are similar to those
reported for the late results of esophagectomy with the
stomach as substitute[39-41]. Postprandial fullness and vomiting
have been shown to be likely consequences of delayed gastric
emptying[42,43]. Half of our symptomatic patients reported
postprandial fullness, which, together with the disordered
contractile activity and dysrhythmias detected, implies
impaired gastric emptying. The dumping syndrome and
diarrhea was less frequent than reported in Ref.[44]. All of

our patients with symptoms of delayed gastric emptying
had been operated on within a year of the assessment. The
prevalence of symptoms in our patients operated on within
the previous year corresponds to or is somewhat better
than the literature data[41,44]. As concerns the severity of the
symptoms in our patients, which were assessed semiquantitatively by using a scoring system, the median score
proved to be less than that reported in diabetic patients
with dyspepsia[26].
Our results indicate that the changes in the distribution
of the gastric wall contraction waves are most pronounced
in the group of symptomatic patients. The mechanical
activity of the transposed stomach was affected most, both
in the fasting and in the postprandial state, and resulted in
the most prominent symptoms. As regards the groups of
patients in whom the stomach is utilized as a substitute after
esophagectomy, the motility indices of the stomach remained
lower and more pronounced in the symptomatic patients.
Feeding normally induces increases in the gastric motility
indices, but this did not occur in either group of our
operated patients. The discrimination of different types of
contraction waves on the basis of their amplitudes and
analysis of the frequency and distribution demonstrated a
lack of postprandial modification of the gastric motor
patterns; moreover, a significant decrease in the percentage
of >6.6-26.6 kPa wave contractions was observed in the
symptomatic patients, as another manifestation of an
insufficient gastric motor activity. In contrast, Collard and
Ramagnoli reported a postprandial increase in contractile
activity, but we observed this only in the healthy controls in
our study, and not in the patients. This controversy might
be explained by the longer post-operative period in the earlier
study [14]. Indeed, after feeding, the higher-amplitude
contractile activities were found to be lower in our
symptomatic patients, whereas an improvement was
observed in the patients free of symptoms. The combined
application of manometry and electrogastrography
demonstrated a good correlation between the changes in
slow wave activity and the mechanical performance. This
is characterized by bradygastria and decreased DP;
additionally, the postprandial increase in myoelectric activity
that occurred in the healthy persons was not observed in
the operated patients. Nonetheless, the DFs in the healthy
controls and the patients did not differ significantly, which
points to a preserved gastric pacemaker activity. These
observations provide further evidence that the changes in
both electric and motor activities are results of vagotomy[2].
The postprandial increases in DF and DP that were observed
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in our healthy control subjects are well known[16,30,31,45,46]. A
postprandial increase in the DFIC did not occur either in
the healthy controls or in the patients, though this instability
was significantly greater in the patients in both the fasting
and the postprandial states, which reveals a more unstable
electric state. The postprandial change in the DP is thought
to be a result of the spatial change in the position of the
stomach[30]. The significant decrease in DP in the operated
patients might therefore, reflect the transposition of the
stomach rather than being a consequence of an altered
function.
The frequency of contractions in our study was lower
than that reported by Collard and Ramagnoli[14] and even the
DF detected by electrogastrography. This could be a
consequence of the methodological difference. We counted
all the contractions in a selected tracing, while Collard and
Ramagnoli counted the contractions in 3 different antral strips
of 10 min each. On the other hand, a difference between
the rate of the electrical control activity and contractile
activity has also been detected by others in dogs by synchronous
serosal electric recordings and intragastric manometry[47].
In the pathogenesis of the symptoms of esophagectomized
patients, gastric vagal denervation has been shown to play a
role[33,48-50] . Accordingly, a novel surgical technique was
elaborated recently to spare the vagal nerves, especially in
patients operated on with benign esophageal diseases[51]. After
vagotomy, delayed gastric emptying of a solid meal was
observed in the early postoperative period, but after a
year the gastric emptying in patients with either truncal or
selective vagotomy did not differ from that in controls[48].
Vagotomy has been shown to result in a disorganization of
the basic electric rhythm in dogs[52] , and tachygastria has
been demonstrated by implanted gastric electrodes in
patients with truncal vagotomy[50]. This is in accord with the
relatively low prevalence and a diminishing tendency with
time of the symptoms of delayed gastric emptying in our
patients.
Our present data are consistent with reports on the
denervated stomach as an esophageal replacement that has
been shown to act as a contractile organ, this contractile
activity being recovered postoperatively over time [13].
However, the recovery of the motor response is not
complete, as indicated by the diminished response of the
motility indices to a test meal even in the asymptomatic
group of patients. A clear difference was observed in the
lengths of post-operative periods of the symptomatic and
the symptom-free patients: a majority of the symptomatic
patients had been operated on within 1 year, whereas the
symptom-free patients have had surgery more than 2 years
previously. Collard reported recovery of the contractile
activity over a 3-year period[13].
An important phenomenon is the tachygastria that occurs
in the transposed stomach, which exhibits a tendency to
return to normogastria in time. Tachygastria has been
documented in patients with functional dyspepsia and
delayed gastric emptying[39,52] . Tachygastria too has been
shown to be accompanied by the absence of contractility in
vagotomized dogs[52] and humans after vagotomy with[45] or
without symptoms of altered gastric emptying. This might
be a consequence of the disturbed proximal-distal
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coordination of pacemaker activity in the smooth muscle.
The negative correlation between the symptoms of our
patients and the postoperative time, together with the
significant difference between the percentages of tachygastria
in the symptomatic and asymptomatic patients suggests that
tachygastria could be one of the important factors playing
a role in the pathogenesis of the complaints. This is supported
by the observation that significant tachygastria was not
detected in the asymptomatic patients or the healthy controls.
These data suggest that the complaints of patients with a
transposed stomach are consequences of a decrease in the
electromechanical activity of the stomach. Electrogastrography
itself is a useful method with which to provide important
information on the gastric motility in these patients.
The major new findings of our present study are the
time dependency of the post-operative complaints and
symptoms of the patients, and their correlation with the
parameters of the myoelectric and contractile activities of
the stomach, obtained by simultaneous electrogastrographic
and manometric investigations. The processes of
electromechanical adaptation in the transposed stomach
result in decreases in time of the postoperative symptoms
in patients after esophagectomy. Tachygastria seems to be
the major pathogenetic factor involved in the contractile
dysfunction.
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Abstract
AIM: To detect the anomaly in the persistent right umbilical
vein (PRUV) of portal vein (PV) with deviation of the
ligamentum tere and left-sided gallbladder.
METHODS: A total of 5783 candidates for routine analysis
were evaluated for hepatic vascular abnormalities by
ultrasonography.
RESULTS: Ten candidates (0.17%) had a portal vein
anomaly with a rightward-deviated ligamentum tere.
The blood-flow velocity in the PRUV of the portal vein
(17.7±3.0 cm/s) of the 10 cases was similar to that of
the right anterior portal trunk (17.6±4.1 cm/s). However,
the vessel diameter of the PRUV (12.4±4.4 mm) was
larger than the right anterior portal trunk (j6.1±0.9 mm).
Therefore, flow volume in the anomalous portion
(0 .97±0.30 L/min) was more than that in the right
anterior portal trunk (0.18±0.05 L/min).
CONCLUSION: The anomaly plays an important role in
intra-hepatic PV flow.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: PV anomaly; Persistent right umbilical vein;
Ultrasonography
Nakanishi S, Shiraki K, Yamamoto K, Koyama M, Nakano T.
An anomaly in persistent right umbilical vein of portal vein
diagnosed by ultrasonography. World J Gastroenterol 2005;
11(8): 1179-1181

http://www.wjgnet.com/1007-9327/11/1179.asp

INTRODUCTION
Abdominal ultrasonography (US) is a routine clinical method
of examining the liver. The classification of Couinaud is

used at present in order to divide the liver into 8 areas
counter-clockwise from the caudate lobe. In this classification,
the portal vein (PV) dominates an area, and the hepatic vein
becomes a boundary in each area. Therefore, understanding
the main root and branching of the PV is very important.
We observed an anomaly in the persistent right umbilical
vein (PRUV) of PV first described by Matsumoto[1] in 1986,
who noted the absence of the umbilical portion of the left
PV from its normal site and deviation of the ligamentum
teres to the right. Therefore, we investigated the prevalence
of PRUV during routine ultrasonography screening.

MATERIALS AND METHODS
Between April 1995 and March 1996, 5 783 (3 227 men,
2 556 women) subjects underwent abdominal US at
Matsusaka Central General Hospital. We had detected
anomalous portal branching of PRUV in 10 persons. Ten
men and 10 women were enrolled in this study.
An ALOKA SSD-650 ultrasound machine with 3.5 MHz
convex array probes was used. Then we routinely assessed
PV flow by duplex sonography (combined real-time and
pulsed Doppler) employing an EUB-565A transducer with
3.5-5.0 MHz (Hitachi, Japan). The wall-filter was set at
50-100 Hz. Sample volume was maintained below 5 mm
and located at the center of each vessel. The spectral
waveform was angle-corrected and the Doppler angles of
incidence were less than 60°. We observed anomalous portal
vein branching system by B-mode method. Then we
investigated blood vessel diameter, mean velocity and mean
flow volume with pulse wave Doppler methods, and
compared the left side umbilical portion with normal group
of patients and trunk of the PRUV. Pulsed Doppler US
was performed in the supine position, using mechanical
ventilation or quiet breathing in a fasting state. The sample
point of the pulsed Doppler US examination was placed at
the center of the umbilical portion.
RESULTS
Anomaly of the PRUV of PV was incidentally detected
during a routine abdominal US. The prevalence of this
anomaly was 0.17% (10 of 5 783). Three men and 7 women
aged 20-81 years (mean, 53.9 years) had the anomaly. In
these patients with PRUV at the portal hepatis, the portal
trunk first gave rise to a branch to the right posterior
segment. The left PV which normally runs horizontally at
this level was absent, and there was no major branch to the
right anterior segment. The portal trunk then ran upward
and gave off a branch to the left lobe. At this point, the PV

1180

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

A

B

February 28, 2005

Volume 11

Number 8

PRUV

P6
P4

RAP

P3
P2

RPP
P7
IVC
Lig.

C

D

Lig.
PRUV

PRUV

Cantlie line
RHV
IVC

Figure 1 Persistent right umbilical vein shown on ultrasonogram. A: Right posterior portal branch originating from the main portal vein at
the portal hepatis; B: Anterior portal branch and P 4 branch of the portal vein originating from the umbilical portion; C, D: Persistent right
umbilical vein on the Cantlie line; PRUV: Persistent right umbilical vein; RAP: right anterior portal vein; RPP: right posterior portal vein; Lig:
Ligamentum teres; RHV: Right hepatic vein.

made a U-turn in a right anterior direction and downward,
giving off branches to the right anterior segment and small
branches to the left lobe. The umbilical portion was not
identified at its usual position (i.e., in the left PV between
the medial and lateral segments of the liver). Instead, a Ushaped part resembling the umbilical portion was seen above
the gallbladder fossa (i.e., on the Cantlie line). Right anterior
segment and quadrate lobe of the liver were supplied from
the entire part of the PRUV (Figure 1).
We then examined the blood vessel diameter of the
PRUV and the right anterior portal trunk. The diameter of
normal adult right anterior portal trunk was 6.1±0.9 mm
(5.9±0.9 mm for men, 6.4±1.0 mm for women) and that
of the PRUV was 12.4±4.4 mm (men 16.0±2.4 mm,
women 10.1±3.8 mm). Therefore, the PRUV was
significantly enlarged. The mean flow velocity in the PRUV
was 17.7±3.0 cm/s (17.6±3.1 cm/s for men, 17.1±3.1 cm/s
for women) and that of the right anterior portal trunk was
17.6±4.1 cm/s (16.0±3.2 cm/s for men, 18.9±3.4 cm/s
for women) demonstrating no difference. However, the mean
flow volume of right anterior portal trunk 0.20±0.06 L/min,
0.18±0.05 L/min for men, 21±0.06 L/min for women) was
significantly lower than that of the PRUV 0.97±0.30 L/min
(1.21±0.21 L/min for men (0.82±0.34 L/min for women)
Table 1.
In patients with this anomaly, the PRUV lay astride
the ligamentum teres, or on the left side of the ligamentum teres of the gallbladder (i.e., left-sided gallbladder)
(Figure 2).
Only in 1 of these 10 cases, the neck of the gallbladder
began diagonally opposite the main PV. The gallbladder body
went in the direction of the left side and fundus was enlarged
to the left side of the above mesenteric artery (Figure 3).
In two patients, the left hepatic vein was shunted from the
top of the PRUV to the portal branch to the inside of the
left-lobe. Turbulent blood-flow together with portal venous

Table 1 Comparison of blood vessel diameter, blood flow velocity
and volume comparison between normal persons (NP) and patients
with PRPV (mean±SD)
Patients with
NP

PRUV

P

16.0±2.4 (n = 4)
10.1±3.8 (n = 6)
12.4±4.4 (n = 10)

<0.01
<0.01
<0.01

16.0±3.2 (n = 4)
18.9±3.4 (n = 6)
17.6±4.1 (n = 10)

NS
NS
NS

1.21±0.21 (n = 4)
0.82±0.34 (n = 6)
0.97±0.30 (n = 10)

<0.01
<0.01
<0.01

mm

Vessel diameter ( )
Male
5.9±0.9 (n=10)
Female
6.4±1.0 (n = 10)
Total
6.1±0.9 (n = 20)
Mean velocity (cm/s)
Male
17.6±3.1 (n = 10)
Female
17.1±3.1 (n = 10)
Total
17.7±3.0 (n = 20)
Flow volume (L/min)
Male
0.18±0.05 (n = 10)
Female
0.21±0.06 (n = 10)
Total
0.20±0.06 (n = 20)

Note: NP, Normal group of patient; PRUV, Persistent right umbilical vein.

shunt was observed at the PRUV (Figure 4). Two patients
underwent hepatic resection because of an intra-hepatic
bile duct stone in the right posterior segment. Furthermore,
1 patient showed malrotation of the intestine in the colon
fiberscopic examination.

DISCUSSION
The prevalence of PRUV ranges from 0.1% to 0.7%,
according to previous reports[1,2,3,6]. The reported prevalence
is almost equivalent to 0.17% (10 of 5 783) in our present
study. Other studies have reported a higher prevalence,
which is 1.2% in the computed tomography study of Maetani
et al.[8]. This difference is probably due to the absence of an
ultrasonographic examination. Infect, 4 of 10 cases in our
study were not detected for this anomaly during a previous
examination. Therefore, this anomaly should be kept in mind
during ultrasonographic examination.

Nakanishi S et al. Persistent right umbilical vein by ultrasonography

Ligamentum teres

GB

PRUV
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Figure 2 Persistent right umbilical vein of the portal vein astride
the igamentum teres of the gallbladder. PRUV: persistent right
umbilical vein; GB: gallbladder; IVC: inferior vena cava.

GB

Ao SMA
MPV

Figure 3 A case of persistent right umbilical vein with left-sided
gallbladder. GB: gallbladder; MPV: main portal vein; Ao: abdominal
aorta.
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the peripheral branch level. Dissection of the liver along
the right side of the ligamentum teres, as is usually performed
in the donor’s liver during a partial liver transplantation,
may cause a circulatory disturbance of a wide area of the
right lobe. Therefore, it is important to understand the portal
running by US before operation. In addition, this portal
anomaly always accompanies the abnormal position of the
left side of the gallbladder (left-sided gallbladder).
Gross[6] proposed two hypotheses for the origin of a
left-sided gallbladder. The normal gallbladder migrates to
the left lobe instead of the right and localizes at, the left
side of the ligamentum teres. An accessory gallbladder may
arise from the left hepatic duct while the normal gallbladder
fails to develop.
However, Ozeki et al. [4] reported a case of left-sided
gallbladder with a PV anomaly and proposed another origin.
They suggested that the gallbladder is situated on the left
side of the ligamentum teres simply because the latter
deviates to the right. Furthermore, Kimura et al. [5] and
Yamasaki et al. [9] reported a case of portal in front of the
duodenum. Infrahepatic inferi should be looked for during
routine US screening or vena cava defect[10], multiple spleens,
malrotation of the intestine and annular pancreas with PRUV
should be considered.
In conclusion, PV anomaly has important clinical
implications in preoperative examination of the liver, and
should be looked for during routine screening.
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Abstract
AIM: To report the long-term outcome of patients after
complete ablation of non-neoplastic Barrett’s esophagus
(BE) with respect to BE relapse and development of
intraepithelial neoplasia or esophageal adenocarcinoma.
METHODS: In 70 patients with histologically proven nonneoplastic BE, complete BE ablation was achieved by argon
plasma coagulation (APC) and high-dose proton pump
inhibitor therapy (120 mg omeprazole daily). Sixty-six
patients (94.4%) underwent further surveillance
endoscopy. At each surveillance endoscopy four-quadrant
biopsies were taken from the neo-squamous epithelium
at 2 cm intervals depending on the pre-treatment length
of BE mucosa beginning at the neo-Z-line, and from any
endoscopically suspicious lesion.
RESULTS: The median follow-up of 66 patients was 51 mo
(range 9-85 mo) giving a total of 280.5 patient years.
A mean of 6 biopsies were taken during surveillance
endoscopies. In 13 patients (19.7%) tongues or islands
suspicious for BE were found during endoscopy. In 8 of
these patients (12.1%) non-neoplastic BE relapse was
confirmed histologically giving a histological relapse rate
of 3% per year. In none of the patients, intraepithelial
neoplasia nor an esophageal adenocarcinoma was detected.
Logistic regression analysis identified endoscopic detection
of islands or tongues as the only positive predictor of BE
relapse (P = 0.0004).
CONCLUSION: The long-term relapse rate of non-

neoplastic BE following complete ablation with high-power
APC is low (3% per year).
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Barrett’s esophagus (BE) is a metaplastic replacement of
the normal squamous epithelium by specialized intestinal
columnar epithelium. BE is considered as a premalignant
condition arising in patients with chronic gastroesophageal
reflux disease (GERD)[1,2]. Approximately 6-12% of patients
with symptoms of GERD develop this condition[2,3]. Gerson
et al[4] reported a BE prevalence of 25% in asymptomatic
male veterans older than 50 years of age undergoing
screening sigmoidoscopy for colorectal cancer. BE is a wellrecognized risk factor for esophageal adenocarcinoma.
Patients with BE have a 30- to 125-fold increased risk of
developing adenocarcinoma compared to the general
population[3,5,6]. Proton pump inhibitor (PPI) therapy, even
at high doses, does not result in complete regression of
BE[7-10]. Thus, there have been made many efforts to develop
effective endoscopic treatments such as photodynamic
therapy[11,12] and laser therapy[13] in order to ablate BE.
In recent years, argon plasma coagulation (APC) has
been suggested as an effective technique for the ablation
of BE[7,14-16]. APC is a thermal cautery device that involves
the transmission of a high-frequency current via a constant
flow of ionized argon gas. The depth of tissue destruction
is limited to 2-3 mm. Short- and mid-term efficacy data of
APC treatment are promising[15-17] . However, long-term
follow-up studies investigating the risk of BE relapse or
development of neoplasia after APC treatment are sparse.
So far, only two studies have assessed the long-term outcome
of patients with BE after APC treatment reporting a high
endoscopic and histological relapse rate of 30 and 62%
during a mean follow-up period of 3 years[18,19].
We have previously described a large cohort of patients
with non-neoplastic BE who underwent ablation of BE by
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high-power APC[16]. Here, we report the long-term outcome
of patients after complete ablation of BE with respect to
BE relapse and the development of intraepithelial neoplasia
or esophageal adenocarcinoma.

MATERIALS AND METHODS
Patients
In an outpatient setting, consecutive patients undergoing
endoscopy for the evaluation of GERD symptoms were
evaluated between 1994 and 1998. Patients were eligible
for the study if BE without intraepithelial neoplasia was
histologically confirmed and written informed consent was
given, particularly regarding the experimental nature of the
APC procedure. Patients were excluded from the study if
they were younger than 18 years of age and if any serious
gastrointestinal or extraintestinal disease or BE with any
kind of intraepithelial neoplasia was present.
Endoscopy and APC treatment
At baseline endoscopy the macroscopic extent of BE was
determined by measuring the distance between the most
proximal point of columnar mucosa and the proximal end of
gastric folds as referenced to the distance from the incisions.
For the APC procedure, patients received intravenous
sedation with 10-mg midazolam. Circumferential areas of
BE were ablated by using an argon beamer device (APC300,
ERBOTOM ICC200; Erbe Medizintechnik, Tübingen,
Germany), using a gas flow of 2 L/min at a power setting
of 90 W. Ablation was initiated at the gastroesophageal
transition zone and proceeded longitudinally toward the
proximal epithelial junction with squamous epithelium. All
APC treatments were carried out by a single experienced
gastroenterologist (H.S.) at intervals of 2-3 wk and continued
until macroscopic and histological complete reepithelialization
with squamous epithelium.
Biopsy protocol and histological assessment
Before the APC procedure, four-quadrant biopsies were
obtained every 2 cm along the visible length of BE by using
a spiked biopsy forceps with an open diameter of 7 mm
(MTW Endoskopie, Wesel, Germany). Additional specimens
were obtained from any abnormal area as recommended
by Levine et al[30].
After macroscopic complete ablation of BE, regeneration
of squamous epithelium was confirmed by quadrant biopsies
every 2 cm. Thereafter, during surveillance endoscopies,
two to four biopsies were routinely taken from the neosquamous epithelium and additional biopsies from any
endoscopically suspected BE or other suspicious lesions.
The histological examination included staining with
hematoxillin and eosin, and PAS-alcian-blue at pH 2.5. The
histologic diagnosis of BE was established only when
specialized intestinal columnar epithelium was detected.
Complete intestinal metaplasia of normal or inflammatory
cardia mucosa was not classified as BE. All biopsies were
examined by two experienced pathologists (M.S. and M.V.).
BE relapse was defined either as endoscopically suspected
and histologically confirmed BE, or as random detection
of BE by biopsies from exactly below the Z-line and/or
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underneath neosquamous epithelium (buried glands).
Antireflux therapy during follow-up
During the entire APC treatment period, 40 mg omeprazole
was given three times daily in order to achieve maximum
acid suppression. After completion of APC treatment the
omeprazole dose was reduced to 20 mg or continued with
40 mg daily as maintenance therapy depending on the results
of pH monitoring and reflux symptoms (cumulative reflux
time [pH less than 4] less than 7% per 24 h). After 12 mo
of follow-up, PPI therapy was continued depending on the
presence of reflux symptoms or if esophagitis was detected
during surveillance endoscopy. Antireflux surgery was
considered in eligible patients.

RESULTS
APC treatment
Seventy-three patients (45 men, mean age 55±12 years,
range 28-77 years) with histologically proven non-neoplastic
BE and at least moderate to severe gastroesophageal reflux
symptoms for more than one year were enrolled in the
initial study[16]. The median length of BE was 4 cm (range
1-12 cm), 56 patients (76.7%) had a BE longer than 2 cm.
Three patients were lost during APC treatment due to
unwillingness to continue and therefore, excluded from this
analysis. In 69 of 70 patients complete squamous regeneration
was achieved after a median of two APC sessions. In one
patient (extent of BE 8 cm) 6 sessions of APC were necessary
during the first 12 mo to achieve complete ablation except
for a persistent small island of residual BE without
intraepithelial neoplasia. After repeated sessions of APC
treatment, this patient also achieved complete ablation and
was included in the long-term follow-up study.
The APC procedures were generally well tolerated[22]. No
severe complications such as bleeding or perforation occurred.
Three patients developed mild esophageal strictures that were
successfully treated by a single bougie dilatation.
Long-term follow-up
Sixty-six out of 70 patients (94.3%) underwent further
surveillance endoscopy approximately every 12 mo. The
clinical characteristics of these 66 patients are summarized
in Table 1. In these patients, the median follow-up period
ranged from 9 to 85 mo with a median of 51 mo giving a total
of 280.5 patient years. During the entire follow-up period,
220 endoscopies were performed (mean 3.3 endoscopies per
patient) with a mean of six biopsies taken during endoscopy.
The remaining four patients who did not undergo further
surveillance endoscopy after the initial follow-up of 12 mo
were interviewed (M.A.) by telephone at mo 84, 75, 61 and
78, respectively, after complete APC ablation of BE. None
of them reported having any symptoms of dysphagia or
having a diagnosis of upper gastrointestinal tract carcinoma.
Thirty-three patients (50%) received further PPI therapy
with symptom-adjusted doses. Based upon patients’
willingness, 22 patients (33.3%) underwent laparoscopic
fundoplication after complete BE ablation. Eight patients who
underwent laparoscopic fundoplication required further PPI
therapy. Eleven patients were free of reflux symptoms and
had no further antireflux therapy.
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Table 1 Baseline characteristics of patients with continuous surveillance endoscopy
Variable
Patients (n)
Length of BE >3 cm, n (%)

66
37 (56)
90 1

Median follow-up (mo)
Hiatal hernia, n (%)

51
26 (39)

Sustained PPI-therapy, n (%)

33 (50)

Laparoscopic fundoplicatio, n (%)

22 (33)

Initial study [16].

BE relapse
In 13 of the 66 patients (19.7%) islands or tongues of BE was
identified during surveillance endoscopy. The macroscopic
features of suspicious BE are summarized in Table 2. In 8
of the 13 patients, BE was histologically confirmed.
Therefore, the cumulative relapse rate of histologically
confirmed BE during the entire long-term follow-up was
12.1% giving an annual relapse rate of approximately 3%.
The probability of sustained absence of BE after complete
ablation by APC is shown in Figure 1.

Table 2 Endoscopically suspicious and histologically confirmed BE
relapse rates for 66 patients
Endoscopically
suspicious BE
Number of patients (%)

Histologically
confirmed BE
Number of patients (%)

13 (19.7)

8 (12.1)

Tongues >3 cm

1 (1.6)

1 (1.6)

Tongues >1 cm
Tongues <1 cm

5 (7.5)
4 (6.1)

3 (4.5)
2 (3)

Small islands

3 (4.5)

2 (3)

Probability of sustained reversal of BE

Endoscopic finding

1.0
0.8
0.6
0.4
0.2
0.0
0
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detection suspicious for BE as the only predictor of
histological BE relapse. Other potential factors such as hiatal
hernia, antireflux therapy or initial length of BE were not
predictive for BE relapse (Table 3).
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Figure 1 Probability of sustained absence of BE after complete
ablation by APC.

Seven of the 8 patients with BE relapse received antireflux
therapy during follow-up (laparoscopic fundoplication, n = 3;
PPI therapy, n = 4). One BE relapse occurred in a patient
without further antireflux therapy. All patients with
histologically confirmed BE relapse were retreated with one
session of high-power APC treatment.
Logistic regression analysis identified the endoscopic

Table 3 Variables as predictors of BE relapse in 66 patients treated
with APC and analyzed using logistic regression analysis
Variable

Multivariate analysis P

Age (yr)

0.57

Gender

0.11

Hiatal hernia
Number of APC sessions

0.15
0.22

Length of BE

0.10

Endoscopically islands or tongues of suspicious BE

0.0004

PPI therapy
Antireflux surgery

0.96
0.73

Importantly, neither intraepithelial neoplasia nor
esophageal adenocarcinoma was detected in our patient
cohort during the entire follow-up period.

DISCUSSION
The presence of BE as the most serious complication of
GERD is associated with an increased risk of developing
adenocarcinoma of the esophagus[1-6]. Thus, besides surveillance
strategies many efforts have been made to develop new
effective therapeutic endoscopic therapy for the ablation
of BE such as thermal laser ablation or photodynamic
therapy and APC[8,11-13,20].
The results of our long-term follow-up study suggest
that endoscopic APC is effective and safe for the ablation
of BE without neoplasia. To our knowledge the present study
currently represents the largest series with the longest
follow-up of patients. During a median follow-up of 51 mo
we observed a low BE relapse rate of 12.1% after a complete
BE ablation, which represents a BE relapse rate of
approximately 3% per year. In our patient population neither
intraepithelial neoplasia nor esophageal adenocarcinoma was
detected.
Since the use of APC was described in a case report[21],
several controlled studies with a larger number of patients
have been fully published with a short- and mid-term
follow-up[14,15,18,17,22,23,25] . The results of these studies are
contradictory regarding both the initial success rate of complete
ablation and relapse rate of BE. In four studies a complete
ablation of BE between 87 and 100% is achieved[15-17,22].
Other studies showed only complete reversal of BE in
61-70% of patients[14,18,23,25]. The reported number of APC
sessions (range 2-4) and the mean length of BE (4-6 cm)
prior to the treatment were comparable in all studies. In
contrast to all other published studies, in our study the highest
level of energy (90 W) was applied during the APC treatment.
This difference might be one reason for the higher rate of
squamous reepithelialization in our study. Pereira-Lima et al[15]
and Tigges et al [22]. used APC at a power setting of up to
70 W and achieved a complete BE reversal in 96 and 91%
of patients, respectively. We also used a higher dose of
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omeprazole (40 mg three times daily) to suppress acid during
the APC treatment period than all other studies.
Since most studies reported a low complication rate,
APC can be regarded as a safe endoscopic method[24].
However, severe complications have been reported in four
patients suffering from perforation[18,25], two patients died
due to these complications. Although we used a high energy
level in our study, only three patients (4.3%) developed a
mild esophageal stricture, that was resolved after a single
session of bougie dilatation. Since the long-term benefit of
this procedure has not been sufficiently investigated, APC
treatment should be still used primarily in experienced centers
and within controlled trials.
Based upon the incidence of adenocarcinoma in patients
with BE (estimated 0.5-1% per year)[1] we would have
expected to observe up to three adenocarcinomas in our
cohort. However, our data are certainly underpowered for
valid incidence rates of adenocarcinoma after APC ablation
of BE, or for the assessment of possible risk reduction of
carcinoma development. In contrast to other studies we
did not include patients with any kind of intraepithelial
neoplasia in our study. Others have shown that in some
cases adenocarcinoma might develop under the new
regenerated squamous epithelium after APC treatment[26,27]
although that was not the case in our study. This fact supports
the current hypothesis that BE arises from pluripotential
stem cells present in the basal layer of esophageal mucosa[28-34].
There are concerns that buried glands could remain beneath
the new regenerated squamous epithelium after APC
treatment and would not be detected by biopsies. However,
it is still unknown whether buried glands relapse or still
remain in BE due to incomplete ablation. Based upon our
long-term follow-up data, this phenomenon appears not to
be a clinically relevant problem, since we did not detect any
buried glands in our cohort. Nevertheless, sampling cannot
definitely rule out BE.
There are only two studies with long-term follow-up
data after APC treatment of BE (Table 2). Kahaleh et al[19]
published a study of 39 patients with BE, 7 of them with
low-grade intraepithelial neoplasia and received APC
treatment. After a complete ablation rate, they demonstrated
a high BE relapse rate of 62% during a median follow-up
period of 36 mo. Five out of seven patients with a lowgrade intraepithelial neoplasia at baseline had recurrence
of BE, one developed low-grade intraepithelial neoplasia
again. In two patients of this cohort an esophageal adenocarcinoma
was detected after a follow-up of 12 and 18 mo, respectively.
Based upon these results, Kahaleh et al [19] concluded that
APC cannot be recommended as an effective ablation
method for BE. There are, however, some limitations in
this study. First, it has to be considered that Kahaleh et al[19]
showed a short-term relapse rate of 44% after 1 mo, thus
it appears that in their study about 44% were incompletely
ablated rather than relapsed. Weinstein[35] suggested that the
reason for the low rate of complete ablation at baseline
may be due to technical factors such as use of energy or
acid suppression agents and demand of more vigorous
ablation especially in longer-segment BE coupled with more
potent acid suppression. Morris et al[18] described a cohort
of 55 patients undergoing APC treatment of BE followed
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up a mean period of 36 mo. After a complete ablation rate
of 70% no BE relapse was observed during the long-term
follow-up. As in our initial report[16], we speculate that
incomplete acid suppression and the lower level of energy
may be the main reasons for the lower success rates of
APC and remaining BE.
Several studies suggested short length of BE (<3 cm)
and the normalization of acid exposure can be used as
positive predictors of long-term reversal of BE[14,19]. Our
regression analysis only identified the endoscopically detected
suspicious BE as a positive predictor of histological BE
relapse, whereas other factors such as the length of BE,
hiatal hernia or previous antireflux therapy had no statistical
impact on the sustained reversal of BE. In contrast to other
studies[18,19] in which endoscopically suspicious BE was always
confirmed histologically, we found endoscopically suspicious
but not histologically confirmed BE in five patients. That
means minimal endoscopic findings may not be equivalent
to BE unless histologically confirmed.
In conclusion this study suggests that endoscopic APC
is an effective method for the ablation of BE without
neoplasia. The long-term relapse rate of BE is low.
Nevertheless, APC treatment of BE does not replace
surveillance endoscopy at present although cost-utility
analysis has shown that subsequent surveillance of patients
with BE but no neoplasia, even at 5-year intervals, is an
expensive practice[36].
Although the present cohort was followed up for over
4 years without any evidence for intraepithelial neoplasia or
adenocarcinoma, further long-term studies are warranted
to determine whether risk reduction of malignancy can be
achieved by APC ablation of BE.
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Abstract
AIM: Inflammatory bowel diseases (IBD) are multifactorial
pathologies of unknown etiology. One susceptibility locus,
IBD5 , has been mapped to chromosome 5q31. We
analyzed our Spanish cohorts of Crohn’s disease (CD)
and ulcerative colitis (UC) patients to determine whether
this locus is associated with IBD, and to ascertain the
main clinical phenotype influenced by this risk factor. The
kind of interaction, either genetic heterogeneity or
epistasis, between this IBD5 susceptibility region and the
NOD2/CARD15 gene mutations was studied as well.
Finally, we assessed whether this locus can predict
response to infliximab therapy.
METHODS: A case control study was performed with 274
CD and 211 UC patients recruited from a single center
and 511 healthy ethnically matched controls. Two
polymorphisms were genotyped in the IBD5 locus and
three in the CARD15/NOD2 gene.
RESULTS: Our results evidence association only with CD
especially with the fistulizing phenotype and in the absence
of NOD2/CARD15 variants (mutant allele frequency in
patients vs controls: OR = 2.03, 95% CI = 1.35-3.06,
P<0.01). The frequency of the IBD5 homozygous mutant
genotype significantly increased in CD patients lacking
response to infliximab (RR = 3.88, 95% CI = 1.18-12.0,
P<0.05). UC patients overall do not show association with
5q31 polymorphisms, although a similar trend to the one
observed in CD is found within the worse prognosis group.
CONCLUSION: The IBD5 variants may enhance an
individual carrier’s risk for CD, mainly in the absence of
the NOD2/CARD15 mutations and in fistulizing patients.
The data presented suggest the potential role of the 5q31
polymorphisms as markers of response to infliximab.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Most patients with inflammatory bowel disease (IBD) are
diagnosed as having Crohn’s disease (CD) or ulcerative colitis
(UC) according to clinical, endoscopic, radiological and
pathological criteria [1]. Epidemiological studies claim
significant contribution of genetics to the IBD etiology[2,3].
Even though differences are present between the two clinical
forms of these autoimmune disorders of the gastrointestinal
tract, relatives of patients with CD or UC are at increased
risk of developing any form of IBD[4]. Therefore, it seems
plausible that both CD and UC patients will share some
susceptibility genes, while others will be phenotype-specific
loci. A 250-kb haplotype in the 5q31 cytokine gene cluster was
first described to confer CD risk in a Canadian population[5] ,
and recently mapping to the OCTN cation transporter in
the same population has been reported[6]. IBD5 association
with UC has also been found in a German cohort, in
addition to the replication of the association of this region
with CD[7]. The so-called IBD5 locus might therefore be
regarded as a general risk factor for IBD, at least in some
populations. Simultaneously, a British study in a large
European cohort of patients did not detect association with
UC, and reported that the risk conferred by the 5q31 locus
to CD patients was dependent on the presence of at least
one of the NOD2/CARD15 disease susceptibility alleles[8].
The NOD2/CARD15 gene is an established CD risk locus,
IBD1 [9-11] . It encodes a protein with affinity for bacterial
components that defectively activates the NF-B pathway[12].
Therefore, whether the 5q31 region is a general risk factor
for both intestinal diseases or for CD exclusively is open to
debate, together with the putative epistatic interaction with
the NOD2/CARD15 predisposition gene. Further evidence
from independent populations will aid in clarifying the
importance of this locus in IBD.
Replication of the initial Canadian study associating the
cytokine cluster region in 5q31 with CD has been obtained
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in British and German populations, whereas the extremely
low frequency of these polymorphisms in Japan precluded
the analysis[13,14]. We aimed at replicating this finding in a
Mediterranean population and we sought to determine the
clinical forms showing the strongest impact of this risk
factor.
Th1 cells are critical in the pathogenesis of CD and the
release of Th1 cytokines increases during CD relapses.
Tumor necrosis factor alpha (TNF-) mediates mucosal
inflammation and the efficiency of the TNF- neutralizing
agents has been proven. The infusion of chimeric anti-TNF-
antibodies (infliximab) has been shown to exert a proapoptotic effect on T-cells[15] and to inhibit the production
of both Th1 type cytokines and granulocyte-macrophage
colony stimulating factor (GM-CSF[16]). Given that the GMCSF gene maps to the 5q31 cytokine cluster, we were
interested in ascertaining whether this IBD5 susceptibility
locus had any influence on the response to infliximab
treatment. Moreover, this 5q31 locus is a cluster of genes
with relevance in the immune response, including several
cytokine genes that map to this chromosomal region, and
this alone may justify the approach.

MATERIALS AND METHODS
Patients and controls
The study group consisted of 274 unrelated adult white
Spanish CD patients (53% women) with median follow-up
10.5 years (95% percentile values range from 3.4 to 26.9 years),
recruited after informed consent from a single center.
Diagnosis of CD was based on Lennard-Jones criteria[17] .
Phenotypic details were obtained with the clinical history
and personal interviews with patients. Disease phenotype
was determined following the Vienna Classification[18].
Location: L1 (Terminal ileum), L2 (Colonic), L3 (Ileocolonic)
and L4 (Upper Gastrointestinal). Behavior: B1 (Inflammatory,
Non-stricturing and non-fistulizing), B2 (Stricturing) and B3
(Fistulizing). Perianal disease was defined by the presence
of perianal abscesses, fistulae and/or ulcers. In addition,
211 unrelated adult white Spanish UC patients (38% women)
were recruited after informed consent from the same center.
Their diagnosis was documented by conventional endoscopic,
histologic, and clinical criteria. The median follow-up period
was 8.5 years (95% percentile values range from 2.7 to
19.4 years). Disease was classified as extensive (inflammation
proximal to the splenic flexure) or distal. Patients and data
are regularly followed up in the Inflammatory Bowel Disease
Unit at Hospital Clínico San Carlos, Madrid. A group of
511 healthy white, unrelated subjects (61% women) from
the Madrid region (mainly hospital employees and blood
donors) were used as controls.
Genotyping
5q31 locus Two variants, IGR2060a_1 and IGR3081a_1,
were independently analyzed by using the SYBR Green
Master Mix of Applied Biosystems, under conditions
recommended by the manufacturer. Allelic genotyping was
achieved in an ABI 7700 Sequence Detector (Applied
Biosystems, Foster City, CA) with the following set of
primers: IGR2060a_1: sense 5’-CTC ATT ACA TCC TTG
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CAA CCC T(G/C)-3’ and antisense 5’-GAC ACA TGG
TGT GAG CTC AGT CA-3’. IGR3081a_1: sense 5’-TCG
CGT GAG TCC TAT TCT TTC T(T/G)-3’ and antisense
5’-TTC ATA CTT CCA GCA GCG GG-3’.
NOD2/CARD15 polymorphisms Primers and probes
used were previously described[19], in summary: Leu1007fsinsC
was genotyped using a TaqMan assay (Applied Biosystems,
Foster City, CA) and PCR products were analyzed in an
ABI 7700 Sequence Detector (Applied Biosystems).
Arg702Trp (sense, 5’-CAT CTG AGA AGG CCC TGC TC
(C/T)-3’; antisense, 5’-CAG ACA CCA GCG GGC ACA-3’)
and Gly908Arg (sense, 5’-TTG GCC TTT TCA GAT TCT
GG (G/C)-3’; antisense, 5’-CCC CTC GTC ACC CAC TCT
G-3’) were typed by allele-specific PCR. Wild-type/mutant
genotype was assessed in an ABI 7700 Sequence Detector
by SYBR Green assay. Previously sequenced samples were
used as controls.
Treatments
Crohn’s disease Forty patients received an intravenous
infusion of infliximab at a dose of 5 mg/kg of body weight
at wk 0, 2 and 6. The physicians assessing clinical response
to infliximab were blinded for the genotype information.
Clinical response was divided into two categories: response
or non-response. Patients with active luminal (non-fistulizing)
disease were considered responders if the CD activity index
(CDAI) decreased below 150 or if a decrease of 70 points in
CDAI after 4 wk was observed[20]. Patients with fistulizing
disease were considered responders in case of complete
fistulae healing or 50% decrease in the number of draining
fistulae within two consecutive visits, i.e., if a response was
observed at both weeks 10 and 14[21].
Ulcerative colitis Medical treatments (steroids, immunosuppressant agents and surgical intervention) were related
to the severity of the disease. Immunosuppressant agents
(azathioprine, 6-mercaptopurine and cyclosporine) were used
in UC patients to induce remission in steroid refractory
disease and as steroid-sparing agent in patients who were
steroid-dependent. Procedures considered as surgical therapy
were colonic resections.
Statistical analysis
Case-control analyses were performed with the 2 statistics
or Fisher exact test. The association between genotypic and
phenotypic characteristics of CD and UC was estimated by
the odds ratio (OR) with 95% confidence interval (CI).
The 2 test or Fisher exact test was used to compare
responders and non-responders and association was
expressed as relative risk (RR) with 95% CI. The statistical
power considering a RR = 1.5 for the 5q31 polymorphisms
is 84.38% for CD and 79.51% for UC. Logistic regression
analysis was performed to assess whether 5q31 homozygous
mutants were correlated with baseline characteristics of
patients treated with infliximab. Statistical analysis was
performed using the Statistical Package for the Social
Sciences (SPSS) version 10.07 for Windows (SPSS Inc.,
Chicago, IL).

RESULTS
Eleven SNPs significantly associated with CD initially defined
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the 250-kb IBD5 locus. Due to the strong linkage
disequilibrium (LD) among them, any of those 11
polymorphisms would be equally informative once LD was
confirmed in one specific population. We genotyped two
of those 11 SNPs, IGR2060a_1 and IGR3081a_1 from
the 5’ and 3’ ends of the IBD5 haplotype, to verify whether
the extent of linkage disequilibrium was similar in our
population and in those previously described. The rate of
LD observed between these two SNPs was confirmed to
be almost complete, in keeping with literature (data not
shown).
In a case-control study with 274 CD and 211 UC Spanish
patients and 511 unrelated healthy controls, we first
examined the CD cohort to determine whether there was
any evidence of association with the two above-mentioned
IBD5 SNPs. The comparison of the frequencies of the
mutant allele carriage in CD patients overall with healthy
controls nearly reached significant levels (200/341 vs
74/170, OR [CI] = 1.35 [0.96-1.89], P = 0.07). Due to
clinical heterogeneity of the disease, it seemed interesting
to clarify in which group of patients IBD5 had the strongest
impact on susceptibility. According to the Vienna
Classification, dealing with anatomical localization and
behavior of the lesions, the analysis revealed that some
unique clinical characteristics were correlated with the
genotype. The extended follow-up of the patients allowed
us to confidently describe the localization and behavior of
their lesions. The patients were classified in three groups:
terminal ileum (L1, 48.6%), colonic (L2, 16.5%) and ileocolonic
(L3, 34.9%). In terms of the behavior their distribution was
inflammatory (B1, 43.3%), stricturing (B2, 16.1%) and
fistulizing (B3, 40.6%). The ileocolonic L3 and fistulizing B3
clinical forms were both significantly associated with IBD5
when compared to control subjects in the Spanish sample
(Table 1). Data supported a dominant model of inheritance.
When allelic frequencies were studied, the fistulizing
patients were also significantly different from the group
formed by the inflammatory plus stricturing patients (B3
(119/101) vs B1+B2 (141/179), OR [CI] = 1.5 [1.04-2.14],
P<0.05). Moreover, the homozygous mutant genotype was
significantly more abundant in fistulizing patients than that
in the inflammatory and stricturing clinical groups (Table 1,
B3 (33/77) vs B 1+B2 (31/132), OR [CI] = 1.82 [1-3.34],
P<0.05).

Table 1 Genotype frequencies of the IBD5 SNPs in Crohn’s disease
patients and controls
TT (%)
Controls (n = 511)
170 (33.3)
CD patients (n = 274)
74 (27)
CD-L1 (n = 133) terminal ileum + UG 41 (30.8)
CD-L2 (n = 46) colon
12 (26.1)
CD-L3 (n = 95) ileocolon
21 (22.1)
CD-B1 (n = 119) inflammatory
36 (30.2)
CD-B2 (n = 44) stricturing
14 (31.8)
CD-B3 (n = 110) fistulizing
24 (21.3)
CD-perianal (n = 47)
10 (21.3)
CD-non perianal (n = 227)
64 (28.2)

GT (%)

GG (%)

236 (46.2)
136 (49.6)
66 (49.6)
23 (50)
47 (49.5)
60 (50.4)
22 (50)
53 (48.9)
23 (48.9)
113 (49.8)

105 (20.5)
64 (23.4)
26 (19.6)
11 (23.9)
27 (28.4)a
23 (19.3)
8 (18.2)
33 (30)c
14 (29.8)
50 (22)

(GG+ GT) vs TT: aP<0.05; OR (CI) = 1.76 (1.02-3.05) compared to controls. (GG+
GT) vs TT: cP<0.05; OR (CI) = 1.79 (1.07-3.00) compared to controls.

Since the IBD1 locus in chromosome 16 is a well-known
genetic factor conferring susceptibility to CD we searched
for epistatic effects with the IBD5 region. Three NOD2/
CARD15 variants (R702W, G908R and L1007fs) act
cooperatively to increase risk in CD: in the presence of any
one of them, risk rises 2-6-fold and when homozygotes or
compound heterozygotes appear, risk reaches up to 40fold. We found that 31.4% of the Spanish CD patients
present at least one of those three polymorphisms compared
to 9.3% controls. To assess whether there was a different
association of the IBD5 locus on stratification by the
NOD2/CARD15 genotype, we studied the allele distribution
of both polymorphisms IGR2060a_1 and IGR3081a_1 in
the NOD2/CARD15-negative and NOD2/CARD15positive populations. In the NOD2/CARD15-positive group,
no IBD5-association could be detected (data not shown).
Interestingly, we could observe that the association with
IBD5 was present in the NOD2/CARD15-negative
individuals (Table 2). In this case, the genotype distribution
in NOD2/CARD15-negative CD patients was significantly
different from the one displayed for the healthy controls
(OR [CI] = 1.68 [1.07-2.66], P<0.05). Again, as seen in the
overall CD cohort, in the NOD2/CARD15-negative
population the L3 and B3 subtypes were associated with the
5q31 polymorphisms (Table 2).

Table 2 Genotype frequencies of the IBD5 SNPs in NOD2/CARD15negative Crohn’s disease patients and ethnically-matched controls
TT (%)

GT (%)

GG (%)

170 (33.3)

236 (46.2)

105 (20.5)

32 (22.9)

69 (49.3)

39 (27.9)a

CD-L1 (n = 55) terminal ileum + UG 16 (29.1)

25 (45.5)

14 (25.5)

Controls (n = 511)
CD patients (n = 140)
CD-L2 (n = 31) colon

8 (25.8)

15 (48.4)

8 (25.8)

CD-L3 (n = 54) ileocolon

8 (14.8)

29 (53.7)

17 (31.5)b
15 (23.1)

CD-B1 (n = 65) inflammatory

17 (26.1)

33 (50.8)

CD-B2 (n = 15) stricturing

6 (40)

7 (46.7)

2 (13.3)

CD-B3 (n = 59) fistulizing

9 (15.25)

28 (47.5)

22 (37.3)d

CD-perianal (n = 34)
CD-non perianal (n = 106)

6 (17.7)

19 (55.9)

9 (26.5)

26 (24.5)

50 (47.2)

30 (28.3)

(GG+GT) vs TT: aP<0.05; OR (CI) = 1.68 (1.07-2.66) compared to controls. (GG+GT)
vs TT: bP<0.01; OR (CI) = 2.87 (1.27-6.73) compared to controls. (GG+GT) vs TT:
d
P<0.01; OR (CI) = 2.77 (1.28-6.2) compared to controls.

Forty CD patients were treated with infliximab, and only
25 of them responded to treatment (see Methods), while
the remaining 37.5% were non-responders. This means that
infliximab was effective in around two-third of the CD
patients, concordant with the previously reported efficiency
of this therapy[21]. This overall response rate did not differ
among the patient groups, regardless of the fistulizing or
luminal phenotype. We pursued checking whether the
polymorphisms located in the 5q31 locus could act as
markers of response to this monoclonal antibody. No
distorted distribution of the 5q31 phenotype among treated
and non-treated CD patients was observed (homozygous
mutant: 24.4% non-treated vs 25% treated). However, when
the response to the monoclonal antibody was studied in
those 40 CD patients (Table 3), the homozygous mutant
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genotype was significantly associated with lack of response
to infliximab treatment (RR [CI] = 3.88 [1.18-12.8], P<0.05).
Patients’ demographics and characteristics did not differ
significantly between responders and non-responders. We
only found significant association between homozygous
mutant carriers and lack of response to infliximab treatment,
which was independent of demographics, disease phenotype
and concomitant medications. The frequency of the
homozygous mutant genotype in the non-responders group
was 46.7%, more than twice the frequency found for the
healthy control cohort (20.3%) (OR [CI] = 3.42 [1.09-10.68],
P<0.05). Moreover, significant difference was maintained
when responders and non-responders to infliximab were
compared (Table 3).

Table 3 Patients’ characteristics at the time of infliximab treatment:
the differential response to infliximab therapy in CD patients depends on their 5q31 genotype
Responder
(n = 25)

Non-responder
(n = 15)

P

Demographics
Mean age, yr (range)

35 (21-66)

Mean duration of disease, yr (range)10 (1-27)

40 (17-68)

0.21

12 (1-31)

0.37

Male:Female

13:12

6:9

0.46

Smoker, n (%)

13 (52)

8 (53.3)

0.93

Extraintestinal

13 (52)

7 (46)

0.92

14 (56)

9 (60)

0.80

manifestations, n (%)
Previous surgery, n (%)
Disease distribution
Small bowel only, n (%)

9 (36)

4 (26.7)

0.54

Colon only, n (%)

3 (12)

2 (13.3)

1

13 (52)

9 (66)

0.62

7 (28)

6 (40)

0.62

Colon and small bowel, n (%)
Indication for infliximab
Inflammatory disease only, n (%)
Fistulizing disease only, n (%)
Inflammatory and

10 (40)

7 (46.7)

1

8 (32)

2 (13.3)

0.27

17 (68)

13 (86.7)

0.27

fistulizing disease, n (%)
Concomitant medication
6-mercaptopurine, azathioprine,
methotrexate, n (%)
Mesalamine, n (%)

7 (28)

4 (26.7)

0.52

Corticosteroid, n (%)

6 (24)

5 (33.3)

1

6 (24)

5q31 genotype
Homozygous wild type, n (%)
Heterozygous, n (%)
Homozygous mutant, n (%)
a

3 (20)

1

16 (64)

5 (33.3)

0.1

3 (12)

7 (46.7)

0.024a

P<0.05, RR (CI) = 3.88 (1.18-12.8).

The UC cohort was then analyzed and no evidence of
association with this pathology in the Spanish sample was
found. No significant difference was observed when
comparing the two clinical forms, extensive and distal, to
healthy controls. The main genetic determinant of UC
susceptibility and extension within the Major Histocompatibility
Complex (MHC) in our population is DRB1*0103.
Stratifying by this MHC factor did not yield any difference
either. Although UC disease can be treated with steroids in
order to control symptoms, some patients eventually become
resistant to or dependent on this therapy. To treat disease
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exacerbation in those cases, immunosuppressive therapy or
even surgery is performed. If immunosuppressive drugs
and/or surgical therapy were used at least once during the
disease, it was considered as severe colitis. When the
distribution of the 5q31 alleles was compared between these
severe colitis patients and the healthy controls, a trend for
association was seen (56/48 vs 440/572, OR [CI] = 1.52
[0.99-2.32], P = 0.05). These results could point to clinical
heterogeneity of the UC samples tested as the cause
underlying the variability reported in the association with
the 5q31 haplotype. Others[22] have already observed the
different UC incidence rate between sexes present in our
population. The gender distribution of the IBD5 genotype
was compared to discern the male predominance in UC as
a factor altering our results and no difference was found
between men and women (TT: 39/22; GT: 73/42 and GG:
26/22, respectively).

DISCUSSION
A haplotype spanning 250 kb in the cytokine gene cluster
on chromosome 5q31 was originally reported to be associated
with Crohn’s disease in a Canadian population[5,23]. Moreover,
functional variants of OCTN cation transporter genes
have been recently found in association with CD in this
population, probably affecting the uptake of physiologic
compounds and toxins [6]. Replication trials have been
performed in order to verify the association of the 5q31
locus in independent cohorts. There are important
disagreements in the literature regarding the relevance of
this chromosome 5-risk locus in IBD. The influence of
this locus in UC has been reported only once [7]. The
primary purpose of this work was testing the involvement
of the IBD5 risk alleles in IBD disease susceptibility in the
Spanish population. We have been able to replicate the
association previously found in CD, but not in our UC
cohort, although both seem to share a similar trend. This
difference could be due either to a lesser effect of this
locus on UC susceptibility or to an association with a yetunidentified specific subgroup of UC patients or to the
combination of both.
The complex genetic background of IBD has been
revealed by the identified locus to locus interactions. A
previous study stated that the IBD5 association was present
only in individuals with at least one of the known NOD2/
CARD15 susceptibility alleles, but was not significantly
elevated in CD patients who had no NOD2/CARD15
mutation[8]. The present work shows that the association
found with IBD5 in the Spanish CD cohort was due to the
predisposition conferred to the NOD2/CARD15-negative
subpopulation, and no influence was detected in the NOD2/
CARD15-positive group. Our results agree with others
reporting a contribution of the 5q31 variants in CD
independently of the presence of NOD2/CARD15
susceptibility alleles[7,14]. Moreover, our group has already
deter mined that NOD2/CARD15 and the Major
Histocompatibility Complex locus are also independent
genetic risk factors for CD[24]. The data presented suggest
that one CD susceptibility locus affect a definite patient
subgroup. Therefore, IBD predisposition would not always

Urcelay E et al. IBD5 and response to infliximab

be conferred by the presence of the same polymorphisms
in many susceptibility genes, each with a small effect. Most
probably, few variants would be enough to increase risk to
one specific clinical form, and a different combination of
risk factors would lend susceptibility to another clinical form.
Thus, the genetic background determines which pathways
are preferentially activated during tissue damage.
To assess the repercussion at the clinical subtypes of
the disease, a detailed analysis following the Vienna
Classification was performed. The CD perianal phenotype
has been reported essential in the association with IBD5[14].
In contrast, the fistulizing phenotype is more strongly
associated in the Spanish cohort tested in the present study,
and in our patients, perianal lesions do not seem to be so
crucial. It is interesting that both the interactions with the
IBD1 locus and the relationship with the clinical phenotype
are not unequivocally reproduced in all the populations
studied, probably indicating that the underlying different
clinical composition of the cohorts tested sometimes
preclude from detecting an effect. One could postulate that
something similar occurs within the UC cohort, i.e., the
different clinical composition may explain the apparently
contradictory results reported in terms of association with
the 5q31 locus.
Infliximab is a chimerical monoclonal antibody that
inhibits the action of TNF-. Although both infliximab and
etanercept show powerful TNF- neutralization, only
infliximab (the only one effective in CD) binds to peripheral
blood lymphocytes and lamina propria T cells to induce
apoptosis of activated lymphocytes[15]. This provides a
biological basis for the difference in CD effect of both
drugs. It has been recently demonstrated that T cells from
CD patients produce increased amounts of GM-CSF and
that this increase significantly correlates with CD activity[16].
Moreover, the same study shows that infliximab inhibits
the production of GM-CSF by mucosal T cells. Therefore,
given the location of the GM-CSF gene in the IBD5 risk
locus, we were interested in exploring these 5q31 variants
as potential markers of infliximab response. In clinical trials
in CD, infliximab significantly decreased the CD activity
index compared to placebo in treatment-resistant disease.
However, this agent is expensive and at least one-third of
the eligible patients fail to show any useful response. Lack
of response seems a stable trait even after repeated
infusions, suggesting that it might be genetically determined.
Identifying predictors of response to infliximab may lead
to better selection of patients for this maintenance therapy
for individuals with CD. Several genes have been studied
for this purpose: the TNF- gene polymorphisms show
conflicting results as predictors of response. Polymorphisms
in the TNF- receptors and the three mutations in the
NOD2/CARD15 gene have been reported not to be
associated with infliximab response[16]. Our results showed
that chromosome 5 polymorphisms associated with
susceptibility to CD could be considered as good markers
for response to infliximab therapy. The homozygous mutant
patients for these IBD5 variants present a significantly worse
response to infliximab. However, as the number of patients
recruited is small, this preliminary interesting finding should
be further confirmed in a larger cohort of treated CD
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patients before making any definite conclusion.
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Abstract
AIM: To evaluate the significance of transforming
growth factor beta (TGF ) expression, in correlation
with histopathological parameters, at the front of invasion
in T1 colorectal cancer (CRC) and presence of metastases.
METHODS: TGF  immunohistochemical expression was
studied in 34 specimens of colorectal adenocarcinomas
(pT1). A three-step avidin-biotinylated immuno-peroxidase
(ABCu-NCL) staining technique was performed on 4-µm
paraffin-embedded tissue sections with a monoclonal
antibody to TGF  (Novocastra, NCL-TGFB, clone TGFB 17,
dilution 1:40).
RESULTS: Seventeen (50%) out of 34 lesions were
positive for TGF  expression. The TGF -positive rate in
patients with vascular invasion was significantly higher than
in those without vascular invasion (11/14 cases, P<0.01,
P = 0.005). The TGF -positive rate was observed in 91.7%
of patients with presence of tumor budding at the front of
invasion (11/12 cases, P<0.01, P = 0.0003). A statistically
significant correlation was found between the presence
of lymph node metastases and positive expression of TGF
 (14/16 cases, P<0.01, P = 0.0001). We also observed
that the TGF -positive rates in groups with distant and
non-distant metastases were 92.8% and 20% respectively,
and a significant correlation between TGF  expression
and distant metastasis was shown (P<0.01, P = 0.00003).
CONCLUSION: The evaluation of TGF  expression of
protein in association with histological parameters can
be used as a parameter of the aggressiveness of pT1
CRC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: TGF; Tumor budding; Colorectal cancer
Guzinska-Ustymowicz K, Kemona A. Transforming growth factor
beta can be a parameter of aggressiveness of pT1 colorectal

cancer. World J Gastroenterol 2005; 11(8): 1193-1195

http://www.wjgnet.com/1007-9327/11/1193.asp

INTRODUCTION
Colorectal cancer (CRC) is one of the most common types
of cancer in Poland and other western countries. According
to statistics, the mortality of CRC is ranking second in western
countries and third in Poland amongst all cancers. That is
why its biology is still being investigated by researchers[1-3].
Transforming growth factor  (TGF ) is a multifunctional
cytokine that can induce growth inhibition, apoptosis, and
differentiation of intestinal epithelial cells[4,5].
Generally, TGF  inhibits the growth of nor mal
intestinal epithelial cells but can switch to a growth
stimulator with tumor progression and enhance malignant
transformation[6,7].
Until now, the number of potential prognostic factors
for CRC is continually increasing, which is associated with
its biologically diverse malignancy, given the same stage of
advancement. Some histological parameters such as vascular
invasion and tumor budding at the front of invasion seem
to give very important information about invasive potential
and metastasis of CRC. A few published studies have
associated tumor- budding with metastatic changes[8-12] .
These results seem to confirm that tumor- budding can
play a crucial role as a prognostic factor in CRC. Also, the
observed presence of neoplastic cells and nets of cells in
lymphatic and venous vessels (vascular invasion) is an
important feature of invasiveness in CRC. On the other
hand, the presence of lymph node and distant metastasis is
a recognized parameter of metastatic potential. This is why
the aims of the study were, to evaluate the vascular invasion
and tumor-budding in CRC growth zone, to analyze its
relationship with the expression of TGF  protein in tumors,
and to find any correlation between the expression of TGF
 and the presence of metastases.
MATERIALS AND METHODS
Collection of samples
Thirty-four T1 colorectal carcinoma specimens from 34
patients, treated by radical surgery at the Department of
Surgery, J. Śniadecki Hospital, Białystok, Poland, between
1999 and 2003, were examined retrospectively. Patients’
clinical records and pathological reports were reviewed with
special attention paid to the presence or absence of lymph
node metastasis, local recurrence, and distant metastasis.
Tissue specimens were collected immediately after tumor
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removal, fixed in 100 g/L formaldehyde, embedded in paraffin,
and then histopathologically examined using standard
hematoxylin-eosin staining according to the TNM classification.
Vascular invasion, lymphatic and venous invasion were
examined and grouped. Tumor budding was examined
according to the criteria of Morodomi et al[1].

Table 3 TGF  expression in main mass of CRC with and without
distant metastasis

Immunohistochemistry
Slides of 4-m-thick serial sections of the primary tumor
were prepared. A standard avidin-biotin immunoperoxidase
(Novostain Super ABC Kit (universal), No. NCL-ABCu,
Biokom, Poland) method was used for the detection of
TGF  expression. Briefly, the slides were dewaxed using
xylene, transferred to alcohol, placed in citric acid buffer
(10 mmol/L) and heated in a microwave oven (700 W) for
15 min to expose antigens. Endogenous peroxidase activity
was inhibited by incubating the section with 3% hydrogen
peroxide in methanol for 5 min. The slides were then washed
three times with phosphate-buffered saline (PBS) and
incubated in 10 g/L normal horse serum for 20 min to
reduce nonspecific antibody binding. After washing with PBS,
the slides were incubated overnight at 4 ℃ with monoclonal
antibodies. Anti-human TGF  protein monoclonal antibody
(Novocastra, NCL-TGFB, clone TGFB 17, dilution 1:40,
Biokom, Poland) was used. Nonspecific mouse IgG was
used as a negative control. The reaction products were
visualized with diaminobenzidine DAB (DAKO S3000,
Dako, Poland). The sections were counterstained with
hematoxylin, dehydrated, and mounted. The tissue sections
known to be positive were used as positive controls.

P = 0.00003, P<0.01.

Evaluation of samples
The immunostaining of cytoplasm was observed under a
light microscope for TGF . TGF  expression was semiquantitatively assessed in neoplastic cells of primary tumors.
Cases were considered positive when >20% of cancerous
cells was stained with TGF  and negative when <20% of
cancerous cells was stained with TGF . The percentage of
TGF -positive cells was calculated in at least 500 neoplastic
cells per sample, under light microscope (×400). The overall
results of immunohistochemical examinations are presented
in Tables 1-4.

Expression of TGF , n (%)
Parameter
With distant metastasis
Without distant metastasis

Total (%)

n
14
20

Negative

Positive

1 (7.2)
16 (80.0)

13 (92.8)
4 (20.0)

41.2
58.8

Table 4 TGF  expression in main mass of CRC with and without
tumor budding
Expression of TGF , n (%)
Parameter

Total (%)

n
Negative

Positive
11 (91.7)

35.3

6 (27.3)

64.7

With tumor budding

12

1 (8.3)

Without tumor budding

22

16 (72.7)

P = 0.00003, P<0.01.

Statistical analysis
The association between TGF  expression and clinicopathological parameters was examined using 2 test. Fisher’s
exact test was used for statistical analysis. P<0.05 was
considered statistically significant.

RESULTS
In our study, 17 (50%) out of 34 colorectal carcinomas
displayed positive cytoplasmatic TGF  protein reactivity
(Figure 1). There was a significant difference between the
expression of TGF  in patients with and without vascular
invasion (78.6% and 30% respectively, P<0.01). A significant
difference also existed between the expression of TGF  in
primary tumor and lymph node metastases (87.5%, P<0.01)
and distant metastases (92.8%, P<0.01). The presence of
tumor- budding at the front of invasion showed a statistically
significant correlation with the expression of TGF  in the
primary tumor (P<0.01).

Table 1 TGF  expression in main mass of CRC with and without
vascular invasion
Expression of TGF , n (%)
Parameter
With vascular invasion
Without vascular invasion

Total (%)

n
14
20

Negative

Positive

3 (21.4)
14 (70)

11 (78.6)
6 (30)

41.2
58.8

P = 0.005, P<0.01.

Table 2 TGF  expression in main mass of CRC with and without
lymph node metastasis

Figure 1 Strong cytoplasmic expression of TGF  in neoplastic cells
×200.

Expression of TGF , n (%)
Parameter
With lymph node metastasis
Without lymph node metastasis
P = 0.0001, P<0.01.

Total (%)

n
16
18

Negative

Positive

2 (12.5)
15 (83.3)

14 (87.5)
3 (16.7)

47.1
52.9

DISCUSSION
Recent studies reported that many tumor cells, including
colon cancer cells, can secrete TGF [13,14]. It has been shown
that elevated levels of human TGF  protein in colorectal

Guzi ń ska-Ustymowicz K et al. TGF beta in colorectal cancer pT1

cancer correlate with an increased metastatic potential[15] .
There is a significant correlation between tumor expression
of TGF  1 and a shorter post-operative survival[16]. It has
been reported that plasma concentrations of active total
TGF 1 are significantly higher in patients with CRC than
in healthy volunteers[17]. Patients with CRC in stages C-D
have significantly higher expressions of TGF 1 in tumors
[16]
. Some authors observed that the expression of TGF 1
is closely related to a higher rate of lymph node metastases
in gastric cancer [18]. Our results also showed that the
expression of TGF  in CRC pT1 with lymph node and
distant metastasis was higher. All these findings are consistent
with the results from Robson et al[19] who reported a positive
expression in 58% of tumors. Similarly, Bellone et al [20]
reported that colon carcinoma progression is associated with
gradual and significant increases in the expression of
TGF-1, TGF-2 mRNA and proteins. Tsushima et al[21]
showed that preoperative TGF 1 level is a predictive factor
for liver metastasis after curative resection.
The novel histopathological parameter in CRC associated
with invasion is known as ‘tumor- budding’. Recent studies
of the prognostic factors for CRC have paid attention to
tumor-budding as a potential prognostic factor [1,8-12] . We
found a statistically significant correlation between the
intensity of tumor- budding and lymph node involvement[2].
Hase et al [8] examined 663 patients with CRC for tumorbudding, and suggested that tumor- budding is an important
prognostic factor in patients with CRC. Morodomi et al [1]
reported that tumor- budding represents the neoplastic cells
that are directly involved in host tissue invasion. According
to these authors, if the degree of differentiation in colorectal
adenocarcinoma is moderate (G2), lymph node involvement
is highly probable. However, even in these moderately
differentiated tumors, lymphatic involvement is probable
but less likely. In well-differentiated adenocarcinomas (G1),
tumor-budding and lymphatic invasion are usually not
observed. If tumor-budding occurs in such cases, then lymph
node involvement is highly probable.
We found that the expression of TGF  in investigated
tumors (T1) was strongly correlated with the presence of
tumor -budding, vascular invasion at the front of invasion
and presence of lymph node and distant metastases. These
results suggest that TGF seems to be closely related to the
aggressiveness of CRC.
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Abstract
AIM: To study the role of the intracellular receptor domain
of gp130 in human inflammatory bowel disease (IBD).
METHODS: We amplified and sequenced the complete
exon 17 of the human gp130 gene in 146 patients with
IBD. According to clinical and histopathological signs,
the 146 patients with IBD were classified as having
Crohn’s disease (n = 73) or ulcerative colitis (n = 63),
or as indeterminate status (n = 10).
RESULTS: No mutations in exon 17 of the gp130 gene
could be detected in any of the 146 patients with IBD
examined.
CONCLUSION: There is no evidence that mutations in
exon 17 of the gp130 gene are involved in the pathogenesis
of human IBD.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The gp130 cytokine family includes interleukin (IL)-6, IL-11,
leukemia inhibitory factor, oncostatin M, ciliary neurotrophic
factor, novel-neurotrophin-1/B-cell stimulating factor-3,
neuropoietin and cardiotrophin (CT)-1. Signal transduction
of gp130 cytokines involves activation of the Janus kinases
and signal transducer and activator of transcription (JakSTAT) signaling cascade pathway as well as the src-homology
tyrosine phosphatase 2 (SHP2)-Ras-Erk pathway. Briefly,
ligand binding to the gp130 receptor complex induces
autophosphorylation of Jaks, followed by the phosphorylation
of specific tyrosine residues in the cytoplasmatic receptor
domain and subsequent tyrosine phosphorylation of STAT
proteins. Phosphorylated STAT proteins (pSTATs)
translocate as homo- or heterodimeric complexes to the
nuclei and act as specific transcription factors by binding to
regulatory promoter elements of various genes[1-3].
The intracellular domain of the common gp130 receptor
subunit harbors several essential motifs involved in signal
transduction of gp130 cytokines (Figure 1). The membrane
proximal homology region of the intracellular gp130 domain
containing the box1 and box2 motifs is important for Jak
association[1,4]. The tyrosine residue Y757/759 (murine/human) in the
cytoplasmic domain of activated gp130 is essential for the
association of gp130 with src-homology 2 domain-bearing
protein tyrosine phosphatase (SHP)-2 and suppressor of
cytokine signaling (SOCS)-3[1,4]. SHP-2 down-regulates STAT
signaling and links the Jak-STAT cascade to the rasdependent mitogen-activated protein kinase pathway. SOCS-3
inhibits the Jak-STAT signaling cascade by directly inhibiting
Jak kinase activity as well as by binding to activated
intracellular cytokine receptor domains and inhibiting further
protein association[1,3,4]. Finally, the tyrosines Y765/767 (murine/human),
Y812/814 (murine/human), Y904/905 (murine/human), and Y914/915 (murine/human) in
the cytoplasmic domain of activated gp130 are required
for the association of STAT proteins with gp130. This
association is essential for STAT phosphorylation and
activation[1,4].
Gp130 STAT mice harboring a mutated (Y765F and
Q768A) and truncated (769stop) intracellular gp130
receptor domain, thus lacking the four specific STAT-binding
site motifs YxxQ at tyrosines Y765/812/904/914 in murine gp130,
display abrogated STAT3 phosphorylation but elevated
activation of SHP2 and Erk1/2 following IL-6 stimulation.
Gp130 STAT mice show impaired colonic mucosal wound
healing, mucosal ulcers in the gastric pylorus and coecum, and
exaggerated sodium dextran sulfate (DSS)-induced colitis[5-7].
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Figure 1 Schematic diagram of the intracellular receptor domain
of human gp130 (adapted from Refs.[1-5]).

Crohn’s disease and ulcerative colitis are classified as
chronic inflammatory bowel diseases (IBDs) characterized
by chronic inflammation and the inability to maintain
mucosal integrity in the large and/or small intestine. The
human gp130 gene is located on chromosome 5q11[4]. Until
now, linkage studies have not reported the g p130corresponding loci on chromosome 5q11 to be susceptible
loci for IBD [8], whereas there have been considered
susceptible loci for IBD on chromosome 5q31 and 5q13[8].
Nevertheless, data obtained from Gp130STAT mice strongly
suggest that mutations in the intracellular binding sites of
gp130 might play a role in the pathophysiology of IBD[5-7].
Therefore, we performed a candidate gene study, searching
for mutations in exon 17 of the gp130 gene in 146 patients
with IBD.

MATERIALS AND METHODS
Patients
A total of 146 patients with Crohn’s disease (n = 73),
ulcerative colitis (n = 63) or indeterminate colitis (n = 10)
were recruited through the IBD in-patient and out-patient
clinics at our university hospital in Munich. Patient data
were obtained by chart review and patient questionnaire
and recorded by a senior gastroenterologist. Inclusion criteria
were based on homogenous diagnostic parameters including
clinical data (physical examination, CDAI[9]/Lichtiger score[10]),
laboratory findings, endoscopic criteria (location and degree
of inflammation, stenosis, fistulas, transmural involvement
in colonoscopy) and radiological findings (CT and/or MRT).
At inclusion, all patients had duration of IBD of more
than one year. An infectious pathogenesis of gastrointestinal
symptoms was excluded in all patients by biopsy and stool
culture. EDTA blood samples for molecular genetic studies
were taken, after written informed consents were obtained
from the patients and/or their parents. The study protocol
followed ethical guidelines and was approved by the
Institutional Ethical Committee.
DNA isolation and sequencing
Genomic DNA was isolated from the peripheral blood
leukocytes with the DNA blood mini kit (QIAGEN, Hilden,
Germany). Exon 17 of the gp130 gene (GeneBank Accession
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M57230; Ref.[4]) was amplified by PCR using the intronspecific primer pair 5’-AGTTTCAGAGATGCATTA
GCTCTGTG-3’ (sense) and 5’-GGCAAATGATCATCTT
CAGAGAGTG-3’ (antisense; nt 68781 to nt 69703 in
GeneBank Accession AC016596) in order to avoid
amplification of an intronless pseudogene of gp130[4]. Each
50-µL reaction contained approximately 300 ng of genomic
DNA, 0.4 µmol/L of each primer, 1.5 mmol/L MgCl2 ,
5 µL Thermo Start reaction buffer (ABgene, Epsom, UK),
125 µmol/L dNTPs, and 0.25 µL of Thermo Start Taq
DNA polymerase (ABgene). PCR was performed for 40
amplification cycles (denaturation at 95 ℃ for 30 s, annealing
at 62 ℃ for 30 s and extension at 72 ℃ for 30 s). PCR
products were purified using the QIAquick PCR purification
kit (QIAGEN, Hilden, Germany) and sequenced with the
Big Dye terminator v3.1 ready reaction cycle sequencing
kit (Applied Biosystems, Foster City, USA). Data analysis
was performed on an ABI Prism 377 DNA sequencer
(Applied Biosystems).

RESULTS
Patient characteristics
Seventy-three patients with Crohn’s disease (39 males, 34
females), 63 patients with ulcerative colitis (24 males, 39
females) and 10 patients with indeterminate IBD (4 males,
6 females) were examined. The median age at inclusion was
39±10 years in the CD group, 41±15 years in the UC group
and 47±19 years in the indeterminate group (mean±SD).
All patients included in this study had a history of at least
one episode with an elevated CDAI [9] of more than 150
points in Crohn’s disease or a Lichtiger[10] score of more
than 10 points in ulcerative colitis in combination with
characteristic endoscopical and radiological findings.
gp130 exon 17 sequencing
The genomic DNA of the 146 patients with IBD, who
were classified as Crohn’s disease (n = 73), ulcerative colitis
(n = 63) and indeterminate IBD (n = 10), was sequenced
for mutations in exon 17 of the gp130 gene. None of
these 146 patients carried a mutation or a polymorphism in
this region of the gp130 receptor gene. Therefore, we could
exclude mutations in exon 17 of the gp130 receptor gene
being involved in the etiology of Crohn’s disease in more
than 5% of patients (P<0.05). Likewise, we did not find
any evidence that mutations in exon 17 of the gp130
receptor gene might be involved in the etiology of ulcerative
colitis.

DISCUSSION
The current study demonstrated a lack of mutations in
exon 17 of the human gp130 gene in 146 patients with
IBD, e.g., Crohn’s disease and ulcerative colitis. Exon 17
of the gp130 gene[4] is spanning most of the intracellular
region of the gp130 receptor (Figure 1) and harbors several
important signal transduction regions such as the membrane
proximal box2 motif for Jak association, the tyrosine residue
Y757/759 (murine/human) for SHP2 and SOCS-3 association, and
the tyrosine residues Y765/767 (murine/human), Y812/814 (murine/human),

1198

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Y904/905 (murine/human), and Y914/915 (murine/human) for STAT association[1,4].
The animal model of gp130 STAT mice demonstrated
impaired STAT activation due to a truncated intracytoplasmatic
gp130 receptor domain lacking the tyrosine residues
Y765/812/904/914 associated with impaired mucosal healing,
mucosal ulcers in the gastric pylorus and caecum, and
exaggerated DSS-induced colitis[5-7] . On the other hand,
gp130 (757F) mice harboring a mutated (Y757F and
V760A) YxxV motif for SHP-2 and SOCS-3 binding
displayed enhanced tissue STAT3 phosphorylation, but
abrogated SHP2-Ras-ERK signaling following IL-6
stimulation. Gp130 (757F) mice developed gastric adenomas
by 3 mo of age[6]. These two gastrointestinal phenotypes
are highly similar to the phenotypes exhibited by mice
deficient in trefoil factor 1 (pS2/TFF1) and in intestinal
trefoil factor (ITF)/TFF3, respectively. TFF1 and TFF3
are members of the trefoil factor (TFF) family; each of
them bears a characteristic three-looped structure known
as the trefoil domain. TFF1 is primarily expressed in gastricpit mucus cells. TFF3 is expressed at its highest level in the
mucous-secreting goblet cells of the small and large intestine.
TFFs are supposed to be involved in the process of healing
or restitution, since they are upregulated after injury to the
gastrointestinal epithelium. TFF1 knock-out mice could
develop gastric hyperplasia, whereas deletion of TFF3 might
become visible in an exaggerated response to DSS-mediated
epithelial damage. Regulation of TFF1 and TFF3 in the
gastrointestinal tract seems to be dependent on SHP2/Erk
and STAT1/3 signaling, as reduced gastric levels of TFF1
can be seen in gp130 (757F) mice, while reduced colonic
levels of TFF3 are observed in gp130DSTAT mice[6,7]. Taken
together, it seems that the integrity of the gastrointestinal
mucosa can be maintained by a balanced activation of both
pathways (leading to a certain ratio of TFF1 vs TFF3).
According to this model, the imbalance in favor of STAT1/3
signaling leads to excessive antral proliferation, presumably
caused by unhindered effects of STAT signaling. An
exaggerated activation of the SHP2/Erk signaling cascade
results in mucosal healing defects due to a lack of
phosphorylated STAT3. Either the decreased level of
phosphorylated STAT3 itself or down-regulation of TFF3
leads to impaired epithelial cell migration after the injury of
the intestinal epithelium. However, our current study has
demonstrated that impaired STAT activation due to a
mutated or truncated intracellular gp130 receptor domain
is not involved in the pathogenesis of IBD in humans.
Nevertheless, mutations at this site might be involved in
the pathogenesis of other human diseases, e.g., degenerative
joint disease or blastocyst implantation failure[5].
Other studies suggest IBD to be associated with
increased rather than decreased STAT activation. Increased
STAT1 phosphorylation[11], STAT3 phosphorylation[12], and
STAT-dependent SOCS-3 expression [11,12] have been
observed in human colon samples from patients with IBD..
Phosphorylated STAT proteins are primarily expressed in
inflammatory cells infiltrating the mucosa[11,12] and STAT
activation is probably due to IL-6-mediated stimulation of
these cells[13]. Suzuki et al[14] reported that a mutant SOCS-1
protein (F59D-JAB) inhibits the negative regulatory effects
of endogenous SOCS-1 and SOCS-3. F59D-JAB transgenic
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mice demonstrate exaggerated DSS-induced colitis and
hyperactivated STAT3 activation, probably due to lack of
the negative regulatory role of SOCS-3[12]. Loss of SOCS-3
has recently been shown to result in prolonged STAT3 and
STAT1 activation after IL-6 stimulation[15,16].
In summary, dysbalance of the Jak-STAT pathway
seems to be involved in the pathogenesis of colitis[6,8,12,14].
In the current study, however, we found no evidence that
mutations in exon 17 of the gp130 gene, encoding all
functionally essential intracellular tyrosine residues of the
gp130 receptor (Figure 1), are involved in the pathogenesis
of human IBD. Our data suggest that other mechanisms
are important for the dysbalance of the Jak-STAT pathway
in IBD. The role of STAT protein activation and negative
regu lation of Jak-STAT signaling merits further
investigation. Studies on the putative role of SOCS-3
mutations in the pathogenesis of IBD are currently
underway.
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Abstract
AIM: To investigate the relation of human papillomavirus
(HPV) and esophageal squamous cell carcinoma (ESCC)
in Iranian patients as compared to normal controls.
METHODS: Using MY09/MY11 consensus primers, we
compared the prevalence of a HPV L1 gene in tumor
tissues from 38 ESCC cases and biopsied tissues from 38
endoscopically normal Iranian individuals. We also
compared the presence of HPV16 and HPV18 in the same
samples using type-specific E6/E7 primers.
RESULTS: Fourteen (36.8%) of the 38 ESCC samples
but only 5 (13.2%) of the 38 control samples were positive
for the HPV L1 gene (P = 0.02). Five (13.2%) of the ESCC
samples but none of the control samples were positive
for the HPV16 E6/E7 gene (P = 0.05). Three (7.9%) of
the ESCC samples and 5 (13.2%) of the control samples
were positive for the HPV18 E6/E7 gene (P = 0.71).
CONCLUSION: Our data are consistent with HPV DNA
studies conducted in other high-risk areas for ESCC. HPV
should be considered as a potential factor contributing to
the high incidence of ESCC in Iran and other high-incidence
areas of the world.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The role of human papillomavirus (HPV) in the etiology
of esophageal squamous cell carcinoma (ESCC) has been
debated in the past 20 years. Oncogenic types of HPV,
most notably HPV 16 and HPV 18, are recognized as the
most significant risk factors of cervical cancer[1]. A role of
HPV in the etiology of cancers of vulva, anus, penis, and
oropharyngeal cavity has also been established[2]. However,
the role of HPV in the causation of ESCC remains
controversial. Syrjanen first suggested a role of HPV in the
etiology of ESCC in 1982, based on the observation of
characteristic histological findings suggesting the presence
of HPV in benign esophageal epithelia and malignant
esophageal tumors[3]. Since then several studies have used a
variety of techniques, including detection of HPV DNA in
esophageal tumor tissues and serological methods, to
examine the association between exposure to HPV and risk
of ESCC[4]. The results of these studies are not consistent.
Case series using polymerase chain reaction have found
evidence of HPV in tumor tissues varying from 0 to 67%[4].
It has been suggested that the high variation in HPV
DNA results may partly be explained by geographic variation.
Most studies, that did not detect HPV DNA in esophageal
tumors, were conducted in low-risk areas of USA or
Europe. However most studies in high-risk areas for ESCC
(such as China, South Africa, and Japan) found that HPV
had significantly higher percentages in esophageal tumors[4].
Iran is a very high-risk area for esophageal cancer[5-8]. In
some parts of northeastern Iran, the incidence rate of ESCC
is reportedly over 100/100 000 person/year[5].
In order to investigate the prevalence of HPV infection
in ESCC in Iran, a country with high rates of ESCC, we
evaluated the tumor tissues from patients with ESCC and
normal esophageal tissues from age-matched controls for
the presence of HPV DNA.
MATERIALS AND METHODS
Formalin-fixed paraffin-embedded tissue samples were
collected from the patients undergoing surgery for ESCC
in two hospitals in Tehran (Shariati, Mehr) from 1996 to
2001. One control per case was selected from consecutive
patients referred to a private gastroenterology clinic in
Tehran for symptoms of dyspepsia. Only subjects who had
normal endoscopy (non-ulcer dyspepsia) and matched on
age (±5 years) with one of the case subjects were eligible to
be controls. In the controls, two biopsies were taken from
the middle third of the esophagus, about 30 cm from the
incisor teeth.
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The presence of the representative tumor in selected
paraffin blocks was confirmed by at least two pathologists
before the blocks were further processed for HPV DNA.
One block from each tumor and one block containing
both biopsies from each control patient were evaluated for
the presence of HPV L1 gene using MY09/MY11
consensus (general) primers. MY09/MY11 primers are
complementary to 450-bp-conserved sequences in the L1
gene of HPV, and are able to amplify the L1 gene from a
broad range of HPV types. In samples where the L1 gene
could be amplified, further examination was performed to
explore the presence of HPV16- and HPV18-specific E6/
E7 genes.
DNA extraction
Serial tissue sections (3-5 sections, each 10-20-m thick)
were cut from each paraffin block using disposable microtome
blades. After rehydration, DNA was extracted using a lysis
buffer containing 10 mmol/L Tris–HCl (pH 8), 100 mmol/L
NaCl, 1% sodium docecyl sulfate, 200 g/mL proteinase
K, and 0.01% EDTA at 56 ℃ for 4 h and then incubated
overnight at 37 ℃ in a lytic solution. After proteinase K
digestion of the tissue, proteinase K was inactivated by
incubation at 95 ℃ for 8-10 min. After vortex with phenol
and 150 L chloroform-isoamylalcohol and spun for 2 min
at high speed, the upper phase was transferred to a new
tube.
Sample suitability
Suitability of samples for PCR amplification was ascertained
by testing for the beta-globin gene. Successful amplification
of the beta-globin gene fragments indicated that the DNA
sample was adequate for PCR analysis and that no PCR
inhibitors were present.
Primers
To examine for the presence of any HPV DNA in the tissue,
MY09/MY11 primer pairs were used to amplify the L1
gene. To look for HPV types 16 and 18, the type-specific
primer pairs for the E6/E7 gene were used (Table 1).
Distilled water was used as a negative control. This control
was necessary to determine if any of the reagents was
contaminated with HPV DNA.

Amplification
Master mixtures contained PCR buffer, 10 mmol/L TrisHCl (pH 8.4), 50 mmol/L KCl, 2.5 mmol/L MgCl2, 0.01%
gelatin, 0.2 mmol/L of each dNTP (dATP, dCTP, dGTP
and dTTP), 0.5 mmol/L of each primer and 2.5 units of
Taq polymerase (Amp Taq). The PCR mixture was subjected
to 30 cycles of amplification (using Genius thermal cycler)
each consisting of an initial denaturing step at 94 ℃ for
1 min, annealing at 60 ℃ for 30 s and extension at 72 ℃
for 1 min.
The PCR products were then detected by 2% agarose
gel electrophoresis and visualized by ethidium bromide
staining. Results were saved by a documentation system
along with a transilluminator.
Statistical methods
We used the 2 test or the Fisher exact test, wherever
appropriate, to compare the proportions of cases and controls
that were positive for HPV L1 gene and HPV16 and HPV18
(type-specific E6/E7 genes).
The study protocol was approved by the Ethics Committee
of the Digestive Disease Research Center, Tehran University
of Medical Sciences, and informed consent was obtained
from all controls before endoscopy.

RESULTS
Tissue samples were available from 40 cases of ESCC operated
between 1996 and 2001. After DNA extraction, two samples
were found unsuitable for PCR and excluded. The other
38 samples (22 males and 16 females) were included in the
study as cases. Thirty-eight control subjects (16 males and
22 females), age-matched to cases, were selected from
patients who were endoscopied for dyspepsia and had normal
endoscopies. Mean ± SD age was 54.2±13 years in cases
(range 25-75 years), and 51.6±11.3 years in controls (range
22-78 years).
Fourteen (36.8%) out of the 38 ESCC samples but only
5 (13.2%) of the 38 control samples were positive for HPV
L1 gene (P = 0.02). Five (13.2%) of the ESCC samples but
none of the control samples were positive for HPV16 E6/E7
gene (P = 0.05). Three (7.9%) of the ESCC samples and
5 (13.2%) of the control samples were positive for HPV18
E6/E7 gene (P = 0.71). No sample was positive for both
HPV16 and HPV18.

Table 1 Primer sequences used for the amplification of HPV L1,
HPV16 E6/E7, and HPV18 E6/E7 genes
Target

Primer sequence

HPV L1 gene

5’ CGTCC{C/A}A{G/A}{G/A}GGA{T

(MY09)

/A}ACTGATC 3’

HPV L1

5’ GC{C/A}CAGGG {T/A} CAT AA

Approximate size (bp)
450
450

gene (MY11)

{T/C}AATGG 3’

HPV16 E6/E7

5’ GAACAGCAATACAACAAACCCG 3’

240

5’ CCATGCATGATTACAGCTGG 3’

240

5’ TGCCAGAAACCGTTGAATCC 3’

250

5’ CAATGTCTTGCAATGTTGCC 3’

250

gene (sense)
HPV16 E6/E7
gene (antisense)
HPV18 E6/E7
gene (sense)
HPV18 E6/E7
gene (antisense)

DISCUSSION
ESCC has become the sixth most common cause of cancer
death worldwide[9]. In western countries, where the risk of
ESCC is generally low, consumption of tobacco and alcohol
could explain more than 90% of the cases of ESCC[6,10] .
However, in countries with the highest rates of ESCC, such
as Iran and China, only a small proportion of ESCC cases
could be attributed to smoking or alcohol consumption[6,11].
So other risk factors must be responsible for the high incidence
of ESCC in these areas. Microbial agents, especially HPV,
may be one of the factors that explain part of this high
incidence of ESCC.
The etiologic role of oncogenic HPV types has been
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established in many epithelial cancers, most notably cervical
cancer[1,2]. Previous studies have shown that HPV16 and
HPV18 are the most important risk factors for cervical
cancer[1]. The mechanisms through which HPV can induce
epithelial neoplasia have been extensively studied[12-15]. Some
of the proteins produced by HPV, notably E6 and E7, are
oncoproteins that could immortalize various human cell
types, inactivate host proteins (such as p53 or pRb), and
induce mutations in the host cell DNA[14,16,17].
The role of HPV in ESCC has been studied in many
high-risk and low-risk areas of the world[4,18]. Most studies
from high-risk areas, such as China and South Africa, have
suggested a role of HPV in ESCC, while most studies from
low-risk areas have failed to find any association[4,19-21]. To
the best of our knowledge, this is the first study that reports
the association between DNA markers of HPV and the
risk of ESCC in Iran, a high-risk area for ESCC.
Our results imply that HPV is not a predominant risk
factor for ESCC in Iran because only 14 (36.8%) of 38
samples of ESCC were positive for the common indicator
of HPV (L1 gene). However, this was higher than the
percentage of positive samples in controls (13.2%) and the
difference was statistically significant (P = 0.02). Higher
prevalence of this HPV marker in ESCC cases than in
controls may be confounded by other factors. But in the
light of known mechanisms of carcinogenicity established
for HPV and previous studies associating HPV with epithelial
cancers, it is unlikely that the virus is a mere innocent
bystander, and HPV should be considered as a potential
factor contributing to high incidence of ESCC in Iran.
The prevalence of HPV16 was significantly higher in
ESCC cases than that in controls (P = 0.05), but there was
no statistically significant difference in the prevalence of
HPV18 between cases and controls. This implies that only
HPV16, but not HPV18, may be a risk factor for ESCC in
Iran. A similar Chinese study by Zhou et al found a similar
result. We found markers for HPV16 and HPV18 in only 8
out of 14 ESCC samples in which HPV L1 gene was present.
Therefore, it is possible that other HPV types, not tested in
this study, may also be associated with the risk of ESCC in
this area. Another line of evidence that argues against high
exposure of the Iranian population to HPV16 and HPV18,
and hence against these two types of HPV being major risk
factors for ESCC in Iran, is the low prevalence of cervical
cancer in Iran[7]. Low exposure to HPV16 and HPV18 in
Iran is possibly related to the lifestyle and sexual behaviors
in this religious society.
A potential shortcoming of this study, as well as other
retrospective studies, is their limited ability to find an
association between HPV and ESCC, if HPV has a “hitand-run” mechanism for inducing ESCC, as some studies
in a bovine model have suggested[22]. These studies have
found that bovine papillomavirus is essential in the early
stages of carcinogenesis of the bovine foregut, but is not
needed for progression to the malignant state. Therefore,
although we found evidence for the presence of HPV in
only 38% of our case samples, it is possible that such
evidence in other cases has disappeared. This hypothesis
can only be tested in prospective studies with tissue or serum
samples. So far, no prospective studies using tissue samples
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have examined this hypothesis, but two small prospective
serologic studies have found a strong association between
serologic HPV markers and the risk of ESCC[23,24].
In summary, our data are consistent with HPV DNA
studies conducted in other high-risk areas for ESCC which
showed evidence of HPV in tumor tissues from 20% to 50%
of ESCC cases. We think that HPV should be considered
as a potential factor contributing to the high incidence of
ESCC in Iran and other high-incidence areas of the world.
Further prospective studies are needed to test the hypothesis
of a “hit-and-run” phenomenon, the hypothetical mechanism
suggested for the disappearance of HPV from tumors after
initial DNA damage.
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Abstract
AIM: To investigate the protective mechanisms of Weikang
(WK) decoction on gastric mucosae.
METHODS: Ninety rats were randomly divided into nine
groups of 10 each, namely group, model group, group
with large WK dosage, group with medium WK dosage,
group with small WK dosage, group with herbs of jianpiyiqi
(strengthening the spleen and replenishing qi), group with
herbs of yangxuehuoxue (invigorating the circulation of
and nourishing the blood), group with herbs of qingrejiedu
(clearing away the heat-evils and toxic materials), group
with colloidal bismuth pectin (CBP) capsules. According
to the method adopted by Yang Xuesong, except normal
control group, chronic gastric ulcer was induced with 100%
acetic acid. On the sixth day after moldmaking, WK
decoction was administered, respectively at doses of 20,
10 and 5 g/kg to rats of the WK groups, or the groups
with herbs of jianpiyiqi, yangxuehuoxue and qingrejiedu,
10 mL/kg was separately administered to each group
every day. For the group with CBP capsules, medicine
was dissolved with water and doses 15 times of human
therapeutic dose were administered (10 mL/kg solution
containing 0.35% CBP). Rats of other groups were
fed with physiological saline (10 mL/kg every day).
Administration lasted for 16 d. Rats were killed on d 22
after mold making to observe changes of gastric mucosa.
The mucus thickness of gastric mucosa surface was
measured. Levels of epidermal growth factor (EGF) in
gastric juice, nitric oxide (NO) in gastric tissue, endothelin
(ET) in plasma, superoxide dismutase (SOD) in plasma,
malondialdehyde (MDA) in plasma and prostaglandin I2
(PGI2) were examined.
RESULTS: Compared with control group, ulceration was

found in gastric mucosa of model group rats. The mucus
thickness of gastric mucosa surface, the levels of EGF,
NO, 6-K-PGF1 and SOD decreased significantly in the
model group (EGF: 0.818±0.18 vs 2.168±0.375, NO:
0.213±0.049 vs 0.601±0.081, 6-K-PGF 1: 59.7±6.3 vs
96.6±8.30, SOD: 128.6±15.0 vs 196.6±35.3, P<0.01), the
levels of ET (179.96±37.40 vs 46.64±21.20, P<0.01) and
MDA (48.2±4.5 vs 15.7±4.8, P<0.01) increased. Compared
with model group, the thickness of regenerative mucosa
increased, glandular arrangement was in order, and cystic
dilative glands decreased, while the mucus thickness of
gastric mucosa surface increased (20 g/kg WK: 51.3±2.9
vs 23.2±8.4, 10 g/kg WK: 43.3±2.9 vs 23.2±8.4, 5 g/kg WK:
36.1±7.2 vs 23.2±8.4, jianpiyiqi: 35.4±5.6 vs 23.2±8.4,
yangxuehuoxue: 33.1±8.9 vs 23.2±8.4, qingrejiedu:
31.0±8.0 vs 23.2±8.4 and CBP: 38.2±3.5 vs 23.2±8.4,
P<0.05-0.01). The levels of EGF (20 g/kg WK: 1.364±0.12
vs 0.818±0.18, 10 g/kg WK: 1.359±0.24 vs 0.818±0.18,
5 g/kg WK: 1.245±0.31 vs 0.818±0.18, jianpiyiqi: 1.025±
0.45 vs 0.818±0.18, yangxuehuoxue: 1.03±0.29 vs
0.818±0.18, qingrejiedu: 1.02±0.47 vs 0.818±0.18 and CBP:
1.237±0.20 vs 0.818±0.18, P<0.05-0.01), NO (20 g/kg WK:
0.480±0.026 vs 0.213±0.049, 10 g/kg WK: 0.390±0.055
vs 0.213±0.049, 5 g/kg WK: 0.394±0.026 vs 0.213±0.049,
jianpiyiqi: 0.393±0.123 vs 0.213±0.049, yangxuehuoxue:
0.463±0.077 vs 0.213±0.049, qingrejiedu: 0.382±0.082
vs 0.213±0.049 and CBP: 0.395±0.053 vs 0.213±0.049,
P<0.05-0.01), 6-K-PGF 1  (20 g/kg WK: 86.8±7.6 vs
59.7±6.3, 10 g/kg WK: 77.9±7.0 vs 59.7±6.3, 5 g/kg WK:
70.0±5.4 vs 59.7±6.3, jianpiyiqi: 73.5±12.2 vs 59.7±6.3,
yangxuehuoxue: 65.1±5.3 vs 59.7±6.3, qingrejiedu:
76.9±14.6 vs 59.7±6.3, and CBP: 93.7±10.7 vs 59.7±6.3,
P<0.05-0.01) and SOD (20 g/kg WK: 186.4±19.9 vs
128.6±15.0, 10 g/kg WK: 168.2±21.7 vs 128.6±15.0, 5 g/kg
WK: 155.6±21.6 vs 128.6±15.0, jianpiyiqi: 168.0±85.3
vs 128.6±15.0, yangxuehuoxue: 165.0±34.0 vs 128.6±15.0,
qingrejiedu: 168.2±24.9 vs 128.6±15.0, and CBP: 156.3±18.1
vs 128.6±15.0, P<0.05-0.01) significantly increased. The
levels of ET (20 g/kg WK: 81.30±17.20 vs 179.96±37.40,
10 g/kg WK: 83.40±25.90 vs 179.96±37.40, 5 g/kg WK:
93.87±20.70 vs 179.96±37.40, jianpiyiqi: 130.67±43.66
vs 179.96±37.40, yangxuehuoxue: 115.88±34.09 vs
179.96±37.40, qingrejiedu: 108.22±36.97 vs 179.96±37.40,
and CBP: 91.96±19.0 vs 179.96±37.40, P<0.01) and
MDA (20 g/kg WK: 21.6±7.4 vs 48.2±4.5, 10 g/kg WK:
32.2±7.3 vs 48.2±4.5, 5 g/kg WK: 34.2±6.2 vs 48.2±4.5,
jianpiyiqi: 34.9±13.8 vs 48.2±4.5, yangxuehuoxue:
35.5±16.7 vs 48.2±4.5, qingrejiedu: 42.2±17.6 vs
48.2±4.5, and CBP: 30.1±6.1 vs 48.2±4.5, P<0.05-0.01)
obviously decreased. The 20 g/kg WK group was better
than 10 g/kg (the mucus thickness: 51.3±2.9 vs 43.3±2.9,
NO: 0.480±0.026 vs 0.390±0.055, SOD: 186.4±19.9 vs
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168.2±21.7, P<0.01) and 5 g/kg (the mucus thickness:
51.3±2.9 vs 36.1±7.2, NO: 0.480±0.026 vs 0.394±0.026,
SOD: 186.4±19.9 vs 155.6±21.6, P<0.01) groups and CBP
group (the mucus thickness: 51.3±2.9 vs 38.2±3.5, NO:
0.480±0.026 vs 0.395±0.053, SOD: 186.4±19.9 vs
156.3±18.1, P<0.01) in the mucus thickness, NO and SOD
levels and better than 10 g/kg (86.8±7.6 vs 77.9±7.0,
P<0.05) and 5 g/kg (86.8±7.6 vs 70.0±5.4, P<0.05)
groups in 6-K-PGF1 level, 10 g/kg WK group was better
than 5 g/kg WK (the mucus thickness: 43.3±2.9 vs 36.1±7.2,
P<0.01, SOD: 168.2±21.7 vs 155.6±21.6, P<0.05) and
CBP groups (the mucus thickness: 43.3±2.9 vs 38.2±3.5,
P<0.01, SOD: 168.2±21.7 vs 156.3±18.1, P<0.05) in the
mucus thickness and SOD level. In compound group,
jianpiyiqi group, yangxuehuoxue group, qingrejiedu group,
the level of ET was decreased, NO contents were increased
in gastric tissue of ulcers in rats.
CONCLUSION: WK decoction and separated recipes have
significantly protective effect on ethanol-induced gastric
mucosal injury. They can increase the content of EGF in
gastric juice, PGI2 SOD in plasma and NO in gastric tissues,
thicken the mucus on the gastric mucosa, and decrease
the impairing factor MDA, ET in plasma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
PU is a common disease with a high clinical incidence, which
features predicted curative ratio up to 95%, but high relapse
rate at about 65-80% one year after withdrawal and up to
nearly 100% within two years. Such being the case, treatment
of PU and prevention of its relapse still is a problem in the
medical field[1-5]. When the gastric mucosa is normal, the
gastric wall can prevent digestion in the stomach by the
mucus with hydrogen ion’s consistence being 3-4 million
times higher than that in the blood. Furthermore, most of
the ulcerations are caused by the weakening of the protective
ability of mucosa than by the increasing of the attacking
factors[6-8]. In recent years, many experts have proved, by
virtue of modern approaches, that herbs for strengthening
the spleen can remove the damage to gastric mucosa in
experiments, and can withstand ulcerations by way of
consolidating the barrier of gastric mucus, speeding up the
mucosal blood flow, quickening the reproduction of PGI2,
and holding back the damage by free radicals[9,10]. Protective
effects of traditional Chinese medicine on gastric and
intestinal mucosa offer a new method. WK decoction can
treat PU and prevent relapse of PU according to clinical
research[9-13]. The experiment was carried out to investigate
the possible mechanisms and find a new traditional Chinese
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medical recipe on mucosal protection.

MATERIALS AND METHODS
Materials
Ninety pure wistar rats of either sex (180-250 g), provided
by Tongji Medical University Experimental Animal Center,
were caged by layer, male and female separated. After 1 wk
of feeding, if no unfavorable reaction was inspected, the
experiment would begin. Entire herbs consisting of huangqi
and pugongying 30 g each, guizhi, zhiganchao and sanqi 6 g
each, baishao, yuanhu 15 g each, dahuang 12 g, jianpiyiqi
herbs consisting of huangqi 30 g, guizhi and zhiganchao 6 g
each, yangxuehuoxue herbs consisting of yuanhu and bansho
15 g each, sanqi 6 g, qingrejiedu herbs consisting of dahuang
12 g and pugongying 30 g. The above herbs were boiled
with 400 mL deionized water twice, 30 min each, then, the
filtrate was condensed to a concentration of 1 g/mL and
was put in a 500-mL glass bottle kept at low temperature.
The CBP capsules were produced by Shanxi Ante Biological
Pharmaceutical Co., Ltd., 92 Wei Yao Zhun Zi X-47-1.
Methods
Ninety rats were randomly divided into nine groups of
10 each, respectively marked with control group, model
group, group with large WK dosage, group with medium
WK dosage, group with small WK dosage, jianpiyiqi group,
yangxuehuoxue group, qingrejiedu group and group with
CBP capsules. According to the method adopted by Yang
Xuesong[14], except for the control group, food was withheld
for 24 h before modeling while water was allowed.
Anesthetized with ether, these rats had their furs cut. Then,
along the middle line under the xiphoid process, they were
cut open from the belly (the cut was about 2 cm long).
The stomach was exposed. Subsequently, filter paper with
a diameter of 5 mm immersed in 100% acetic acid was
pasted at the serosa at the intersection of antrum phlori
and the stomach body twice of 30 s each. After that, new
filter paper was used to absorb extra acetic acid on the
surface of the stomach. This part was covered with
omentum. The stomach was resumed to normal shape.
Finally, cuts were sutured by layers, and coated with a layer
of diluted ceiba acid for protection purpose. Administration
was made to lavage the stomach from the sixth day after
modeling. The doses of WK decoction were calculated by
extrapolating the human therapeutic dose. Medium dosage
was 15 times of human dose (10 mL/kg every d), large
dosage was twice as much (20 mL/kg every d) while small
dosage of one second (5 mL/kg every d), jianpiyiqi group,
yangxuehuoxue group, qingrejiedu group (10 mL/kg
every d) was administered to each group, for the group
with CBP capsules, medicine was dissolved with water
and doses 15 times of human therapeutic dose were
administered (10 mL/kg solution containing 0.35% pectin
bismuth), rats of other groups were fed with physiological saline
(10 mL/kg every d). Administration lasted 16 d. From the
17 d, these rats were fasted for 24 h, water allowed. Before
the experiment, the animals received 1 mL physiological
saline. Two hours later, they were anesthetized with 1%
sodium pentobarbital at a dose of 40-50 mg/kg on the
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abdomen. Then, the rats were killed by removing their heads.
Blood was sampled into two test tubes, one added with
30 L EDTA disodium and 40 L aprotinin to measure
the concentration of endothelin (ET), and the another with
30 L EDTA, disodium to measure the thickness of 6-KPGF1, MDA and serum superoxide dismutases (SOD).
After the stomachs were removed, gastric juice was collected
to measure epidermal growth factor (EGF). At the corpus
and fundus ventriculus and antrum phlori each, one-third
of stomach tissue was sampled, 200 mg in all, to measure
the concentration of nitric oxide (NO). And, the ulcerations
along the maximum diameter parallel to the longer axis of
the stomach were selected and soaked with 10% formalin
for 24 h. Pathological sections were taken to observe
ulcerations and measure the thickness of mucus on the
mucosa surfaces. All the kits for EGF, NO, 6-K-PGF1,
ET, MDA and SOD were provided by Nanjing Juli
Biological Co., Ltd. For more details about measurements,
please refer to their instruction manuals. Statistical
disposition: all data were expressed in mean±SD. Means
of specimens were compared by Q test and t test in the
analysis of variance.

RESULTS
Overview
When coming around after modeling, the rats began to eat
but lost their appetite dramatically. They were not as active
as before, their furs and skins were dry and urine volume
also decreased. About 5-7 d after modeling, they became
active gradually, with appetite getting better, their skins and
furs resumed lustrousness and the urine volume also rose.
During the experiments, four rats died, three from the
jianpiyiqi group, and one from the qingrejiedu group.
Pathological observations
Compared with the control group, rats in the model group
suffered from damaged gastric mucosa. Ulcerations were
deep into the muscular layer. Additionally, the holes were
covered only with little reproduced mucosa, and glands were
arranged disorderly, presenting a cystic dilatation. For the
rats in the groups respectively with large, medium and small
WK dosage, as well as the group with CBP capsules, the
mucosa reproduced at the holes of gastric mucosa was
thicker than the model group, and the damage area in the
muscular layer was smaller. Glands tended to arrange
orderly, with those of cystic dilation decreased.
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Table 1 Thickness of mucus on gastric mucosa surface and the
content of EGF in gastric juice (mean±SD)
Group

Specimens

Thickness of mucus (m)
64.1±9.3

b,d

EGF (ng/g)
2.168±0.375b

Control

10

Model

10

23.2±8.4

0.818±0.18

WK (20 g/kg)

10

51.3±2.9b,d

1.364±0.12a

WK (10 g/kg)
WK (5 g/kg)

10
9

43.3±2.9b,c
36.1±7.2b

1.359±0.24a
1.245±0.31a
1.025±0.45c

7

35.4±5.6b

Yangxuehuoxue

10

33.1±8.9b

1.03±0.29c

Qingrejiedu
CBP capsules

9
10

31.0±8.0
38.2±3.5b

1.02±0.47c
1.237±0.20a

Jianpiyiqi

a

P<0.05, bP<0.01 vs the model group, c P<0.05, dP<0.01 vs CBP capsules.

Effect on EGF
As shown in Table 1, in terms of the content of EGF in
gastric juice, the model group is much lower than the control
group (P<0.01), while the groups with large, medium and
small WK dosage and the group with CBP capsules, between
which there is no dramatic difference, are considerably
higher than the model group (P<0.05). In general, groups
with partial ingredients are lower than those with entire
ingredients (P<0.05) but higher than the model group. The
averages of all groups with partial ingredients are very close,
with little remarkable difference.
Effect on the content of NO in gastric tissue
As regards the content of NO in gastric tissue, the model
group is much lower than the control group (P<0.01), while
the groups with large, medium and small WK dosage and
the group with CBP capsules are considerably higher than
the model group (P<0.05-0.01). The group with large WK
dosage and the yangxuehuoxue group are greatly higher than
the jianpiyiqi group, qingrejiedu group, group with medium
and small WK dosage, the group with CBP capsules. See
Table 2.

Table 2 Content of NO in gastric tissue and the content of ET in
plasma (mean±SD)
Group

Specimens

NO (mol/g)
b,d

ET (pg/mL)
46.64±21.20bd

Control

10

0.601±0.081

Model

10

0.213±0.049

WK 20 g/kg

10

0.480±0.026 b,c

81.30±17.20b

WK 10 g/kg
WK 5 g/kg

10
9

0.390±0.055a
0.394±0.026a

83.40±25.90b
93.87±20.70b

179.96±37.40

7

0.393±0.123a

130.67±43.66b,c

Yangxuehuoxue

10

0.463±0.077b,c

115.88±34.09b,c

Qingrejiedu
CBP capsules

9
10

0.382±0.082a
0.395±0.053a

108.22±36.97b
91.96±19.0b

Jianpiyiqi

Effect on the thickness of mucus on gastric mucosa
If arranged by the thickness of mucus on the gastric mucosa
in ascending order, then the sequence is as follows: model
group (P<0.01), group with small WK dosage and group
with CBP capsules (P<0.01), group with medium WK dosage
(P<0.05), group with large WK dosage (P<0.01), and the
control group. There is little difference between the group
with small WK dosage and the group with CBP capsules.
Moreover, the mucus of the groups with partial ingredients
is thicker than the model group (P<0.05-0.01) but thinner
than the group with entire ingredients. The results are
summarized in Table 1.
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a

P<0.05, bP<0.01 vs the model group, c P<0.05, dP<0.01 vs CBP capsules.

Effect on the content of ET in plasma
As shown in Table 2, in regard to the content of ET in
plasma, the model group is much higher than the control
group (P<0.01), while the groups with herbs and the group
with CBP capsules are considerably lower than the model
group (P<0.01). For the groups with large, medium and
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small WK dosage and the group with CBP capsules, there is
no dramatic difference among them. The jianpiyiqi group,
yangxuehuoxue group, qingrejiedu group are substantially
higher than the groups with entire ingredients and with CBP
capsules (P<0.05).
Effect on SOD and MDA in plasma
Compared with the control group, the model group is much
lower in terms of SOD content (P<0.01), but higher in
terms of MDA content (P<0.01). As regards SOD content,
the groups with small WK dosage and with CBP capsules
are substantially higher than the model group (P<0.05), but
much lower than the group with medium WK dosage (P<0.05).
The group with large WK dosage is higher than the group
with medium WK dosage (P<0.05). In terms of MDA
content, the groups with large, medium and small WK dosage
and the group with CBP capsules, between which there is
no dramatic difference, are hugely lower than the model
group (P<0.05-P<0.01). See Table 3.

Table 3 Content of SOD and MDA in plasma of each group (mean±SD)
Group

Specimens

SOD (NU/mL)
196.6±35.3

b,d

f MDA (NM/mL)
15.7±4.8b,d

Control

10

Model

10

128.6±15.0

48.2±4.5

WK 20 g/kg

10

186.4±19.9b,d

21.6±7.4b,c

WK 10 g/kg
WK 5 g/kg

10
9

168.2±21.7a,c
155.6±21.6a

32.2±7.3a
34.2±6.2a

7

168.0±85.3a,c

34.9±13.8a

Yangxuehuoxue

10

165.0±34.0a,c

35.5±16.7a

Qingrejiedu
CBP capsules

9
10

168.2±24.9a,c
156.3±18.1a

42.2±17.6a,c
30.1±6.1a

Jianpiyiqi

a

P<0.05, bP<0.01 vs the model group, c P<0.05, dP<0.01 vs CBP capsules.

Effect on the content of 6-K-PGF1 in plasma
In terms of 6-K-PGF1 content, the model group is much
lower than the control group (P<0.01), but higher than the
groups with large, medium and small WK dosage and the
group with CBP capsules (P<0.05). Between the groups
with large, medium and small WK dosage and the group
with CBP capsules, there is no dramatic difference (P>0.05),
but the group with large WK dosage is greatly higher than
the groups with medium and small dosage (P<0.05). See
Table 4.

Table 4 Effect of WK on the content of 6-K-PGF 1 in plasma in rats
(mean±SD)
Group

Specimens

6-K-PGF1 (pg/mL)

Control
Model
WK 20 g/kg

10
10
10

96.6±8.3b
59.7±6.3
86.8±7.6b

WK 10 g/kg
WK 5 g/kg
Jianpiyiqi

10
9
7

77.9±7.0a
70.0±5.4a
73.5±12.2a

Yangxuehuoxue
Qingrejiedu
CBP capsules

10
9
10

65.1±5.3
76.9±14.6a
93.7±10.7b

a

P<0.05, bP<0.01 vs the model group.
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DISCUSSION
To the present day, major anti-PU medicines aim at fighting
against mucosa-attacking factor. Such medicines include H2
receptor antagonism, H+-K +ATP enzyme inhibitor, anticholin drugs, Helicobacter pylori (Hp) counteractant[15], etc.
When the gastric mucosa is normal, the gastric wall can
prevent digestion in the stomach by the mucus with
hydrogenion’s consistence 3-4 million times higher than that
in the blood. However, when in PU, secretion of gastric acid
generally stays low in the normal range, while in duodenal
ulcer, the secretion is only 1/3 more than the normal level.
Furthermore, not all PU are related with HP, which indicates
that most ulcerations are caused by the weakening protective
ability of mucosa and not by the increasing of the attacking
factor. In clinically traditional Chinese herbs have good effect
for PU[16-20]. The WK decoction derives from Jianzhong
Astragalus Root Soup, with some herbs added or removed.
This recipe mainly functions for strengthening the spleen
and replenishing qi, complemented with other effects, such
as invigorating the circulation of and nourishing the blood,
and clearing away the heat-evils and expelling superficial
evils. In recent years, by virtue of modern approaches, many
experts have proved, strengthening the spleen can remove
the damage to gastric mucosa in experiments, and can
withstand ulcerations by way of consolidating the barrier
of gastric mucus, speeding up the mucosal blood flow,
quickening the reproduction of PGI2, and holding back the
damage by free radicals. For mucus, perfect structure is the
foundation of its protecting function[21]. It is revealed by
our experiments that, regardless of doses, WK in solid state
can shrink ulcerations, build up the mucosa barrier, straighten
up the arrangement of glands and better the structure.
Additionally, dependent on its dosage, WK decoction also
can thicken the mucus on the surface of gastric mucosa,
which indicates that it can facilitate mucosa to secrete mucus.
EGF of the human body can stimulate the mitosis of cells,
improve the proliferation and differentiation of epithelium,
and speed up the production of DNA and proteins in the
gastric mucosa, all of which are of great importance to
regenerate and repair the tissue[22-26]. Our experiments show
that after modeling the content of EGF of the model group
dropped greatly, but that of the groups with large, medium
and small WK dosage and with CBP capsules climbed up.
Comparatively, large doses of WK exerted more influence
on the content of EGF than CBP capsules, which indicates
that WK decoction has the function of protecting gastric
mucus by enhancing the EGF content and its effect is
dependent on dosage. NO protects the stomach by speeding
up the circulation of blood in the gastric mucosa. Also, it
plays an important role in defending the gastric mucosa as
an antioxidant[26,27]. Our experiments reveal that the content
of NO in the model group is much lower than that in the control
group (P<0.01), indicating a decreased content of NO
protective factor in the event of gastric ulceration. The
content of NO in the groups with large, medium and small
WK dosage and with CBP capsules are dramatically higher
than that in the model group. Comparatively, large doses
of WK exerted more influence on the content of NO than
CBP capsules, which indicates that WK decoction can protect
the gastric mucosa by enhancing NO content after treatment
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but its effect is dependent on dosage. ET may antagonize
the effect of NO, leading to an imbalanced NO/ET. As it
may slow down the mucosal blood flow, gastric mucosa
may be impaired [28-30]. Our experiments show that the
content of ET in the model group is much higher than that
in the control group, indicating increase of ET in the event
of gastric ulceration. The content of NO in the groups
with large, medium and small WK dosage and with CBP
capsules are dramatically lower than that in the model group,
which means that WK decoction can lower the content of
ET in plasma by slowing down the production and secretion
of ET. In general, to lower ET content and enhance the
content of NO can keep NO/ET in balance, maintain
normal mucosal blood flow and thus protect the gastric
mucosa.
When stimulated by chemicals or in shortage of blood,
the gastric and intestinal mucosa will produce tremendous
free radicals, which impair mucosa. Through experimental
results, we can see that the model group is much higher
than the control group (P<0.01) in terms of MDA content
but much lower than the latter in terms of SOD content
(P<0.01). These data indicate that oxygen-derived free
radicals will take part in ulceration and meanwhile oxygenderived free radical scavengers that have protective function
decrease. The groups with large, medium and small WK
dosage and with CBP capsules are considerably lower than
the model group in terms of MDA content but higher than
the latter in terms of SOD content. Furthermore, the groups
with medium and small WK dosage are higher than the
group with CBP capsules in terms of SOD content (P<0.05),
which shows that WK has better effect in increasing SOD
contents, removing oxygen-derived free radicals and
protecting the gastric mucosa. Its effect is dependent on
dosage.
PGI2 can restrain the secretion of gastric acid, enhance
the mucosal blood flow and protect the cells and TXB2.
However, it has a short half-life period. Within two minutes,
it can hydrolyze into stable 6-K-PGF1. Our experiments
show that the content of 6-K-PGF1 in the model group
is much lower than that in the control group (P<0.01),
indicating that in case of ulceration protective factor 6-KPGF1 will decrease. But, the groups with large, medium
and small WK dosage and with CBP capsules are
considerably higher than the model group (P<0.01), which
indicates that WK can protect the gastric mucosa and further
repair ulcerations by increasing 6-K-PGF1.
The WK decoction derives from huangqijianzhong
decoction[31], with some herbs added or removed. However,
huangqijianzhong decoction is mainly used for restoring qi
by virtue of warm herbs. In consideration of the pathogenesis
of ulcer diseases, such as deficiency of vital energy, blood
stasis and tremendous heat toxins[32], we add some herbs
for activating blood circulation to dissipate blood stasis[33],
such as xuanhu (rhizomacorydalis) and sanqi (pseudoginseng),
some herbs dahuang (rhubarbs) and pugongying (dandelion)[34]
for clearing away the heat-evils and toxic materials. This
recipe mainly functions for strengthening the spleen and
replenishing qi, complemented with other effects, such as
invigorating the circulation of and nourishing the blood,
and clearing away the heat-evils. These experiments show
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that all the groups with partial ingredients have favorable
effect of curing gastric ulcer for rats. These ingredients
can increase contents of PGI2, EGF, SOD and NO, thicken
the mucus on the gastric mucosa, and decrease the impairing
factor MDA and ET. Through comparison, we find out
that partial ingredients do not have as good effect as the
entirety. In some cases, they show some dramatic statistical
difference, while in other cases although there is no such
difference, the group with entire ingredients has better
figures. Therefore, the entire ingredients have better
comprehensive effect in curing ulcerations. All medical herbs
have their own substantial foundation supporting their
activity and effect in treatment. Since the medicine has so
many ingredients that may produce many complicated
chemical reactions, its treatment effect is not equal to the
aggregate effects of each ingredient. As for its effective
substantial foundation, it is to be explored in further
researches.
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patients with colorectal cancer, even though MCs exhibited
no significant phenotypic changes. TAM count is of value
to predict the clinical outcome or prognosis. It is more
beneficial for estimating biological character of colorectal
carcinoma to combine MC and TAM counts.

Abstract

INTRODUCTION
Numerous cells of immunosurveillance are known to
microscopically infiltrate in cancers. These infiltrating
immunosurveillance cells, including mast cell (MCs) and
tumor associated macrophages (TAMs), have been found
to reflect a tumor-related immune response[1-4].
In the fight against cancer, MCs have been shown to
play several roles. While some studies report on the antitumor
functions of MCs including natural cytotoxicity[1] and the
release of antitumor compounds [2], in addition to the
enhancement of the cytotoxic activation of mainly peritumoral
eosinophils and macrophages[5-8], others suggest a direct
relationship between MCs and tumor angiogenesis[9,10]. Many
theories have been advanced as to the reasons for the antitumor
functions of MCs, in particular as to whether phenotypic
changes occur in the presence of cancer cells[11-13]. It is well
known that human MCs are conventionally divided into
two types depending on the expression of different proteases
in their granules: MCs positive only for tryptase (MCT) and
MCs positive for both tryptase and chymase (MC TC).
Phenotypic changes have been reported in pathological
conditions including helminth infections, sarcoidosis and
allergic alveolitis[14,15]. Unlike the definitive studies already
mentioned, however, few researches have demonstrated a
clear correlation between MCs and tumor toxicity in
colorectal cancer, and, as yet, the MC phenotype in lung
cancer has not been characterized.
Although TAMs have the potential to mediate tumor
cytotoxicity and to stimulate antitumor lymphocytes[3], it is
still unclear whether TAMs can predict tumor prognosis.
The purpose of this study was to determine: (1) whether
a direct correlation exists between the number of these

AIM: To determine whether the mast cell (MCs) and
tumor-associated macrophage (TAMs) counts have any
correlation with clinical outcome in colorectal cancer, and
to investigate whether MCs undergo phenotypic changes
in colorectal cancer.
METHODS: The MC and TAM counts were determined
immunohistochemically in 60 patients with colorectal
cancer and the depth of invasion, lymph node metastasis
rate, distant metastasis rates, and survival rates were
compared between patients with low (less than the mean
number of positive cells) and high (more than the mean
number of positive cells) cell counts.
RESULTS: Both patients with a low MC count and patients
with a low TAM count had significantly deeper depth of
invasion than those with a high MC count and those with
a high TAM count (P<0.01 and P <0.01 respectively).
Patients with a high MC count and patients with a high
TAM count were significantly higher showing significantly
lower rates of lymph node metastasis, distant metastasis
than those with a low MC count and those with a low
TAM count. There were significant positive correlation
between MC counts and TAM counts (r = 0.852, P<0.01).
In both cancerous tissue and normal colorectal tissue,
the predominant MC phenotype was MCTC. The 5-year
survival rate estimated was significantly lower in both
patients with a low MC count and patients with a low
TAM count than in those with a high MC count and those
with a high TAM count (P<0.05 and P<0.01 respectively).
CONCLUSION: There appears to be a direct relationship
between the number of MCs and clinical outcome in
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inflammatory cells (MCs and TAMs) and the clinical
outcome of patients with colorectal cancer, and (2) whether
these MCs undergo phenotypic changes in colorectal cancer.

MATERIALS AND METHODS
Materials
A total of 60 carcinomas of the colon and rectum (35 men
and 25 women, mean age: 67.9 years, range 48-80 years)
were selected from our department and affiliated hospitals
between 1995 and 2002. We also obtained 20 “normal”
colon and rectum specimens (mean age = 59 years, age
range 41-86 years, male:female = 12:8) from the biopsy
and autopsy files of our department. Depth of invasion
was graded according to the standard TNM classification.
All specimens were immediately fixed in neutral-buffered
formalin and embedded in paraffin wax. Several 4-m serial
sections were obtained from each case. They were subjected
to immunohistochemical analysis.
Methods
Mast cell immunohistochemical staining and estimation
of mast cell phenotype[19] To distinguish MCT and MCTC,
two serial sections were stained for both chymase and
tryptase, both of which were known to be contained in the
granules of MC cytoplasm, using the EnVision method and
the streptavidin-peroxidase conjugated method (S-P)
methods[14].
After deparaffinization and rehydration, for antigen
retrieval the sections were microwaved at 750 W for 10 min.
the specimens were incubated with 3% H202, for 10 min to
quench endogenous peroxidase activity, and incubated with
1.5% non-immune goat serum for 20 min to suppress
nonspecific binding of subsequent reagents. Then they were
incubated with two primary antibodies, namely primary
antibody CC1 (monoclonal mouse anti-human MC chymase,
Novocastra, dilution = 1:500), and primary antibody AA1
(monoclonal mouse anti-human MC tryptase, Novocastra,
dilution = 1:1 000) for 60 min at 25 ℃. After washing with
PBS, the slides were subsequently incubated respectively
with Polymer Helper (PV9000 kits, Zhongshan Bio Corp.,
Beijing, China) for 20 min and biotin-conjugated goat
anti-mouse IgG antibody for 15 min. Then, after washing
again with PBS, the sections were incubated respectively
with poly peroxidase-goat-anti-mouse IgG antibody for
30 min and streptavidin-peroxidase complex (SP kits,

A

B
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Zhongshan Bio Corp., Beijing, China) for 15 min.
Diaminobenzidine was used as chromogen to yield brown
reaction products. Nuclei were counterstained with Harris
hematoxylin.
Using light microscopy, the mean number of chymasepositive MCs/total MCs per 5 fields with the most abundant
infiltration at a magnification of 400× was counted, and the
ratio was calculated. Chymase-positive MCs were considered
to be MCTC, all others, MCT.
TAMs immunohistochemical staining
After deparaffinization, for antigen retrieval, the sections
were microwaved at 750 W for 10 min and the sections
were incubated in 3% hydrogen peroxide for 10 min in
order to devitalize endogenous peroxidase. Deparaffinized
and rehydrated specimens were heated in 10 mmol/L citrate
buffer, pH 6.0, for 10 min in an autoclave at 120 ℃. After
cooling to room temperature for 30 min, the specimens
were incubated with normal goat serum for 15 min at
37 ℃. Then they were incubated with monoclonal antibody
against CD68 (Zhongshan Bio Corp.) for 60 min at 37 ℃,
followed by the S-P technique using an S-P kit (Zhongshan
Bio Corp., Beijing, China) and diaminobenzidine as the
chromogen. Nuclei were counterstained with Harris
hematoxylin.
The mean number of TAMs per 5 fields with the most
abundant infiltration at a magnification of 400× was counted.
Statistical analysis
Correlation between the degree of infiltration by each cell
type and the various clinicopathologic factors was analyzed
using the Student’s t-test, Mann-Whitney U test, 2 test,
and Pearson correlation was performed for correlation
analysis between MCs and TAMs. Survival curves were
constructed using the Kaplan-Meier method and differences
were tested using log-rank statistics. The level of critical
significance was assigned at P<0.05.

RESULTS
Immunohistochemical staining of MCs (tryptase, chymase) and
TAM (CD68)
Immunohistochemical staining indicated that tryptase,
chymase and CD68 were localized in the cytoplasm. Infiltrating
MCs and TAMs were distributed primarily in the invasive
area of the cancers (Figure 1). At ×400 magnification, the

C

Figure 1 Immunohistochemical staining of MCs phenotype and TAMs A: Immunostaining for MC tryptase, ×200; B: Immunostaining for MC
chymase, ×200; C: Immunostaining for macrophages (CD68), ×400.
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mean number of total MCs was 59.2, and of TAM 81.2.
Of the 60 patients, 27 had 59 or more MCs and were
ascribed to the high level of MCs infiltration group, while
the remaining 33 patients had 58 or less MCs and were put
into the low level of MCs infiltration group. Twenty-nine
patients had 81 or more TAMs and were denoted by the
high level of TAM infiltration group, while the remaining
31 patients had 80 or less TAMs and were denoted by the
low level of TAM infiltration group.
Correlation between the expression of each antigen and
various clinicopathologic factors
Table 1 shows the correlation between the expression of
each antigen and the various clinicopathologic factors.
Patients with a low level of MC infiltration had significantly
deeper depth of invasion than those with a high level of
MC infiltration (P<0.01). The percentage of patients with
a high level of MC infiltration was significantly higher in
lymph node metastasis-negative cases (59.3%) than those
with a low MC count in lymph node metastasis-negative
cases (27.3%, P<0.05), and higher in distant metastasisnegative cases (74.1%) than in distant metastasis-negative
cases (48.5%, P<0.05).

Table 1 Correlations between MC and macrophages infiltration
and the various clinicopathologic factors
MCs

Age (yr)5
Sex7
Male
Female
Histological grade of carcinoma6
Well
Moderate
Poor
Depth of invasion7
Superficial Ta-T1
Invasive T2-T4
Lymph node metastasis7
Positive
Negative
Distant metastasis7
Positive
Negative

TAMs
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predominated over MCT in each group. The percentage of
MCT and MCTC in colorectal cancer group and normal group
is shown in Table 2. The percentage of MC T was 22.6%,
and that of MCTC was 77.4% in colorectal cancer. Although
the quantities of MC T and MC TC were significantly higher
in the tissue of colorectal carcinoma than in normal
colorectal tissue, there were no significant differences in
this percentage between normal groups and colorectal
cancer groups (Table 2).

Table 2 Proportion of MCT and MCTC in colorectal cancer and normal

Normal group

MC TC (mean±SD)

MCT (mean±SD)

Total

10.1±3.2 (74.3%)

3.5±0.9 (25.7%)

13.6±2.1 (100%)

45.8±10.6 (77.4%) 13.4±4.9 (22.6%)

59.2±9.3 (100%)

(n = 20)
Colorectal cancer
group (n=60)
MC T, mast cell positive for tryptase. MCTC, mast cell positive for tryptase and
chymase. The percentage of MCr and MCrc was not significant in both groups
(P>0.05, 2 test).

The percentage of MCT and MCTC in colorectal cancer
with various histological grades was all approximately 25%
and 75% respectively. There were no differences in the
percentage of MCT and MCTC among well, moderately and
poorly differentiated tumors (Table 3).

High1

Low2

High3

Low4

61.2

57.2

58.3

59.7

Table 3 Proportion of MCT and MCTC in colorectal cancer with various
histological grades

13
14

22
11

16
13

19
12

Histological grade
of carcinoma

12
11
4

9
14
10

14
12
3

10
12
9

19b
8b

10
23

19 d
10 d

9
22

11a
16a

24
9

12c
17c

22
9

7a
20a

17
16

8c
21c

18
13

1
Patients with a high level of MCs infiltration. 2Patients with a low level of
MCs infiltration. 3Patients with a high level of TAMs infiltration. 4Patients
with a low level of TAMs infiltration. 5 Student’s t-test. 6 Mann-Whitney test.
7 2
 test. aP<0.05, bP<0.01, cP<0.05, dP<0.01.

MC TC (mean±SD)

MC T (mean±SD)

Total

Well (n = 21)

50.8±12.5 (80.5%)

12.3±5.1 (19.5%)

Moderate (n = 25)

42.2±9.1 (73.0%)

15.6±3.3 (27.0%) 57.8±8.2 (100%)

Poor (n = 14)

44.7±8.5 (80.0%)

11.2±4.7 (20.0%)

63.1±10.1 (100%)
55.9±5.3 (100%)

MC T, mast cell positive for tryptase. MCTC, mast cell positive for tryptase and
chymase. The percentage of MCr and MCrc was not significant in every group
(P>0.05. 2 test).

Correlation between MCs and TAMs
There was significant positive correlation between MC and
TAM counts (Figure 2. r = 0.852, P<0.0001).

160

Estimation of MC phenotype
With regard to mast cell subpopulations, MCTC always

140
TAM counts

Patients with a low TAM count had significantly deeper
depth of invasion than those with a high TAM count
(P<0.01). The percentage of patients with a low TAM count
was significantly higher in lymph node metastasis-positive
cases (71.0%) than those with a high TAM count in lymph
node metastasis-positive cases (41.4%, P<0.05), and in lymph
node metastasis-positive cases (58.1%) than in lymph node
metastasis-positive cases (27.6%, P<0.05).

120
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0
0
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Figure 2 Correlation between MCs and TAMs.
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MC Low group

0.4
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0.4
0.2 Log-rank test P<0.01

Log-rank test P<0.05

0.2

Survival (%)

Survival (%)

Survival (%)

MC Low and TAM Low group

0.8
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0.0
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After operation (mo)
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0.4
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Log-rank test P<0.01

0.0
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0
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Figure 3 Survival analysis. A: Survival comparison between patients with a high level of MC infiltration and those with a low level of MC
infiltration (Kaplan-Meier method); B: Survival comparison between patients with a high level of TAM infiltration and those with a low level
of TAM infiltration (Kaplan-Meier method); C: Survival comparison between patients with a high level of both MC and TAM infiltration and
those with a low level of both MC and TAM infiltration (Kaplan-Meier method).

Survival analysis
Survival at 5 years was 59.3% in patients with a high MC
count compared to 33.3% in those patients with a low MC
count. Overall survival was significantly shorter for patients
with a low MC count than those with a high MC count
(Figure 3A, log-rank test, P<0.01).
Survival at 5 years was 65.5% in patients with a high
TAM count and 25.8% in patients with a low TAM count.
There is a significant difference observed between the two
groups (Figure 3B, log-rank test, P<0.01).
Twenty-one patients had a high level of both MC and
TAM infiltrations. This group’s survival rate at 5 years
(76.2%) was higher than the patients with a low level of
both MC and TAM infiltrations (25.0%, Figure 3C).

DISCUSSION
In this study, we evaluated the relationship between MCs
and the clinical outcome in 60 randomly selected patients
with colorectal cancer, and found a significant correlation
between MC count and patient prognosis. Similar observations
have been reported in lung cancer[16] as well as breast cancer[17].
These results suggest that MCs may exert a cytotoxic effect
on cancer cells.
The effector components in the MC granules that suppress
tumor cell activity have not been clearly identified. MCs
contain the serine proteases, tryptase and chymase[18]. One
study indicates that MC proteases may kill tumor cells directly
by destroying surface structures on tumor cells and indirectly
by altering the medium in a fashion analogous to the effect
of arginase[19] .
In addition to these effector components, experimental
studies have shown that MC chymase induces the accumulation
of macrophages, neutrophils and other inflammatory cells
in vivo[8]. Furthermore, MC enhances the cytotoxic activation
of mainly peritumoral macrophages and eosinophils[5-8] and
may indirectly exert a cytotoxic effect on cancer cells. These
suggestions that MCs may inhibit the malignant progression
of carcinomas are supported in our study by the higher
number of MCs in High Group, which had a better
prognosis than Low Group, which had fewer MCs.
Other studies, however, have reported on the relationship

between MCs and tumor angiogenesis[9,10,20]. Secreting MCs
are able to induce and enhance angiogenesis via multiple, in
part, interacting pathways[20]. As has been demonstrated, MC
secreting products such as basic fibroblast growth factor[21]
and histamine[22] may act directly on endothelial cells by
stimulating their migration and proliferation. VEGF, a welldemonstrated mediator secreted by MCs, may contribute
to angiogenesis[23]. Recently, MC tryptase was found to be a
novel and potent angiogenic factor[24]. On account of this
information, MCs may be seen to play a role in promoting
tumor growth. However, our results, in addition to other
studies, indicate that MCs are cytotoxic to cancer cells.
Because of these conflicting reports, further studies are
required to ascertain whether MCs enhance host immunity
against cancer cells or accelerate tumor growth.
Several studies have focused on MC phenotypes in
order to identify the effector components of MCs and
their particular roles. Because phenotypic changes have been
reported in pathological conditions including helminth
infections, sarcoidosis and allergic alveolitis[14,15], we were
interested in determining whether MCs might undergo
phenotypic changes in colorectal cancer. The present study
revealed: while there was significant difference in the
quantities of MCT and MCTC between colorectal cancer
and normal colorectal tissue, no difference was found in
the proportion of MCT and MCTC between colorectal cancer
and normal colorectal tissues. This finding suggests that
both MCT and MCTC may equally proliferate or infiltrate
in colorectal cancer.
It is well known that TAMs have numerous functions
and, when activated, TAMs inhibit cancer growth and
destroy cancer cells[25]. To date, a significant difference in
the degree of TAM infiltration has been reported with regard
to human bladder cancer[26]. However, whether correlation
exists between the degree of TAM infiltration and cancer
progression and prognosis remains unclear. Our results
demonstrate that TAMs may exert a suppressive function
against cancer progression and occurrence of regional lymph
node metastasis and distant metastasis. Furthermore, a high
level of TAM infiltration had some impact on prognosis.
Therefore, TAM infiltration may manifest sufficient
systemic anti-tumoral effect.
In the present study, there was significant positive correlation
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between MC counts and TAM counts, and 16 patients with a
high level of both MC and TAM infiltration (76.2%) survived
for 5 years after surgery. MC secreting product-chymase
induces the accumulation of macrophages, neutrophils
and other inflammatory cells in vivo[8]. Furthermore, MC
also enhances the cytotoxic activation of TAMs and
eosinophils[5-8]. Our findings support those results by showing
that the cooperative interaction of TAMs and MCs is
important for anti-tumoral immunoreaction.
In conclusion, MC and TAM count were found to have
a direct relationship with clinical outcome in patients with
colorectal cancer. From these results, we presume that MCs
and TAMs may play an important role in the enhancement
of host immunity against cancer cells and that an increase
in MCs and TAMs may improve the postoperative prognosis
of patients with colorectal cancer. It is beneficial for
estimating biological character of colorectal carcinoma to
combine MC and TAM counts. Further studies are required
with respect to MC phenotyping to confirm whether or not
changes do indeed occur in the presence of colorectal
cancer.
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RESULTS: The mean survival periods of the patients in
four groups were 3.6, 7.3, 10.1, and 15.1 mo respectively.
There were significant differences in the survival rates
among the groups. The survival rates at 0.5-, 1-, 2-, and
3- year in surgical resection with pos toperative
chemotherapy group were 55.8%, 39.3%, 30.4%, and
15.6% respectively, which were significantly higher than
those of other groups (P<0.001). Multivariate analysis
revealed that the strategy of treatment (P<0.001) and
the number of chemotherapy cycles (P = 0.012) were
independent survival predictors for patients with HCC
and PVTT.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common
cancer worldwide, with the highest incidence in Asia and
Africa[1]. HCC tends to invade the intrahepatic vasculature,
especially the portal vein. Portal vein tumor thrombosis
(PVTT) can be detected in 30.0% to 62.2% of patients
with HCC[2-4]. Macroscopic tumor thrombus in portal vein
appears to be the terminal stage of HCC, and is associated
with the threat of bleeding of the esophageal varices, or
liver failure[5,6]. The natural history of untreated HCC with
PVTT is very poor. The median survival of such patients
was reported to be 2.7 mo, whereas survival in those without
PVTT was 24.4 mo[7,8]. Furthermore, it has been proved
that portal vein invasion is correlated with intrahepatic
metastasis and recurrence after treatment. The presence
of tumor thrombus is correlated with poor prognosis[9-11].
The management of HCC with portal vein tumor thrombosis
is complicated and controversial. PVTT was considered a
relative or absolute contraindication to surgical resection.
Only conservative and palliative treatments were available.
With the improvement of surgical techniques and
chemotherapy, many strategies have been used to treat HCC
with PVTT. Some therapies have been reported to achieve
promising results[3,12-16]. However, little has been done to
assess the efficacy of different therapeutic strategies. In
this study, we compared the clinical outcomes of different
treatment strategies and investigate prognostic factors of
patients with HCC and PVTT at our institution.

CONCLUSION: Surgical resection of HCC and PVTT
com bined with po s to perativ e chem otherapy o r
chemoembolization is the most effective therapeutic
strategy for the patients who can tolerate operation.
Multiple chemotherapeutic courses should be given
postoperatively to the patients with good hepatic function
reserve.

MATERIALS AND METHODS
Patients
The eligibility criteria were: (1) HCC with tumor thrombus
in the first branch and/or main trunk of the portal vein
confirmed by preoperative investigations or intraoperative
exploration; (2) solitary or multiple tumors mainly located

AIM: To evaluate the efficacy of different treatment
strategies for hepatocellular carcinoma (HCC) with portal
vein tumor thrombosis (PVTT) and investigate factors
influencing prognosis.
METHODS: One hundred and seventy-nine HCC patients
with macroscopic PVTT were enrolled in this study. They
were divided into four groups and underwent different
treatments: conservative treatment group (n = 18),
chemotherapy group (n = 53), surgical resection group
(n = 24) and surgical resection with postoperative
chemotherapy group (n = 84). Survival rates of the
patients were analyzed by the Kaplan-Meier method. A
log-rank analysis was performed to identify group
differences. Cox’s proportional hazards model was used
to analyze variables associated with survival.
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in one lobe of the liver, and the PVTT can be removed
together with the tumors in preoperative assessment; (3) no
distant metastasis; (4) good or moderate hepatic function
(Child-Pugh A or B); and (5) no contraindication to
laparotomy.
From January 1997 to December 2002, 198 HCC
patients with PVTT who met the eligibility criteria were
treated at the Liver Cancer Institute, Digestive and
Interventional Department of Zhongshan Hospital, Fudan
University, China. Nineteen patients who were lost to followup were excluded. The remaining 179 were enrolled in the
current study. There were 160 men and 19 women with a
mean age of 47.46±10.8 years (range, 26-75 years). Serum
hepatitis B surface antigen (HBsAg) was positive in 146
patients (81.6%), and hepatitis C antibody was positive in 5
patients. The -fetoprotein (AFP) level was elevated in 149
cases (83.2%). Most of the patients had underlying cirrhosis
(87.6%). According to the Child-Pugh classification, 135
patients (75.4%) were Child-Pugh A, 44 patients (24.6%)
were Child-Pugh B. The tumor size was 10.5±3.2 cm (range,
3.0-22.0 cm) in diameter. Tumor thrombi involved in the
first branch or extended to main trunk of portal vein.
Written informed consent was obtained from all of the
patients. Patients were followed until January 2004, or until
the time of death.
Study design
One hundred and seventy-nine patients were divided into
four groups and received different strategies of treatment:
(1) conservative treatment group: traditional Chinese
medicine or combined with immunotherapy was prescribed
in 18 patients; (2) chemotherapy group: TACE or
intraoperative hepatic artery ligation (HAL) combined with
hepatic artery infusion (HAI) or portal vein infusion (PVI)
were performed in 53 patients. Postoperative chemotherapy
was performed through the hepatic artery or portal vein,
and periodical chemoembolization through hepatic artery;
(3) surgical resection group: tumors and PVTT were resected
en bloc or thrombi were extracted from the portal vein
after removal of the tumors in 24 patients; and (4) surgical
resection combined with adjunctive chemotherapy
group: hepatic arterial infusion chemotherapy (HAIC)
and/or portal vein infusion chemotherapy (PVIC),
transcatheter hepatic arterial chemoembolization (TACE),
or selective percutaneous portal vein chemotherapy (SPVC)
were performed in 84 patients after hepatectomy and
thrombectomy.
Surgical procedure
Left lateral segmentectomy was performed in 7 patients,
left hemi-hepatectomy in 20, left trilobectomy in 3, right
partial hepatectomy in 43, right hemi-hepatectomy in 13,
right trilobectomy in 2, partial median lobectomy in 5,
combined left and right partial hepatectomy in 6, combined
hepatic segmentectomy in 7, and complete caudate lobe
resection and extended left lateral segmentectomy in 2
patients. PVTT was taken out in all cases underwent
resection. Extrahepatic bile duct tumor thrombus was
removed simultaneously in 6 patients, hepatic vein tumor
thrombus in 5, the inferior vena cava tumor thrombus in 3,
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and superior mesenteric vein tumor thrombus in 1. The
technique for tumor thrombus removal was as described
previously[17].
Chemotherapy regimen
Each course of chemotherapy consisted of 1 000-1 500 mg
5-fluorouracil (5-FU), 80-100 mg cisplatin (CDDP), 8-20 mg
mitomycin (MMC) or 40-60 mg epiadriamycin and 5-20 mL
lipiodol. For TACE or SPVC, the drugs were administered
in bolus injection. For HAIC and/or PVIC, they were
administered via a subcutaneously implanted injection
port either by intermittent injection or by a continuous
infusion pump. Lipiodol was administered through
hepatic artery. This procedure was repeated at one-month
intervals according to patients’ liver function and response
to treatment. The number of chemotherapy cycles varied
from 1 to 7.
Statistical analysis
Differences in clinicopathologic variables among the
four groups were compared by the 2 test. Survival of the
patients was analyzed by the Kaplan-Meier method, and
comparison of the group differences was made by the logrank test. Cox’s proportional hazards model was used to
analyze the variables associated with survival. Statistical
analysis was carried out with SPSS software. P<0.05 was
considered significant.

RESULTS
The clinical characteristics of 179 HCC patients with PVTT
are summarized in Table 1. The clinicopathologic variables
of the four groups were not statistically significant in terms
of gender, age, Child-Pugh classification, tumor location,
tumor size, tumor number, or location of tumor thrombus
(P>0.05).
Survival periods
The survival of the four groups is presented in Table 2.
The mean survival times of patients in conservative
treatment group, chemotherapy group, surgical resection
group, and surgical resection combined with adjunctive
chemotherapy group were 3.6, 7.3, 10.1, and 15.1 mo
respectively. The overall 0.5-, 1-, 2- and 3- year survival
rates of the patients in the surgical resection combined with
adjunctive chemotherapy group were 55.8%, 39.3%, 30.4%,
and 15.6% respectively, which were the highest among the
four groups (P<0.001). Survival periods of surgical resection
group were significantly longer than those of conservative
treatment group (P = 0.001). In addition, a statistically
significant difference was found between surgical resection
group and chemotherapy group (P = 0.019).
Factors influencing the survival after surgical resection
In the univariate analysis, variables that showed significant
differences in survival for 108 patients who underwent
surgical resection were tumor size and number of
chemotherapy cycles (Table 3). None of the other variables,
including number of tumors, tumor capsules, and location
of tumor thrombus were significantly associated with
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survival. Multivariate analysis with Cox’s proportional
hazards model identified only number of chemotherapy
cycles was an independent prognostic factor for a favorable
prognosis (P = 0.008), while tumor size was not.

Table 1 Clinical characteristics of 179 HCC patients with PVTT
Clinical
characteristics

Conservative Chemo- Surgical
Surgical
treatment
therapy resection resection with
(n = 18)
(n = 53) (n = 24) chemotherapy
(n = 84)

Gender

P

0.522

Male
Female

15
3

49
4

20
4

76
8

8

28

9

45

10

25

15

39

A

12

39

18

66

B

6

14

6

18

3

6

5

22

10

33

13

51

4

13

6

9

1

1

0

2

<10 cm

6

25

13

45

≥10 cm

12

28

11

39

11

33

14

58

7

20

10

26

3
1

7
2

4
2

18
7

Age (yr)

0.510

<45
≥45
Child-Pugh Class

0.731

Tumor location
Left lobe

0.351

Right lobe
Left and right lobe
Caudate lobe
Tumor size

0.430

Tumor number
1

0.715

≥2
Tumor thrombus location
Left branch
Left branch extending

0.639

to main trunk
Right branch

6

23

12

41

Right branch extending
to main trunk

4

10

4

11

Left, right branch

4

11

2

7

and main trunk

Table 2 Survival periods and rates of different groups
Groups

Mean
0.5-yr
1-yr
survival
survival survival
periods (mo) rate (%) rate (%)

2-yr
3-yr
survival survival
rate (%) rate (%)

Conservative treatment

3.6

5.5

0

0

0

Chemotherapy

7.3

34.6

11.8

0

0

Surgical resection

10.1

46.8

22.7

9.8

0

Surgical resection

15.1

55.8

39.3

30.4

15.6

with chemotherapy

Table 3 Variables influencing postoperative survival of patients
with HCC and PVTT
Influent variables

Survival periods (mo)
mean±SD

P

Tumor size
<10 cm

19.2±3.26

≥10 cm

12.8±2.47

0.037

Number of chemotherapy cycles
0

8.6±1.68

1

11.9±2.24

2

16.7±2.98

≥3

23.1±4.32

0.006
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Prognostic factors for PVTT patients
Pretreatment and treatment variables of all 179 patients
with PVTT were analyzed by the Cox’s proportional hazards
model. Multivariate analysis showed that the strategy of
treatment (P<0.001) and the number of chemotherapy
cycles (P = 0.012) were independent survival predictors
for patients with HCC and PVTT.

DISCUSSION
Efficacy of surgical resection for HCC with PVTT
Prognosis is extremely poor in patients with HCC
complicated with PVTT[7,8]. Different treatments have been
tried, to improve the survival of those patients. Some
investigators reported the safety and efficacy of TACE for
HCC with portal vein tumor thrombosis; however, the
5-year survival rate of the patients was only 0-16.8%[18,19].
These data indicate that TACE is not effective in treating
portal vein tumor thrombosis. It was suggested that surgical
resection provided more satisfactory results. Ohkubo et al[3]
presented the report of surgical resection for 47 patients
with PVTT. The postoperative 1-, 3-, and 5-year survival
rates were 53.9%, 33.2%, 23.9% respectively. The prognosis
was better if the tumor was less than 10 cm and had no
intrahepatic metastases. Minagawa et al[20] also reported the
efficacy of surgical treatment in HCC patients with PVTT.
The mean survival time of the 18 patients who underwent
surgical resection was 3.4±2.7 years, and postoperative 1-,
3- and 5-year survival rates were 82.0%, 42.0% and 42.0%
respectively, whereas the mean survival time of 27 patients
of chemotherapy group was 0.36±0.26 years. Multivariate
analysis indicated that surgical resection is a positive
prognostic factor. We previously reported that hepatic
resection combined with thrombectomy was performed in
79 patients with HCC and PVTT at our institute, and the
median survival time was 12 mo, while the median survival
time of 18 patients in HAI or TACE group was 5 mo. The
postoperative 1-, 3-, and 5-year survival rates were 53.9%,
26.9% and 16.6% in surgical resection group vs 22.2%,
5.6% and 0% in the HAI or TACE group respectively[17] .
These results were in agreement with those of others. In
this study, patients of surgical resection group and surgical
resection combined with adjunctive chemotherapy group
had higher survival rates than those of conservative
treatment group or chemotherapy group. Cox’s multivariate
analysis also showed that the strategy of treatment was an
independent survival predictor for patients with HCC and
PVTT. We believe that the benefits of tumor and thrombus
resection en bloc or hepatectomy plus thrombectomy are
as follows: (1) decrease of portal vein pressure and
prevention of intractable ascites and esophageal varices
bleeding; (2) recovery of blood flow of portal vein and
improvement of liver function; (3) reducing the tumor
burden and increasing the efficacy of postoperative
multimodality treatments such as HAI, PVI, TACE and
biotherapy; and (4) improvement of quality of life and
survival rate of the patients[13,21,22]. Therefore, surgical
resection is an effective therapy for HCC with PVTT.
Necessity of postoperative chemotherapy
The major cause of postoperative death in the patients with
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PVTT was cancer recurrence in the remnant liver [3,20,23] .
The possible causes of HCC recurrence after surgical
resection include invisible intrahepatic metastases present
preoperatively in the remnant liver, dissemination of tumor
cells during surgical manipulation, and multicentric origin
of the tumor. It is widely accepted that intrahepatic
metastasis, by the portal venous system, is an important
mechanism for intrahepatic recurrence[9,24,25]. Adjuvant
chemotherapy after hepatic resection may effectively kill
residual microscopic tumor cells in the remnant liver and
circulation. Lipiodol was also used because of its selective
accumulation in tumors when delivered intraarterially and
being a carrier for anticancer drugs[10,18,26]. Recent reports
have presented favorable results of using adjunctive
chemotherapy or chemoembolization after operation for
PVTT patients. In our previous study, we reported that 58
patients with HCC with tumor thrombus in the first branch
of portal vein underwent surgical resection and 24 patients
received operation combined with periodical PVI and/or
HAI, chemoembolization or TACE. The median survival
time of the first group was 13 mo, and the postoperative
1-, 3- and 5-year survival rates were 59.7%, 27.4%, 8.8%
respectively, whereas the median survival time of the second
group was 16.5 mo and 1-, 3- and 5-year survival rates
were 79.2%, 54.6% and 42.0% respectively; the difference
between the two groups was significant[27]. Similar results
have been published by Fukuda et al [23] . He reported that
the overall 3-year survival rate was 48.5% for 19 HCC
patients with tumor thrombi in the main portal vein, inferior
vena cava and extrahepatic bile duct, who had received
postoperative hepatic arterial infusion chemotherapy, and
5 patients survived more than 5 years after the operation.
In the present study, the overall 0.5-, 1-, 2- and 3-year
survival rates of the patients in the surgical resection
combined with adjunctive chemotherapy group were 55.8%,
39.3%, 30.4% and 15.6% respectively. However, the overall
0.5-, 1-, 2- and 3- year survival rates of patients underwent
surgical resection alone were 46.8%, 22.7%, 9.8% and 0%
respectively. Our results indicate that postoperative
adjunctive chemotherapy can reduce recurrence and is
indispensable to prolonging survival. Thus, adjunctive
chemotherapy should be recommended after operation in
attempts to eliminate micrometastases that might be present
at the time of operation or malignant cells shed during
surgical manipulation of the tumor.

multiple treatments cycles are given, the opportunity to kill
the residual tumor cells will increase, and the better prognosis
may achieve. However, chemotherapy or chemoembolization
may damage the remnant liver parenchyma, especially in
cirrhotic patients, which result in impairment or deterioration
of liver function[29,30] . Consequently, the number of the
chemotherapy cycles will be decided according to patients’
hepatic function and response to the treatment. With careful
monitoring, repeated chemotherapy or chemoembolization
is safe and effective.
In conclusion, surgical resection combined with
postoperative adjunctive chemotherapy is the most effective
therapeutic strategy for HCC patients with PVTT when
liver function is compensative. If hepatic reserve is permitted,
repeated adjunctive chemotherapy or chemoembolization
after operation could be recommended to prolong the
survival of the patients. Further prospective randomized
controlled studies with large case numbers are required to
support our findings.

Prognostic factors related to survival of patients with HCC
and PVTT
In this study, multivariate analysis with Cox’s proportional
hazards model identified the strategy of treatment and the
number of postoperative chemotherapy cycles were
independent prognostic factors for a favorable prognosis
of patients with HCC and PVTT. The strategy of treatment
influencing the survival had been well discussed above.
Multiple chemotherapy courses also prolonged the survival
of the patients with HCC and PVTT. We believe that the
explanation for this phenomenon is that the cytotoxic effects
of chemotherapy drugs usually follow log cell kill kinetics[28].
Cell killing, therefore, is proportional. Tumor cells cannot
be eliminated by only one course of chemotherapy. If
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Abstract
AIM: To investigate the effect of CpG-containing
oligodeoxynucleotides (CpG ODN) alone or in combination
with the chemotherapeutic agent 5-fluorouracil (5-FU) on
tumor growth and whether CpG ODN can reverse the
immunosuppression caused by the chemotherapy with
5-FU in murine hepatoma model.
METHODS: Hepatoma model was established by
subcutaneous inoculation with hepatoma-22 (H22 ) cells
into the right flank of BALB/c mice. Mice with tumor were
treated by peritumoral injection of CpG ODN alone or in
combination with subcutaneous injection of 5-FU. Tumor
size was quantified regularly. Serum levels of IL-12 and
IF N-  in mice were a ss a yed by enzy me- linked
immunosorbent assay (ELISA). The lytic capacity of splenic
NK cells was tested by lactate dehydrogenase release
assay.
RESULTS: Peritumoral injection of CpG ODN alone or in
combination with subcutaneous injection of 5-FU, and the
treatment with 5-FU alone all led to significant inhibition
of hepatoma growth. The mean tumor volumes fell by
46.66% in mice injected with CpG ODN, 68.34% in the
5-FU treated mice, and 70.23% in mice treated with the
combination of CpG ODN and 5-FU than in controls. There
was no significant difference in tumor size between 5-FUtreated mice and mice treated with the combination of
5-FU and CpG ODN (P>0.05). The serum levels of IL-12
and IFN- of mice treated with CpG ODN alone (IL-12:
464.50±24.37 pg/mL; IFN-: 134.20±25.76 pg/mL) or
with the co-administration of CpG ODN and 5-FU (IL-12:
335.83±28.74 pg/mL; IFN-: 111.00±5.33 pg/mL)
were significantly higher than that of controls (IL-12:
237.50±45.31 pg/mL; IFN-: 56.75±8.22 pg/mL). The

production of IL-12 and IFN-was suppressed moderately
in 5-FU-treated mice (IL-12: 166.67±53.22 pg/mL;
53.33±16.98 pg/mL) compared to control mice (P>0.05),
whereas the combination of CpG ODN and 5-FU significantly
increased the serum levels of IL-12 and IFN- compared to
5-FU alone (P<0.05). The NK cell killing activity in CpG ODNtreated mice (44.04±1.38%) or the mice treated with CpG
ODN combined with 5-FU (30.67±1.28%) was significantly
potentiated compared to controls (19.22±0.95%, P<0.05).
The co-administration of CpG ODN and 5-FU also significantly
enhanced the lytic activity of NK cells when compared with
the treatment with 5-FU alone (12.03±1.42%, P<0.05).
CONCLUSION: The present data suggests that CpG ODN
used as single therapeutic agent triggers anti-tumor
immune response to inhibit the growth of implanted
hepatoma and reverses the immunosuppression caused
by the chemotherapy with 5-FU.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
CpG is a dinucleotide containing cytosine (C) and guanine
(G). Bacterial DNA and synthetic oligodeoxynucleotides
containing the CpG motifs (CpG ODN) have been shown
to be potent activators of immune system, which can
provoke various immune cells and induce the production
of a wide variety of T helper-1 (Th1)-promoting cytokines,
such as interleukin 12 (IL-12), interferon- (IFN-), tumor
necrosis factor- (TNF-) and IL-6 [1-4]. As a strong
immunostimulatory agent, CpG ODN is able to prevent
effectively against bacterial, viral and parasitic infections[5-7].
CpG ODN also enhances the anti-tumor efficacy of
monoclonal antibodies or cancer vaccines when used as
immune adjuvants in animal tumor models [8,9]. The
administration of CpG ODN alone is also capable of
triggering potent anti-tumor immune responses against
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various experimental tumors, for example, lymphoma,
leukemia, melanoma, colon tumor, glioma, cervical cancer,
neuroblastoma[8,10-14].
Among the available approaches used for the treatment
of hepatocellular carcinoma (HCC), chemotherapy is still a
major alternative for the majority of cases. However, a
single chemotherapeutic agent usually was shown to be poor
in suppressing HCC and improving the overall survival rate
of patients with HCC[15]. Immunotherapy, as a novel option
for tumor management, has offered some clinical benefits
for improvement of the survival patients with HCC[16]. In
particular, the combination therapy with chemotherapeutic
agents and immunostimulators, such as 5-fluorouracil
(5-FU) and IFN, has been found to be effective in enhancing
the HCC-inhibitory effect of chemotherapy alone[16,17]. In
the present study, we investigated the therapeutic potential
of CpG ODN by peritumoral injection in murine hepatoma
model and the possibility that the combination CpG ODN
with 5-FU promotes the inhibitory efficacy of 5-FU alone.
The production of large amounts of IL-12 and IFN-,
and the activation of natural killer (NK) cells has been
thought to be an important property of the CpG ODNelicited immune response[5-7,18]. In this study, we evaluated
the effects of CpG ODN on immune cells by examining
the serum levels of IL-12 and IFN- and cytotoxicity of
splenic NK cells in mice with tumor to further understand
the possible mechanism responsible for CpG ODN action.
The chemotherapeutic drug 5-FU usually causes severe bone
marrow suppression leading to immunosuppression; in
contrast, CpG ODN is a potent immune activator; hence we
also explored whether or not CpG ODN used in combination
with 5-FU could improve the immunosuppressive condition
in 5-FU-treated mice in terms of IL-12 and IFN- contents
in murine sera and NK cell killing activity.

MATERIALS AND METHODS
Mice
BALB/c mice were obtained from the Animal Center of
Tongji Medical College (Wuhan, China) and used for studies
at ages of 6 to 8 wk with an average body weight of 20 g.
Cell lines and cell culture
Mouse hepatoma cell line, hepatoma-22 (H22) and murine
lymphoma YAC-1 cell line were provided by China Center
for Type Culture Collection (Wuhan, China). H22 cells were
maintained in our laboratory by injecting intraperitoneally
1×106 cells into the above-mentioned BALB/c mice. YAC-1
cells were cultured in RPMI 1640 medium supplemented
with 10% heat-inactivated fetal bovine serum, 100 IU/mL
of penicillin, 100 µg/mL of streptomycin and 2 mmol/L
L-glutamine at 37 ℃, 50 mL/L CO2. All culture reagents
were purchased from Gibco BRL, UK.
Oligodeoxynucleotides
The ODNs used in the present study included CpG ODN
1826 and the non-CpG control ODN 1982 [19]. Both of
the purified ODNs were purchased from Shanghai Sangon
Biological Engineering Technolog y Service Co. Ltd.
(Shanghai, China). The sequence of CpG ODN 1826 was:
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5’-TCCATGACGTTCCTGACGTT-3’, which contains
two CpG dinucleotides. The non-CpG ODN 1982
sequence was: 5’-TCCAGGACTTCTCTCAGGTT-3’.
Before in vivo use, ODNs were dissolved in sterile isotonic
sodium chloride.
Tumor implantation and tumor treatments
H22 cells harvested from the peritoneal cavity of the mice
bearing hepatoma-22 were washed three times with cold
PBS. 1×106 of cells with a viability of >95%, as determined
by trypan blue exclusion, were inoculated subcutaneously
at the right hind flank of BALB/c mice. The implanted
tumors exhibited 100% survival. When the subcutaneous
tumor diameter had reached 4-5 mm (5 d after tumor
inoculation), treatment with ODNs alone or in combination
with 5-FU was started. Mice were injected peritumorally
with 50 µL of sodium chloride per day (control) or 50 µg
of ODNs dissolved in 50 µL of saline (once per day) on
d 5, 10, 15 and 17 after tumor inoculation. From the first
day of treatment, 5-FU (25 mg/kg) dissolved in 50 µL of
saline was given at the back of mice per day subcutaneously
for 12 consecutive days with or without peritumoral injection
of ODN (CpG ODN) as described above. Tumor diameter
were measured every third day with a caliper and tumor
volume was calculated according to the following formula:
V = (largest diameter)×(smallest diameter) 2/2. For each
experiment, groups of 5-8 mice were used.
In vitro assay for IL-12 and IFN- levels
Peripheral blood was collected from mice with tumor 24 h
after the final injection of ODNs. Sera were separated and
frozen at -70 ℃. Serum levels of IL-12 (p40) and IFN-
were measured using enzyme-linked immunosorbent assay
(ELISA) kits (BioSource International, Inc., CA, USA)
according to the manufacturer’s instructions. The results
were expressed as pg/mL.
Assay of splenic NK cell activity
After collection of blood, mice were killed by cervical
dislocation. Spleen was freshly removed and smashed in
cold RPMI 1640 media; a single-cell suspension was obtained
by passing the material through a sterile nylon mesh of 100
and 200 gauge in turn. Lymphocytes were separated from
suspension by gradient centrifugation with Ficoll-Hypaque
with a specific gravity of 1.09. NK cell activity was
determined by the lactate dehydrogenase (LDH) release
assay[20]. Briefly, purified lymphocytes were incubated with
the NK-sensitive target cell YAC-1 at E:T ratios of 100
for 4 h in triplicates at 37 ℃ in a 50 mL/L CO2 incubator.
The spontaneous and maximum release of LDH was
determined by culturing YAC-1 cells in culture medium
alone or with 1% sodium lauryl sulfate. After incubation,
the enzymatic reactions were carried out in the dark over
a period of 15 min according to the methods described
by Konjevic et al [20] . All reagents were purchased from
Sigma (St. Louis, MO). The absorbances were read at
570 nm and NK cell lytic activity was calculated by the
following formula: lytic activity (%) = (experimental release
- spontaneous release) / (maximum release - spontaneous
release) ×100%.
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Statistical analysis
All results were expressed as mean±SE of individual animal
values in each group. Statistical analyses were performed
by the unpaired Student’s t test. Results were considered
significant at P<0.05.

RESULTS
Inhibition of tumor growth by CpG ODN and 5-FU
The average survival duration of mice, bearing hepatoma
without any treatment was 23 d. Considering that
chemotherapeutic or immunostimulatory agents would lose
their therapeutic efficacy with the progress of tumor, we
killed all mice 18 d after tumor inoculation to compare the
effects of different therapeutic agents on tumor growth.
Eight days after tumor cell inoculation (3 d after the initial
treatments), subcutaneous injection of 5-FU or peritumoral
injection of CpG ODNs, but not non-CpG ODN, led to
greater reduction of tumor volumes compared to controls
injected with sodium chloride (Figure 1). By 17 d of posttumor implantation, the mean tumor volumes fell by
46.66% in mice injected with CpG ODN (n = 8), which is
greater than that seen in controls (n = 5; 3579.38±480.72
vs 6710.40±909.80 mm 3; P<0.005). A stronger tumor
inhibition occurred in 5-FU-treated mice (n = 8), with tumor
volumes 68.34% smaller than controls (2124.56±434.04 vs
6710.40±909.80 mm 3, P<0.001). The tumor growth
inhibition was not observed in non-CpG ODN-treated mice
(6780.70±656.41 mm3, n = 5). The results suggest that the
antitumoral effect of CpG ODN was dependent on the
CpG motifs within the ODN.
Inhibition of tumor growth by the co-administration with CpG
ODN and 5-FU
Treatment with the combination of CpG ODN and 5-FU
(n = 8) resulted in a 70.23% reduction of mean tumor volumes
compared to controls (1997.78±474.56 vs 6710.40±909.80 mm3,
P<0.001). There was no significant difference in the tumor
inhibition between mice treated with 5-FU alone and
combined use of CpG ODN and 5-FU (Figure 1). The
result showed that CpG ODN did not produce a cooperative
inhibition of hepatoma growth with 5-FU.
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CpG ODN stimulates IL-12 and IFN- production
To assess the effects of CpG ODN on immune cell activity
in mice with hepatoma, we examined and compared the
serum levels of IL-12 and IFN- in all mice after different
treatments. As shown in Figure 2, concentrations of IL-12
and IFN- in sera of mice treated with CpG ODN were
significantly higher than those in sera of controls (IL12: 464.50±24.37 vs 237.50±45.31 pg/mL, P<0.01; IFN-:
134.20±25.76 vs 56.75±8.22 pg/mL, P<0.05). There was
also a significant increase in serum levels of IL-12 and IFN of mice treated with the co-administration of CpG ODN
and 5-FU compared to controls (IL-12: 335.83±28.74 vs
237.50±45.31 pg/mL, P<0.05; IFN-: 111.00±5.33 vs
56.75±8.22 pg/mL, P<0.05), whereas non-CpG ODN
treatment did not affect the levels of IL-12 and IFN-.
The results indicated that CpG ODN could induce the
production of IL-12 and IFN- in mice bearing tumor and
the stimulatory effects were dependent on the CpG motifs
containing ODN. The production of IL-12 and IFN- was
suppressed moderately in 5-FU-treated mice compared
to control mice, whereas the combination of CpG ODN
and 5-FU significantly increased serum levels of IL-12 and
IFN- compared to 5-FU alone (IL-12: 335.83±28.74 vs
166.67±53.22 pg/mL, P<0.05; IFN-: 111.00±5.33 vs
53.33±16.98 pg/mL, P<0.05). The data suggest that CpG
ODN can reverse the inhibition of immune cells resulting
from the 5-FU therapy.

IL-12 and IFN- (pg/mL)
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Figure 2 The serum levels of IL-12 and IFN- (mean±SE) in BALB/c
mice with hepatoma after different treatments. Peripheral blood
was collected from mice with tumor 24 h after the final injection of
sodium chloride (control, n = 5), non-CpG ODN (n = 5), CpG ODN (n = 8),
5-FU (n = 8) and 5-FU combined with CpG ODN (n = 8). ODNs IL-12 and
IFN- contents in sera were assayed with ELISA.
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Figure 1 Tumor volumes (mean±SE) in BALB/c mice with hepatoma
treated with sodium chloride (control, ◆, n = 5), non-CpG ODN (□,
n = 5), CpG ODN (◇, n = 8), 5-FU (▲, n = 8) and 5-FU combined with
CpG ODN (○, n = 8).

Effects of CpG ODN on cytotoxicity of splenic NK cells
To evaluate the effect of CpG ODN on the activity of splenic
NK cells, we detected the lytic activity of NK cells against
YAC1 tumor target cells (Table 1). NK cell killing activity in
CpG ODN-treated mice and the mice treated with CpG
ODN combined with 5-FU was significantly higher than
those in controls, whereas the potentiation of NK cell activity
was not seen in non-CpG ODN-treated mice. This
observation showed the ability of CpG ODN to activate
NK cells and augment their cytotoxicity, and the CpG motifs
were necessary for the immunostimulatory activity of CpG
ODN. Injection with 5-FU alone caused a relatively mild
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but no significant inhibition of NK cell compared to control
animals. However, the lytic activity of NK cells in mice
treated with the combination of CpG ODN and 5-FU is
significantly higher than those in 5-FU-treated mice (P<0.05),
which suggests that CpG ODN is capable of eliminating
the inhibition of NK cell function induced by 5-FU.

Table 1 NK cell activity of hepatoma-bearing mice receiving different treatments
Groups

n

NK activity (%)

Control

4

19.22±0.95

Non-CpG ODN

5

19.33±1.95

CpGODN

6

44.04±1.38a

5-FU
5-FU+CpG ODN

6
6

12.03±1.42
30.67±1.28a

a

P<0.05 vs the control group.

DISCUSSION
CpG ODN 1826 is known as a strong immune activator
and induces protective and curative Th1 responses against
infections and tumor in vivo, and the immunostimulatory
effects of CpG ODN 1826 are dependent on the CpG
motifs within oligodeoxynucleotides[5-7,21]. Our studies here
first showed that peritumoral injection of CpG ODN 1826
as a single therapeutic agent suppressed the growth of
implanted hepatoma in mice, but the oligodeoxynucleotide
without CpG motifs was ineffective. The findings are
consistent with the previous observations obtained in several
tumor models treated with CpG ODN 1826[11,19,21].
The most important immunostimulatory property of
CpG ODN is to activate directly antigen-presenting cells
(APCs), including macrophages, monocytes and dendritic
cells (DCs), to produce a large amount of Th1-promoting
cytokines especially IL-12 and IFN-[13,14,22]. IL-12 and
IFN- are critical cytokines in the induction of cellular
immunity. IL-12 can promote Th1 cell immune response
and stimulate T cells and NK cells to secrete IFN-[23]. The
activated NK cells also release IL-12, which together with
IFN-, in turn further activate NK cells, APCs and T cells
and enhance their immune activity[18,24]. It has been reported
that the IL-12 and IFN--dependent immunological
mechanisms are responsible for the CpG ODN-triggered
protective response to infections[5-7]. The immunological
activity of CpG ODN in the antitumoral response varies
with the ODN sequence and backbone as well as tumor
models. For example, CpG ODN 1585 was ineffective in
lymphoma model but induced a significant regression of
tumor in melanoma via NK cells, whereas the inhibition of
CpG ODN 1826 in lymphoma model was dependent on
both NK and T cells[23]. In the present study, CpG ODN
induced production of IL-12 and IFN- and potentiated
NK cell lytic activity, which exhibited the ability of CpG
ODN to activate various immune cells of the mice with
hepatoma and to elicit the anti-tumor response. The results
also suggest that the production of IL-12 and IFN- as
well as NK cell activation may play a role in the CpG ODN
1826-induced inhibition of hepatoma growth.
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So far, the efficacy of chemotherapeutic agents remains
superior to single immune modulators in the management
of HCC, which was also confirmed in the present result
that 5-FU showed stronger inhibitory effect on hepatoma
growth than CpG ODN. Unfortunately, 5-FU inhibits cancer
cell growth but also damages normal cells, especially the
hemopoietic cells within bone marrow, which can cause bone
marrow suppression leading to immunosuppression. CpG
ODN is a potent immunostimulator; besides the activation
of various immune cells, it has been shown to trigger
extramedullary hematopoiesis and enhance cytotoxic T cell
function in the irradiated mice[25]. IL-12 derived from
activated APCs has been reported to promote maturation
of primitive bone marrow precursors and proliferation of
DCs synergistically with other hemopoietic growth factors[23].
Theoretically the co-administration of 5-FU and CpG ODN
1826 in mice with hepatoma should be able to reverse the
depressed immune function resulting from 5-FU therapy,
thereby enhancing the anti-tumor efficacy of 5-FU alone.
Our results that the treated mice with CpG ODN combined
with 5-FU had higher serum levels of IL-12 and IFN- and
stronger NK cell lytic activity than the 5-FU-treated mice
suggest that CpG ODN indeed reconstitutes immune
function of mice treated with 5-FU. However, no significant
difference in mean tumor volumes was observed between
the two treatments. The results reflected the possibility that
the combined use of CpG ODN with 5-FU did not increase
the tumor-inhibitory effect of 5-FU. But it is mostly possible
that the dose of 5-FU used here is enough to inhibit cancer
cells, which cannot be exceeded by the addition of CpG
ODN. Even if the combination of CpG ODN with 5-FU
failed to produce synergistic inhibition of tumor growth,
the immune-potentiating effect induced by CpG ODN
undoubtedly contributes to the anti-tumor response in mice,
and increases the toleration to the chemotherapeutic agents,
thereby bringing about positive effect on tumor control.
In this study, peritumoral injection of CpG ODN did not
produce any adverse effects showing that CpG ODN is safer
than chemotherapeutic drugs or other immunostimulatory
agents such as IL-2 and IFN in tumor treatment.
Furthermore, CpG ODN is cheaper and easily available.
Therefore, the present findings that CpG ODN inhibited
hepatoma growth and triggered an immune response to
reverse the immunosuppression caused by 5-FU therapy
give rise to the interest that CpG ODN may also be a useful
agent in human HCC management.
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Abstract
AIM: To investigate the effect of fermented soy milk on
human ecosystem in the intestinal tract by way of
examining the population of different microorganisms
isolated from fecal samples.
METHODS: A crossover experimental design was applied.
Twenty-eight healthy adults completed this experiment.
Each subject consumed 250 mL, twice a day between
meals, of either fermented soy milk or regular soy milk
first for 2 wk, then switched to the other drink after 2 wk.
Fecal samples were collected from all subjects every week
starting from the second week to the end of the experiment.
The microorganisms analyzed were Bifidobacterium spp.,
Lactobacillus spp., Clostridium perfringens , coliform
organisms, and total anaerobic organisms.
RESULTS: In the period of fermented soy milk consumption,
the populations of Bifidobacterium spp. and Lactobacillus
spp. increased ( P <0.05) as well as the ratios of
Bifidobacterium spp. and Lactobacillus spp. to Clostridium
perfringens ( P <0.05). The population of coliform
organisms decreased (P<0.05) when subjects were in
the period of fermented soy milk consumption.
CONCLUSION: Intake of fermented soy milk significantly
improved the ecosystem of the intestinal tract in the body
by increasing the amount of probiotics.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Probiotics are bacteria with health-benefits that live in the
intestinal tract. Probiotics reduce lactose-intolerance
symptoms, increase the resistance of the intestines to
diseases, inhibit cancer cells from proliferating, modulate
the concentration of plasma cholesterol, improve digestive
functions, and stimulate the immune system[1,2]. On the other
hand, prebiotics are the food ingredients that can be utilized
by or can enhance the growth of probiotics. Some commonly
mentioned prebiotics are lactose, fructooligosaccharides, and
galactooligosaccharides[3-6]. Soybeans and soy products have
been well known for their health benefits. In soybeans,
oligosaccharides were also proven to be prebiotics[7]. The
combination of probiotics and prebiotics is called synbiotics[1].
Fermented soy milk, according to previous statements, can
be considered as a synbiotic product. Thus, our objective
was to investigate the effect of fermented soy milk on the
ecosystem in the intestinal tract of human subjects.
MATERIALS AND METHODS
Subjects
This study was approved by the Human Ethics Committee
of Taipei Medical University (Taipei, Taiwan). Subjects were
recruited mostly from the campus of Taipei Medical
University and had no acute or chronic diseases, gastrointestinal
problems, or a recent history of taking antibiotics. Before
executing this study, written informed consents were
acquired from all subjects. Totally 36 subjects participated
at the beginning. Subjects were advised to maintain their
normal life style during the experiment.
Study design
A crossover design was used in this study. Subjects were
randomly assigned to two groups, A and B. In group A,
subjects consumed fermented soy milk first, and then
switched to regular soy milk, while regular soy milk was
consumed first in group B. The total experimental time was
9 wk. A 2-wk adjustment period was carried out, followed
by consumption of experimental drinks for 2 wk. Before
switching to the other experiment drink, there was another
2-wk period for washout. After all subjects had completed
consuming the two kinds of experimental drink, there was
a 1-wk washout period before the experiment formally
ended. The drink consisted of 250 mL each time given
30 min after a meal, twice a day (500 mL/d). A 3-d (Sunday,
Monday and Tuesday) dietary record was completed by
subjects every week during the experiment.
Sample collection and microorganism analyses
About 1 g of fecal samples from each subject was collected
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in wk 2, 3, 4, 6, 7, 8, and 9 for microorganism analyses.
Samples were stored at -20 ℃ for less than 24 h before
analysis. For the analyses, 0.5 g of the inner part of a fecal
sample (to retrieve anaerobic material) was mixed well with
15 mL of an anaerobic solution (Table 1), followed by serial
dilutions to acquire different concentrations (10-1 to 10 -8).
Certain microorganisms were isolated from fecal samples
using the media and methods developed by Molly et al [8] .
The bacteria, media and incubation times are listed in
Table 2. Starting from the lowest concentration, 50 L of
the solution was then inoculated on different media using
the spread plate method. For incubating Clostridium perfringens,
1 mL of solutions with suitable concentrations, determined
by the result of a pre-experiment, was mixed well with TSC
medium (without egg-yolk) using the pour plate method,
followed by mixing with the regular TSC medium. After
the liquid medium solidified, the plate was placed in an
anaerobic chamber.
When counting colonies, plates with 30-300 colonies were
included. The number of bacteria was presented as log
CFU/g of wet weight of feces. The calculation formulae
are listed as follows and are based on the FDA Bacteriological
Analytical Manual: Bifidobacterium spp., Lactobacillus spp.,
coliform organisms, and total anaerobic organisms: CFU/
plate ×20 (50 L/plate)×dilution factor×15 mL/sample (g);
and Clostridium perfringens: CFU/plate×dilution factor×15 mL/
sample (g).

Table 1 Composition of the anaerobic solution
Chemicals

Weight

KH2PO4

4.5 g

Na2HPO4

6.0 g

L-cysteine HCl·H2O

0.5 g

Tween 20

1g

Galtin

2g

Distilled water

1L

Statistical analysis
All data are presented as the mean±SD. One-way analysis
of variance (ANOVA), unpaired and paired t-tests were
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performed using SAS version 8.1. P<0.05 was the level of
significance.

RESULTS
Before the experiment started, 8 people withdrew from the
study due to personal reasons. Thus, totally 28 people
participated and completed two experimental periods. As
shown in Table 3, there were no significant changes in weight,
height, or BMI between before and after the study.
Group A (fermented soy milk first, regular soy milk second)
In this group (Figure 1A), we found that during the first
period of fermented soy milk consumption, the populations
of coliform organisms and Clostridium perfringens significantly
decreased (P<0.05). In the same period, the populations
of both Lactobacillus spp. and Bifidobacterium spp. increased
(P<0.05). The ratios of Lactobacillus spp. and Bifidobacterium
spp. to Clostridium perfringens also increased in the first period.
In the second period of regular soy milk consumption, the
populations of coliform organisms and Clostridium perfringens
and the ratios of Lactobacillus spp. and Bifidobacterium spp.
to Clostridium perfringens did not change.
Group B (regular soy milk first, fermented soy milk second)
In this group (Figure 1B), in the first and second periods,
the population of Lactobacillus spp. significantly increased
(P<0.05). In the second period, the populations of coliform
organisms and Clostridium perfringens significantly decreased
(P<0.05), while the population of Bifidobacterium spp.
significantly increased (P<0.05). At the end of the first and
second periods, the ratios of Lactobacillus spp. and
Bifidobacterium spp. to Clostridium perfringens had significantly
increased (P<0.05). The population of total anaerobic
bacteria did not change in either group.

DISCUSSION
The population of microorganisms in the intestine is in a
balanced phase[9]. When the number of probiotics increases,
the number of harmful bacteria decreases. As seen in the
results, we found that when subjects were in the period of
fermented soy milk consumption, their intestinal ecosystem

Table 2 Microorganisms analyzed and incubating media, times and temperatures
Medium

Microorganism

Color of the colony

Incubation conditions

Bifidobacteria iodoacetate medium–25 (BIM-25)

Bifidobacterium spp.

Green

48 h, 35-37 ℃

Lactobacillus anaerobic MRS with bromocresol green (MRS-modified)

Lactobacillus spp.

Reddish orange

48 h, 35-37 ℃

Tryptose-sulfite-D-cycloserine agar (TSC)
Endo agar plates (Endo)

Clostridium perfringens
Coliform organisms

White with black center
Metallic red

24 h, 35-37 ℃
24 h, 35-37 ℃

CDC anaerobe blood agar plates (CDC)

Total anaerobic organisms

White

48 h, 35-37 ℃

Table 3 Background information of subjects before and after the study
Wk 0
Group

n

A
B

14
14

Age (yr)

Weight (kg)

Height (cm)

23.1±1.1
22.6±1.8

56.4±10.6
55.9±8.3

162.0±7.9
162.6±8.2

Wk 8
BMI
21.3±2.3
21.1±1.5

Weight (kg)
56.1±10.2
56.1±9.5

Height (cm)

BMI

162.0±7.9
163.1±8.8

21.2±2.2
21.1±3.5
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A

a
c

12
10

c

8

a

a
a
c
c

a
c

a
c

a

a

a
a
a

c
a
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B
a
c

a

a

12

a
c

c

4

2

2
0
1-0

1-1

1-2

a
c

2-0

2-1

2-2

Wash

aa
c
a
c

a
c

c

6

4

0

a
c

8

c

6

c

10

a

1-0

1-1

1-2

2-0

2-1

a

a

2-2

Wash

Figure 1 Changes in the number (log) of different microorganisms during the experiment. A: the group in which fermented soy milk was
consumed in the first period; B: the group in which regular soy milk was consumed in the first period. Data presented as the mean±SD, n=13;
: coliform organisms, : total anaerobic organisms, : lactobacillus spp., : Bifidobacterium spp., : Clostridium to wk 2-0, aP<0.05 vs total
anaerobic organisms; cP<0.05 vs total anaerobic organisms.

tended to be improved by an increase in the populations of
the so-called “good bacteria”. The effect could be maintained
even 3 wk after cessation of fer mented soy milk
consumption. On the other hand, results showed that regular
soy milk also had some effect on increasing the population
of Lactobacillus spp. This may have been because soybeans
contain certain types of oligosaccharides such as raffinose
and stachyose that can be utilized by Lactobacillus spp. as
energy sources[10,11]; this reduces the beany odor and gas
production in the intestines[12]. It was found that, by culturing
different probiotics in soy milk, the amounts of raffinose
and stachyose that caused reduction of gas production in
the stomach while the amounts of sucrose, glucose,
galactose, acetic acid, and free amino acids increased[13]. The
increase in probiotics lowers the risk of GI tract dysfunction
from bacterial invasion and hence, maintains one of the
major functions of GI tract, the barrier function[14]. Beside
the effects of consuming fermented soy milk determined
in this experiment, soy products are well known for their
health benefits. It has been found that the intake of soy
products reduces the risk of various cancers, lowers the
levels of blood lipid and cholesterol, and prevents oxidation
of VLDL and LDL, and hence lowering the risk of
cardiovascular diseases[15-17].
In conclusion, consumption of fermented soy milk is
beneficial to the ecosystem of the intestinal tract by
increasing the populations of probiotics and reducing the
populations of unwanted bacteria. In addition, fermented
soy milk may also provide other exclusive ingredients such
as isoflavone and saponin that do not exist in dairy products.
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Abstract
AIM: To explore expression and distribution features of
COX-2 and bcl-2 in human gastric adenocarcinoma tissues
and to study its biological significance.
METHODS: Totally 36 human gastric carcinoma samples
were enrolled in this study (cardiac adenocarcinoma
16 cases, distal gastric adenocarcinoma 20 cases). The
expressions of COX-2 and bcl-2 in cancerous tissues and
corresponding para-cancerous tissues were investigated
by immunohistochemistry using COX-2 polyclonal antibody
and bcl-2 monoclonal antibody. The normal gastric mucosa
tissues were used as control.
RESULTS: The expressions of COX-2 and bcl-2 in gastric
carcinoma were significantly higher than that in the paracancerous tissues (77.8% vs 47.2%, P<0.01, 80.56% vs
58.33%, P<0.05). The expression of COX-2 in cardiac
adenocarcinoma was remarkably higher than that in the
distal gastric carcinoma (93.8% vs 65.0%, P<0.01). The
expression of COX-2 was mainly localized in the cytoplasm
of tumor cells and partly in the nucleus. There is a transition
of the COX-2 cytoplasmic positivity to nucleic in tumor
cells with the increase of gastric carcinoma pathological
grade. Interstitial macrophages, fibroblasts and vascular
endothelial cells also expressed COX-2. The tissues with
higher expression of COX-2 also expressed high level of
bcl-2 protein.
CONCLUSION: Abnormal expression pattern of COX-2
within the tissues of human gastric cancer is correlated
with tumor location and lymph node metastasis. COX-2
may regulate expression of apoptosis suppressor gene
(bcl-2) through interaction of tumor cells and stromal cells
and play an important role in the generation and development
of tumors, which will be of great help in developing new

methods for antitumor therapy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Cyclooxygenases (COXes), which are the key enzymes in
prostaglandin (PG) biosynthesis, are thought to be important
in maintaining the normal physiological functions and certain
pathological process. Currently, cyclooxygenases have at least
2 isoenzymes in the mammal, namely COX-1 and COX-2.
COX-1 is expressed in most tissues and is thought to be
important in maintaining the normal physiological functions.
COX-2 may be involved in the repairment of peptic ulcer and
colitis, development and progression of tumor by promoting
proliferation of cells and tumor angiogenesis, and inhibition
of apoptosis[1,2]. Recently, the relationship between COX-2 and
human gastric cancer has been emphasized. The increased
expression of COX-2 mRNA or protein has been demonstrated
in human tumors of digestive system[3-10], such as esophageal
cancer, colorectal cancer, liver cancer and pancreas cancer.
The expression of COX-2 protein in human gastric carcinoma
has also been reported. However, distribution features of
COX-2 protein in human gastric carcinoma and the
relationship between COX-2 and bcl-2 are still not clear. To
clarify the contribution of COX-2 and bcl-2 in gastric
carcinoma, it is essential to examine the expression of COX2 and bcl-2 within tissues of human gastric carcinoma.
In this study, we used immunohistochemistry method
to detect the expression of COX-2 and bcl-2 protein in
human gastric adenocarcinoma and their corresponding paracancerous tissues, and to explore the distribution features
of COX-2 and bcl-2 in human gastric adenocarcinoma and
the biological significance, and to provide rational foundation
for designing effective schemes of antitumor therapy.
MATERIALS AND METHODS
Materials
A total of 36 human gastric adenocarcinoma (including 16
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cardiac adenocarcinomas and 20 distal gastric adenocarcinomas)
cases were investigated. All tissues were surgically resected.
Cancerous tissue and para-cancerous gastric mucosa were
all from the same specimens. Morphologically normal gastric
mucosa tissues were used as control. Each specimen was
fixed in 10% phosphate-buffered formalin immediately after
resection, embedded in paraffin and sectioned into 4 m
for immunohistochemical study and routine histological
examination.
The study was approved by the Ethics Committee of
our hospital and all patients gave written informed consent
prior to enrollment.
Reagents and methods
Polyclonal mouse anti-human COX-2 antibody was purchased
from Santa Cruz Biotechnology Co. Mouse anti-human
monoclonal antibody bcl-2 was purchased from Danmark
Co. The SP staining kit was purchased from Zymed Co.
The procedures of immunohistochemical staining were
performed according to the manufacturer’s instructions.
The known positive colorectal cancer tissues were used as
positive control. As negative control, PBS was used to replace
primary antibody.
Assessment of staining
Under the light microscope, the immunoreactivity was
evaluated both qualitatively and quantitatively. Intensity and
percentage of positive cells were used to evaluate each tissue
section. The immunostaining intensity was scored as 0
(achromatic), 1 (light yellow), 2 (yellow), and 3 (brown).
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Immunostaining quantity was scored as follows: 1 = <25%,
2 = 26-50%, 3 = 51-75% and 4 = >75% of tumor cell
showing positivity. The combined score, based on both
qualitative and quantitative immunostaining, was determined
by multiplying the qualitative and quantitative scores. Based
on the combined score, the samples were grouped as follows:
negative (-) 0-1, weak (+) 2-3, moderate (++) 4-6, strong
(+++) >6.
Statistical analysis
With statistical analysis package (SPSS) version 10.0 for
Windows, difference between groups was evaluated by using
chi-square test and Student’s t test. The P value less than
0.05 was considered statistically significant. All reported P
values were two-sided.

RESULTS
Expression of COX-2 and bcl-2 in normal gastric mucosa
In the normal gastric mucosa, the expression of COX-2
was mostly negative. Smattering deep glandular epithelia
cells showed weak-positive expression of COX-2. The
expression of bcl-2 was negative or focus weak-positive
reaction in the normal gastric mucosa.
Distribution of COX-2 within tissues of human gastric
carcinomas (Table 1)
The expression of COX-2 was mainly localized in the
cytoplasm of tumor cells, partly in the nucleus (Figure 1).
The expressions of COX-2 were detected in the paracancerous tissues (Figure 2), including gastric mucosal

Table 1 Pathological characteristics of gastric adenocarcinoma and immunohistochemical COX-2 staining
Expression of COX-2
Pathological characteristics
Gastric carcinomas
Para-cancerous tissues
Location of tumor
Cardiac carcinoma
Non-cardiac carcinoma
Histological type
Intestinal carcinoma
Diffuse carcinoma
Metastatic lymph node
Positive
Negative

Positive rate (%)

P

6
0

77.8
47.2

<0.01b

8
2

3
3

93.8
65.0

<0.01b

5
7

5
4

4
3

82.3
74.1

10
2

5
5

6
0

95.5
50.0

n
-

+

++

+++

36
36

8
19

12
10

10
7

16
20

1
7

4
8

17
19

3
5

22
14

1
7

<0.005b

b

P<0.01 vs the expression of COX-2 was significant between gastric carcinoma and para-cancerous tissues, location of tumor, and metastatic lymph node.

Figure 1 Expression of COX-2 in tissue of human gastric adenocarcinoma.
Some stromal cells showed positive stains. Immunohistochemical
staining, ×400.

Figure 2 Expression of COX-2 in the para-cancerous tissue. Intestinal metaplasia epithelia and goblet cells showed plasmatic stain.
Immunohistochemical staining, ×400.
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epithelia, intestinal metaplasia epithelia, goblet cells and a
few glandular epithelia, but with lower intensity. The COX2 expression was also observed on interstitial macrophages,
fibroblasts and endothelial cells. The expression of COX-2
in cancerous tissues was significantly higher than that in the
para-cancerous tissues (77.8% vs 47.2%). Compared to the
distal gastric adenocarcinoma, the rate of COX-2 expression
was dramatically higher in cardiac adenocarcinoma (93.8%
vs 65%). There was no significant difference in the expression
of COX-2 based on the tumor differentiation. However,
the cytoplasmic positivity of COX-2 was transformed to
nucleic positivity with the increase of pathological grade of
gastric carcinoma. Meanwhile, we observed that the
expression of COX-2 in metastatic cases was higher than
that in non-metastatic one (P<0.005), which suggested that
the expression of COX-2 may contribute to infiltrating
metastasis potential of cancer cells.
The expression of bcl-2 protein in gastric cancer tissues (see
Table 2)
The expression of bcl-2 protein in gastric cancer tissues
was located in cytoplasm of tumor cells and stromal
lymphocytes. In para-cancerous tissues, only a few deep
glandular epithelium cells and intestinal metaplasia cells
expressed bcl-2 protein. The positive rate and intensity of
bcl-2 expression in gastric cancer tissues were higher than
that in para-cancerous tissues. The expression of bcl-2
protein was not correlated with location and histological
type of tumor and lymph node metastasis (data was not
shown).

Table 2 Expression of bcl-2 in gastric cancer and para-cancerous
tissues
Expression of bcl-2
Type of tissue

n
-

+

++

+++

Positive rate (%)

P
<0.025 a

Gastric cancer tissue

36

7

9

12

8

80.56

Para-cancerous tissues

36

15

14

4

3

58.33

a

P<0.05 vs the expression of bcl-2 was significant between gastric carcinoma
and para-cancerous tissues.

DISCUSSION
COXes are thought to be important in maintaining the
normal physiological and pathological functions. COX-2 may
be involved in the development and progress of tumor by
promoting proliferation of cells and tumor angiogenesis and
inhibiting apoptosis of cells[1,2].
The increased expression of COX-2 mRNA or protein
has been demonstrated in human tumors of digestive
system[3-8], such as esophageal cancer, colorectal cancer, liver
cancer and pancreas cancer. The expression of COX-2
protein in human gastric cancer tissues has also been
reported. However, distribution features of COX-2 protein
in human gastric cancer tissues, relationship between COX2 and bcl-2 are not completely clear. In the present study,
we demonstrated that COX-2 protein was overexpressed in
human gastric cancer tissues. The location of COX-2
products varied with difference of tumor differentiation.
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In intestinal adenocarcinoma, COX-2 protein was present
in the cytoplasm of tumor cells with moderate staining
intensity. But in diffuse adenocarcinoma, COX-2 protein
was localized in nucleus of tumor cells and stained with
brown granules. Sometimes, COX-2 protein simultaneously
appeared in nucleus and cytoplasm of tumor cells.
Interestingly, the positive rate of COX-2 expression and
stained intensity in cardiac carcinoma were significantly
higher than that in gastric distal carcinomas. These findings
differed from other reports [9] in which similar rate of
positivity was evident in intestinal-type cardiac carcinoma
(52%) when compared to the noncardiac ones (64%).
However, there was a trend of lower incidence of strong
COX-2 positivity in cardiac than in noncardiac tumors (14%
vs 41%). This difference of COX-2 distribution may be
associated with specificity and sensitivity related to different
COX-2 antibodies and staining protocols or procedures.
There may be ethnic difference between different peoples.
Recent studies[11] indicated that genesis of cardiac cancer
was related to reflux esophagitis, intestinal metaplasia in the
junction of stomach and esophagus and atypical hyperplasia.
Incidence of cardiac adenocarcinoma was increasing in
Chinese, which may be one of the factors that lead to highlevel expression of COX-2 in cardiac cancer.
Our results showed that COX-2 protein was not only
expressed in neoplastic epithelial cells, but also in interstitial
macrophages and fibroblasts, which might be an incidental
phenomenon in the progression of diseases unrelated to
carcinogenesis itself or might be a reaction to mucosal lesion.
The stromal cells expressing COX-2 can stimulate proliferation
of epithelium cells and promote tumorigenesis through
paracrine ways[12]. Williams and his colleagues[13] found that
the growth of a lung carcinoma cell line is markedly
attenuated in COX-2 -/- mice or mice treated with a COX-2selective inhibitor. In sporadic colorectal adenomas, COX-2
was localized on superficial interstitial macrophages and
dysplastic epithelial cells. The mechanism to induce epithelial
carcinogenesis may be COX-2-mediated paracrine signaling
between the macrophages and epithelial cells within tumors[14].
The development and progression of stomach cancer
is a pathological process involving many factors, stages and
oncogenes, in which imbalance between apoptosis and
proliferation of cells plays an important role. Bcl-2 gene is
a well-known apoptosis suppressor gene leading to increase
of abnormal cells by inhibiting cell apoptosis and prolonging
life span of cells, but not promoting cell proliferation, so it
will make way for the development of tumors[15]. Our results
showed that the positive rate and intensity of bcl-2 protein
expression in tissues of gastric adenocarcinomas was higher
than that in para-cancerous tissues, suggesting that epithelial
cells might have overexpression of bcl-2 protein during
malignancy transformation of gastric mucosa, which makes
regulatory mechanism of cells changeable. Therefore, the
balance between apoptosis and proliferation of cell was
destroyed, which will conduce to development of tumors.
The expression of bcl-2 protein was not related to differentiation
and location of gastric adenocarcinoma.
Recent studies[16-19] suggest that COX-2 was involved in
the development of tumors through following ways: (1)
COX-2 can increase products of prostaglandin; (2) COX-2

Chen XL et al. COX-2 and bcl-2 in human gastric carcinoma

can transform pre-carcinogen to carcinogen; (3) COX-2
can inhibit apoptosis of cells and promote adhesion of cells;
(4) COX-2 can promote angiogenesis of tumor; (5) COX-2
can regulate inflammation and immune functions; (6) COX-2
can enhance invasive ability of tumor cells. We also found
in the present experiment that the tissues with a high-level
expression of COX-2 expressed simultaneously high-level
of bcl-2 protein, indicating the COX-2 can promote
expression of bcl-2 and decrease cell apoptosis. Therefore,
we suppose COX-2 plays an important regulatory role in
bcl-2 expression. Further study of interaction between
COX-2 and bcl-2 in the gastric cancer is warranted.
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Abstract
AIM: To investigate the expression of tumor necrosis
factor-alpha (TNF-) and vascular endothelial growth
factor (VEGF) in the development of esophageal varices
in portal hypertensive rats.
METHODS: Thirty male Sprague-Dawley (SD) rats in the
model group in which a two-stage ligation of portal vein
plus ligation of the left adrenal vein was performed, were
divided into three subgroups (M7, M14 , and M21) in which
the rats were kiued on the seventh day, the 14th d and the
21 d after the complete portal ligation. Thirty male SD
rats, which underwent the sham operation in the control
group, were also separated into three subgroups (C7, C14
and C21) corresponding to the models. The expression of
TNF- and VEGF in the esophagus of all the six subgroups
of rats were measured with immunohistochemical SP
technique.
RESULTS: The portal pressure in the three model subgroups
was significantly higher than that in the corresponding
control subgroups (23.82±1.83 vs 11.61±0.86 cmH 2O,
20.90±3.27 vs 11.43±1.55 cmH2O and 20.68±2.27 vs
11.87±0.79 cmH2O respectively, P<0.01), as well as the
number (9.3±1.6 vs 5.1±0.8, 11.1±0.8 vs 5.4±1.3 and
11.7±1.5 vs 5.2±1.1 respectively, P<0.01) and the total
vascular area (78 972.6±3 527.8 vs 12 993.5±4 994.8
m2, 107 207.5±4 6461.4 vs 11 862.6±5 423.2 m2 and
110 241.4±49 262.2 vs 11 973.7±3 968.5 m2 respectively,
P<0.01) of submucosal veins in esophagus. Compared to
the corresponding controls, the expression of TNF- and VEGF
in M21 was significantly higher (2.23±0.30 vs 1.13±0.28
and 1.65±0.38 vs 0.56±0.30 for TNF- and VEGF
respectively, P <0.01), whereas there was no difference in
M7 (1.14±0.38 vs 1.06±0.27 and 0.67±0.35 vs 0.50±0.24
for TNF- and VEGF respectively, P>0.05) and M14 (1.20±0.25
vs 1.04±0.26 and 0.65±0.18 vs 0.53±0.25 for TNF- and
VEGF respectively, P>0.05). And the expression of TNF-
and VEGF in M21 was significantly higher than that in M7

(2.23±0.30 vs 1.14±0.38 and 1.65±0.38 vs 0.67±0.35 for
TNF- and VEGF respectively, P<0.01) and M14 (2.23±0.30
vs 1.20±0.25 and 1.65±0.38 vs 0.65±0.18 for TNF- and
VEGF respectively, P<0.01), but there was no difference
between M7 and M14 (1.14±0.38 vs 1.20±0.25 and 0.67±0.35
vs 0.65±0.18 for TNF- and VEGF respectively, P >0.05).
CONCLUSION: In the development of esophageal varices
in portal hypertensive rats, increased TNF- and VEGF
may be not an early event, and probably play a role in
weakening the esophageal wall and the rupture of
esophageal varices.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
It has been known that portal hypertension is responsible
for the opening and dilatation of relative collateral vessels,
which can lead to the development of varices at various
locations. Esophageal varices are one of its most common
and sometimes lethal complications. The studies on
esophageal varices have been going on for more than one
century, and have gained great achievements especially in
the treatment, but the mechanism of their development
remains to be clarified.
The functions of humoral substances in portal
hypertension had been studied for a long time; however,
most of the research was on their changes in the circulation.
Recent studies suggested that the changes of humoral
substances in portal hypertensive esophagus may be
responsible for the development and rupture of esophageal
varices[1-4].
Tumor necrosis factor-alpha (TNF-), a 17 ku
mononuclear-derived cytotoxic protein, plays an important
role in the pathogenesis of multiple diseases [5-8]. The
evidences indicate that the increased production of TNF-
has been implicated in the vasodilatation associated with
portal hypertension, which mainly mediated through an
increased release of nitric oxide[9-12] . And further studies
showed that TNF- may activate not only the nitric oxide
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synthase (NOS) gene but also the ET-1 gene [13-16] .
Furthermore, recent studies suggested that the overexpression
of NOS and ET-1 in portal hypertensive esophagus may
be responsible for the development and rupture of
esophageal varices[1-3], but the expression and function of
TNF- in portal hypertensive esophagus remain unclear.
Vascular endothelial growth factor (VEGF), termed on
its ability to promote growth of vascular endothelial cells, is
a glycoprotein that selectively induces endothelial
proliferation, angiogenesis, and capillary hyperpermeability,
and is known as a key regulator of blood vessel growth[17,18].
Several studies showed that the VEGF gene is expressed in
a wide variety of normal animals and human tissue[19,20] ,
and it also plays an important role in some pathological
conditions, which related to vessel changes[21-25]. Though the
serum VEGF levels in cirrhotic patients was significantly
lower than that in the control[26-28], the expression of VEGF
in portal hypertensive gastric mucosa, whether in patients
or in animal models, had significantly increased[29,30]. As to
esophageal varices, another complication of portal
hypertension, Genesca et al [27] observed that the serum
VEGF levels in cirrhotic patients without gastroesophageal
varices was higher than that in patients with them, but how
it is expressed in portal hypertensive esophagus remains
unknown.
Since esophageal varices are characterized by the
pathological changes of esophageal submucosal vein, and
are also components during the progress of portal
hypertension, we hypothesized that TNF and VEGF may
be involved in the etiopathology of esophageal varices. So
in the present study, we established a rat model of esophageal
varices by a two-stage ligation of portal vein plus ligation
of the left adrenal vein, then investigated the dynamic
expression of TNF- and VEGF in the development of
esophageal varices in portal hypertensive rats.

MATERIALS AND METHODS
Preparation of esophageal variceal rat model
Sixty male Sprague-Dawley rats weighing 225-275 g,
obtained from the Laboratory Animals Center of Xiangya
Medical College, were divided into the model group and
the control randomly. Modified from Tanoue’s method[31],
a two-stage ligation of portal vein plus ligation of the left
adrenal vein was performed in the model group. In brief,
with the rats under ether anesthesia, the portal vein was
isolated after median laparotomy. A ligature was tied by a
3-0 silk around both an 18-gauge hypodermic needle lying
alongside the portal vein and the portal vein, and then
removal of the needle yielded a partial ligation of the portal
vein. Subsequently, both ends of silk were drawn out
through the abdominal wall after a round the portal vein,
and placed hypodermically in the flank. In addition, the left
kidney, adrenal gland, and adrenal veins were exposed, and
the left adrenal vein was ligated, but no devascularization
was conducted at the circumference of the left renal vein
except removal of the retroperitoneal fat around the top
of left kidney. Seven days after the operation, the ends of
the silk in the flank were pulled simultaneously to make a
complete portal ligation.
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Thirty rats in model group were divided into three
subgroups (M7, M14, and M21, n = 10), which were kiued on
the seventh day, the 14th d and the 21 d after the complete
portal ligation. The rats in the control group, which underwent
a sham operation, were also separated into three subgroups
(C7, C14, and C21, n = 10), corresponded to the model group.
The rats fed with rat chow and water ad libitum before
and after surgery. All procedures are under the animal
protection council.
Measurement of the portal pressure
After the rats were anesthetized with ether and the superior
mesenteric vein was exposed. A catheter perfused with
heparin saline solution (200 units of heparin diluted in
1 mL of 0.9% saline solution) was inserted through the
superior mesenteric vein into the portal vein. The portal
pressure was measured from the height of the column of
saline within the catheter, with the right atrium as the zero
reference.
Tissue preparation
After portal pressure measurement, the rats were killed with
a bolus of 0.5 mL potassium chloride via the mesenteric
catheter. The lower esophagus (0.5 cm in length from
esophagogastric junction) was excised, fixed in 10% buffered
formalin, and embedded in paraffin. Serial transverse
sections were cut at 4 m, some stained with hematoxylin
and eosin (HE) for pathological study and others for
immunohistochemistry.
Immunohistochemical procedure
TNF- and VEGF were detected by the immunohistochemical
SP technique according to the manufacturer’s instructions.
In TNF- staining, the antigen enhancement was performed
by immersing the slides in boiling 10 mmol/L citric acid
buffer (pH 6.0) for 20 min. In VEGF staining, sections
were treated with boiling EDTA solution for 20 min. After
immersing in 0.3% H 2O2 in methanol for 10 min and
incubating with normal goat serum for 10 min at room
temperature, sections were incubated with the primary
antibody of either anti-TNF (goat polyclonal antibody,
Santa Cruz, diluted 1:50) or anti-VEGF antibody (mouse
monoclonal antibody, Santa Cruz, diluted 1:50) at 4 ℃
overnight. Then, sections were incubated with biotinylated
second antibody of either anti-mouse or anti-goat IgG for
10 min at room temperature, followed by 10-min incubation
in an S-P complex solution. Finally, the peroxidase activity
was visualized with 0.4% diaminobenzidine (DAB). Sections
were rinsed in 0.01 mol/L phosphate buffer solution (PBS,
pH 7.4) between every two steps. We used PBS instead of
the primary antibody as negative control.
Morphometric analysis
With the computer software HPIAS-1000, the number of
vessels and the total vascular area (diameter >20 m) in
the esophageal submucosa were calculated.
Immunohistochemical expression of TNF- and VEGF
were detected with the corrected optical density (COD)
values. Briefly, the optical density of immunoreactive
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products in five randomly selected fields of each different
esophageal section was measured by an image-based analysis
system, and the measurement was standardized by
subtracting the background intensity of each section.
Statistical analysis
All data were analyzed using the SPSS10.0 for Windows.
The results were expressed as the mean±SD. Mann-Whitney
U test was used to determine any significance between
groups. P<0.05 was considered to be significant.

RESULTS
Portal pressure
The mean portal pressure in all three model subgroups (M7,
M 14 , and M 21) was significantly higher than that in the
corresponding control subgroups (C7, C14, and C21) (P<0.01).
There was no difference in portal pressure between M14
and M21 (P>0.05), and it had significantly decreased in both
than in M7 (P<0.05) (Table 1).

Table 1 Portal venous pressure (cmH 2 O, n = 10) (mean±SD)
Group

7d

14 d

Figure 1 Markedly dilated esophageal submucosal veins (arrow) in
the lower esophagus in M14 group. (H & E, 40).

Expression of TNF-
Positive TNF--immunoreactive products (brown-colored)
were mainly observed on the surface of esophageal mucosa
(Figure 2). The immunoreactivity for TNF- in M21 group
was stronger than that in M7, M14 and the control subgroups
(P<0.01), but there was no difference between M7 and M14
(P>0.05) (Table 4).

21 d

Model

23.82±1.83

20.90±3.27

20.68±2.27

Control

11.61±0.86

11.43±1.55

11.87±0.79

Table 4 COD value of TNF -positive products in the lower esophagus
(mean±SD)
Group

Esophageal morphometric analysis
Number of veins in submucosa The number of submucosal
veins in the three model subgroups (M7, M14, and M21) was
significantly higher than that in the corresponding control
subgroups (C7, C14 , and C21 ) (P<0.01), but there was no
difference between model subgroups (P>0.05) (Table 2).

Table 2 Number of veins in the esophageal submucosa (n = 10)
(mean±SD)
Group

7d

14 d

21 d

Model

9.3±1.6

11.1±0.8

11.7±1.5

Control

5.1±0.8

5.4±1.3

5.2±1.1

7d

14 d

21 d

Model

1.14±0.38

1.20±0.25

2.23±0.30

Control

1.06±0.27

1.04±0.26

1.13±0.28

Expression of VEGF
The VEGF-immunoreactive brown-colored deposits were
mainly located in the endothelia of submucosal vessels, and
were also seen in the muscularis mucosa and propria
(Figure 2). The immunohistochemistry staining intensity for
VEGF in M21 group was stronger than that in M7, M14 and
the control subgroups (P<0.01), but there was no difference
between M7 and M 14 (P>0.05) (Table 5).

Table 5 COD value of VEGF-positive products in the lower esophagus
(mean±SD)

Total vascular area in submucosa The total vascular
area in the three model subgroups (M7, M14 , and M21) was
significantly higher than in the corresponding control
subgroups (C7, C14, and C21) (P<0.01). There was no difference
in total vascular area between M 14 and M 21 (P>0.05), and
it was significantly higher in both than that in M 7 (P<0.05)
(Figure 1, Table 3).

Table 3 Total vascular area in the esophageal submucosa (m2, n = 10)
(mean±SD)
Group

7d

14 d

Model

78 972.6±3 527.8 107 207.5±4 6461.4

Control

12 993.5±4 994.8

11 862.6±5 423.2

21 d
110 241.4±49 262.2
11 973.7±3 968.5

Group

7d

14 d

21 d

Model

0.67±0.35

0.65±0.18

1.65±0.38

Control

0.50±0.24

0.53±0.25

0.56±0.30

DISCUSSION
In our study, a prehepatic portal hypertensive rat model
was created, and the rats in model group developed more
submucosal vessels than in the control. On the 14th d and
the 21 d after the complete portal ligation, the portal pressure
and the vascular area were stabilized basically; so we conclude
that 7 d after the complete portal ligation should be
considered the early stage, whereas 14 and 21 d, the
persistent stage, in the development of esophageal varices.
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A
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B

Figure 2 VEGF and TNF- immunoreactive staining in the lower esophagus of portal hypertensive rats. A: VEGF-immunoreactive staining in
M21 group, and positive staining mainly located in the endothelia of submucosal vessels of the lower esophagus. (× 200); B: TNF- immunoreactive staining in M21 group, and positive staining mainly located on the surface of the lower esophageal mucosa. (×100).

TNF- was first identified as an endotoxin-induced
serum factor that can cause necrosis of tumors, by Carswell
et al[31] in 1975, and this multifunctional cytokine can increase
vascular permeability and cause both structural and
metabolic changes in vascular endothelial cells[33]. Our results
showed that overexpression of TNF- was only detected
in M21 group, and the positive immunostaining areas were
mainly in the surface of esophageal mucosa rather than
submucosal vessels. Though other studies suggested that
TNF- can cause the overexpression of NOS and ET-1 in
portal hypertensive gastric mucosa, our results showed that
the overexpression of NOS and ET-1 was even earlier than
TNF- (data not shown). All findings indicated that TNF-
produced in local esophagus may play an important role at
the persistent stage in the development of esophageal varices
via other pathway instead of NOS and ET-1 pathway, and
the pathogenesis of esophageal varices may be different
from the portal hypertensive gastropathy (PHG). On the
other hand, as an inflammatory factor, the overexpression
of TNF- in the surface of esophageal mucosa may
increase mucosal susceptibility to injury, but its function in
local portal hypertensive esophagus remains to be clarified.
VEGF was first described by Senger[34] in 1983 who
partially purified a factor secreted by hepatocarcinoma cell
lines that increased dye extravasation into the skin of guinea
pigs. This peptide was also termed vascular permeability factor
(VPF) since it can increase interstitial accumulation of
intravenously injected dye and stimulate the production of
ascites[34,35], or termed vasculotropin based on its ability to
stimulate endothelial cell migration[36], and now this peptide
is referred to as VEGF. VEGF can stimulate endothelial
mitosis, migration and increase permeability of endothelial
monolayers by binding to the three different receptors[18] .
In our study, its expression in M21 group was stronger than
in other groups, which suggested that the synthesis of VEGF
was not an early accident in the development of esophageal
varices. Kroll et al[36] observed that the activation of VEGF
receptor-2 leads to an up-regulation of NOS protein.
Though we did not detect the expression of VEGF receptor2 in our study, our data showed the overexpression of NOS
in portal hypertensive esophagus, which seems not to be
activated by VEGF produced at local esophagus indicating
that the overexpression of NOS was earlier than VEGF
(data not shown). The late-stage increased VEGF can

probably cause edema of submucosal layer and lead varices
losing their surrounding support, consequently resulting in
the weakness of the esophageal wall and predisposes varices
to the rupture by inducing vascular hyperpermeability.
Interestingly, we also noticed the controversy that
whether a dilated submucosal vein plexus resulted from
passive opening of pre-existent vascular channels or from
the newly formed vessels. In our study, the model rats
developed more submucosal vessels than the control.
However, we only counted the vessels with diameter over
20 µm; there is always the possibility that the higher vessel
number could be attributed to the dilatation of pre-existent
veins not counted in the control group due to their small
size. Nevertheless, the total vascular area in M 14 and M 21
was significantly higher than M7, but there is no significant
difference in the number of vessels, which indicated the
majority of the dilatation of pre-existent veins in the early
stage of esophageal varices. In addition, whether the
overexpression of VEGF indicates the formation of new
vessels at late stage of esophageal varices, our acute model
cannot answer the question yet; however, it is more likely
there is the passive opening of pre-existent vascular channels
at early stage in the development of esophageal varices,
and de novo synthesis of new vascular channels may appear
at late stage.
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Abstract
AIM: To investigate the expression of p57kip2 and its
relationship with clinicopathology, PCNA and p53 in primary
hepatocellular carcinoma (HCC).
METHODS: Expression of p57 kip2 , PCNA and p53 in
tumor tissues from 32 patients with HCC and 10 liver
tissues of normal persons was detected with Elivision
immunohistochemical technique.
RESULTS: The p57kip2 protein positive-expression rate in
HCC was 56.25%, lower than that in normal tissues
(100%, P<0.05). The reduced expression of p57kip2 protein
correlated significantly with moderate or low differentiation
of tumor cells (P = 0.007 <0.05), high clinical stage
(P = 0.041 <0.05) and poor prognosis (P = 0.036 <0.05),
but did not correlate significantly with metastasis, tumor
size, level of AFP and age (P>0.05). The PCNA positiveexpression rate was 56.25%, which was correlated
significantly with the expression of p57kip2 (P = 0.025<0.05).
The p53 positive-expression rate was 46.88%, which was
not correlated significantly with the expression of p57kip2
(P>0.05).
CONCLUSION: There is a marked loss or absence of
p57kip2 expression and high expression of PCNA in HCC,
which are involved in carcinogenesis and development of
HCC. The p57kip2 and p53 may induce apoptosis via different
mechanisms.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The damage of cell cycle is the crucial point in carcinogenesis
and development of HCC. Orderly progression of cell cycle
is controlled by the families of cyclins and cyclin-dependent
kinas (CDKs), which are restrictively counterbalanced by
CDK inhibitors (CDKIs). The p57kip2 was found by Matsuoka
and located at 11p11.5, which is included in the CIP-KIP
families. The structure of p57kip2 has partial homology with
p21 and p27, which harbors homologous CDK binding
domains or function of cyclin-CDK complexes and makes
cell cycle to arrest in G1 phase[1]. The p57kip2 has the function
of a tumor suppressor gene. The expression of PCNA has
an intimate relationship with cell proliferation[2]. The p53 is
an important gene to induce cell apoptosis and may have
osculation with p57 kip2 in function[3] . In this study, the
expression of p57kip2, PCNA protein and p53 in tissues of
HCC as detected with immunohistochemical Elivision
technique to investigate the roles of p57 kip2 , PCNA and
p53 in the genesis and progression of HCC.
MATERIALS AND METHODS
Materials
Thirty-two specimens of HCC and 10 normal liver tissues
as controls were collected from surgical resections
performed in the First Hospital of Xi’an Jiaotong University
from 2000 to 2002. Of the patients, 26 (81.25%) were
males and 6 (18.75%) were females and the mean age was
49.19±12.32 years (range, 29-77 years). All the patients were
confirmed to have HCC by the clinicopathological diagnosis.
According to the histological grading, three were at grade I,
14 were at grade II, 11 were at grade III and 4 were at
grade IV. All the specimens of HCC and normal liver tissues
were fixed in 100 mL/L buffered formalin, processed
routinely, embedded in paraffin and cut into 4-m-thick
sections, which were placed on poly-L-lysine-coated slides
for immunohistochemistry. In each case, all available
hematoxylin and eosin-stained sections were reviewed, and
representative blocks were chosen for further studies. Antihuman p57kip2 monoclonal antibody (57P06), anti-human
PCNA monoclonal antibody (PC10), anti-human p53
monoclonal antibody (MAB-0226) and Elivision kit were
supplied by Maixin-Bio Co., Fuzhou, China.
Immunohistochemical study (Elivision)
Slides were deparaffinized in xylene twice for 10 min,
dehydrated through graded ethanol to distilled water for
5 min, respectively. Endogenous peroxidase activity was
blocked with 3% hydrogen peroxidase for 20 min. Slides
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were heated in 0.01 mol/L citrate buffer (pH 6.0) at a high
temperature and high pressure for 7 min for antigen retrieval.
After cooled to room temperature, the sections were
incubated for 20 min in a blocking solution containing 10%
normal goat serum in PBS [0.01 mol/L phosphate (pH 7.4)]
and incubated with anti-human p57kip2 monoclonal antibody
(work quality) in a humidified chamber at 4 ℃ overnight.
While the sections with anti-human PCNA monoclonal
antibody and anti-human p53 monoclonal antibody (1:50,
Santa Cruz Biotechnology, CA, USA) were incubated for
1 h at 37 ℃, incubated for 40 min with goat anti-rabbit
IgG conjugated to horseradish peroxidase (Santa Cruz
Biotechnology). The 3,3’-diaminobenzidine was used as
chromogen for 3 min. Slides were counterstained for
2 min with hematoxylin solution and differentiated for 3 s
with hydrochloric acid alcohol, then dehydrated and cover
slipped. Normal liver tissue was regarded as a positive
control, whereas the primary antibody was replaced by PBS
as a negative control.
Value of score
The cells with brown-yellow granules in the nuclei or
cytoplasm were taken as p57kip2 positive cells, and the mean
of 10 visual fields on each slide was counted. The extent
of positivity was graded as follows: 0, <10%; 1, 10-25%; 2,
25-50%; 3, 50-75%; 4, >75% of the hepatocytes. The
intensity was evaluated as follows: 0, negative; 1, weak; 2,
moderate; 3, strong. The score was obtained by multiplying
the extent and the intensity of positivity. The slides were
distinguished as negative (-), positive (+), strong positive
(++) and strongest positive (+++) when the score was <2,
between 3 and 5, 6 and 8, and >9, respectively. The cells
with brown-yellow granules in the nuclei were taken as PCNA
and p53 positive cells. The slides were distinguished as
negative (-), and positive (+) when the count of positive
cells was less than 50% and over 50% for PCNA and p53,
respectively.
Statistical analysis
Fisher’s exact test and Spearman correlation (SPSS 11.0
for Windows) were adopted to assess the association between
p57 kip2 expression and clinicopathology, PCNA and p53.
P<0.05 was considered statistically significant.

RESULTS
p57kip2 expression in HCC and normal tissues
The p57kip2 protein was located in the nuclei or cytoplasm
of normal liver cells and the HCC cells with brown-yellow
granules (Figures 1, 2). The p57kip2 protein positive-expression
rate in tumor tissues of HCC was 56.25% (18/32), which
was lower than that (100.0%) in the normal liver tissues
(P<0.05).
Relationship between p57kip2 and clinicopathology
The p57kip2 protein positive-expression rate in moderate or
poorly differentiated group was 20.0%, being lower than
that (88.24%) in well-differentiated group (P = 0.007). In a
word, the lower the cancer cells were differentiated, the
higher the rate of p57kip2 protein was reduced. In addition,

February 28, 2005

A

Volume 11

Number 8

B

Figure 1 Positive p57kip2 expression in normal hepatocytes and
well-differentiated carcinomas. A: Positive p57kip2 expression in normal hepatocytes (20×); B: Positive p57kip2 expression in well-differentiated carcinomas (40×).

Figure 2 Negative p57kip2 expression in moderately or poorly differentiated carcinomas and positive expression of p57kip2 in adjacent
liver tissues (20×).

Table 1 Relationship between p57kip2 and pathological indexes
p57kip2 protein expression
Characters
–
Histological grade
I-II
2
III-IV
12
Clinical stage
I-II
5
III-IV
9
Age (yr)
<45
2
≥45
12
AFP (g/L)
<400
7
≥400
7
Tumor size
<5 cm
4
≥5 cm
10
Local metastasis
Yes
7
No
7
Survival time
<1 year
11
≥1 year
3

Positive
rate (%)

+

++

+++

4
0

5
3

6
0

88.24a
20.00a

2
2

6
2

5
1

72.22 c
35.71 c

2
2

5
3

3
3

83.33
40.00

3
1

5
3

6
0

66.67
36.36

3
1

3
5

3
3

69.23
47.37

2
2

4
4

4
2

58.82
53.33

0
4

4
4

3
3

38.89 e
78.57 e

a
P<0.05 vs poorly differentiated group; cP<0.05 vs high clinical stages; eP<0.05
vs poor prognosis.

the reduced p57 kip2 expression showed a significant
relationship with higher clinical stages (stages III and IV,
P = 0.041) and poor prognosis (<1 year, P = 0.036).
However, no relationship was found between p57 kip2 and
age, level of AFP, tumor size and local metastasis (Table 1).

Nan KJ et al. p57kip2 in primary hepatocellular carcinoma

Figure 3 Highly positive expression of PCNA in tumor tissue of HCC
and low expression of PCNA in adjacent liver tissues (40×).

Figure 4 Positive expression of p53 in HCC tissue (40×).

Relationship of p57kip2, PCNA and p53
PCNA was located in nuclei of HCC cells with brownyellow granules (Figure 3). The p53 was located in nuclei
of positive HCC cells with brown-yellow granules (Figure 4).
The results suggested that the PCNA positive-expression
rate was higher in HCC tissue (56.25%) than that in the
normal liver tissues (30%) and the p53 positive-expression
rate was lower in HCC tissue (46.88%) compared with that
in the normal liver tissues (80%, P<0.05).
The p57 kip protein positive-expression rate in tumor
tissues of PCNA positive-expression group was 38.39%,
and was 78.39% in tumor tissues of PCNA negativeexpression group. There was a significant relationship
between the two groups (r = 0.397, P = 0.025). The p57kip2
protein positive-expression rate in tumor tissues of p53
positive-expression group (66.67%) was higher than that in
tumor tissues of p53 negative-expression group (47.03%).
But there was no significant relationship between the two
groups (r = 0.197, P = 0.279) (Table 2).
Table 2 Relationship between p57kip2 , PCNA and p53
p57kip2 Protein expression
Characters
PCNA
–
+

-

+

++

+++

3

3

3

5

11

1

5

1

9
5

1
3

5
3

2
4

p53
–
+
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DISCUSSION
The G1-phase regulation of cell cycle was a complex process
in which multiple factors took part, and abnormality of cell
cycle regulation was significantly correlated with the genesis
and progression of tumors[4].
The p57 kip2 gene is located on chromosome 11p15.5
and p57kip2 protein is a cell cycle inhibitor with a molecular
weight of 57 kDa, which is included in the CIP/KIP family
and similar to p21 and p27 protein in functions. The p57kip2
contains three structural domains: N-terminal region bearing
homology with CDK-inhibitors p21 (CIP1) and p27 (KIP1),
a central proline-rich domain, and a C-terminal region (QT
domain) shared with p27KIP1. The proline-rich domain included
clusters of alternating proline-alanine residues (PAPA-repeats)
that were hypothesized to mediate specific protein-protein
interactions required for the p57kip2 function[5,6]. The tumor
suppressor mechanism of p57kip2 protein might be integrated
with cyclin-CDK complexes including E-CDK2, D2-CDK2
and A-CDK2, making cell cycle to arrest in the G1 phase[7].
In many CDKIs, only p57kip2 was essential for the embryo
formation and played an important role in proliferation,
movement, transfiguration, differentiation and other
complicated processes[8] . The mice of p57 kip2 knockout
developed a series of abnormalities, high rate of tumor
occurrence and high mortality, suggesting that p57kip2 might
participate in cell proliferation and differentiation[9].
Paternal alleles of p57kip2 were imprinted, maternal alleles
of p57kip2 were normally expressed and loss of imprinting
and imprinting mistakes of p57kip2 led to decreased level of
gene expression leading to carcinogenesis and development
of tumors[10]. It is the first gene that is regulated through
imprinting. As a tumor suppressor and regulator of growth,
this expression mode of p57 kip2 increased the risk of
abnormalities and cancers[11] . Several types of childhood
tumors, including Wilms’ tumor, adrenocortical carcinoma,
rhabdomyosarcoma and hepatocellular carcinoma, display
a specific loss of maternal 11p15 alleles, suggesting that
genomic imprinting plays an important part[8]. A few studies
about p57kip2 protein expression in human esophageal cancer,
gastric cancer, colorectal carcinoma, epithelial ovarian tumor,
breast cancer, neoplastic thyroid tissues and extra hepatic
bile duct carcinoma and intrahepatic cholangiocellular
carcinoma have been reported[12-19] , but the relationship
between p57 kip2 protein expression and HCC was less
reported. In this study, we found that the p57 kip2 protein
positive-expression rate in HCC tissues was significantly
lower than that in normal liver tissues, suggesting that loss
of p57 kip 2 expression correlated with malignant
transformation of hepatocytes. The high loss rate of p57kip2
was also found by Nakai[20] and the occurrence rate of tumor
was increased after p57 kip2 gene was knocked out. There
was a significant correlation between the p57 kip2 positiveexpression and histological grade of HCC (P = 0.007), the
poorer the cancer cells were differentiated, the lower the
expression of p57 kip2 in tumor tissues was. There was a
significant correlation between well-differentiated and poorly
differentiated HCC (P<0.05), showing that the inactivation
of p57 kip2 could occur at early stage of hepatocytes
transformation, leading to decrease of p57 kip2 protein
expression, and p57 kip2 negative-regulation function and
resulting in hepatocytes over-proliferation. It suggested that
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expression of p57kip2 was negatively correlated with clinical
stage and that p57 kip2 protein negative-expression may
indicate a poor prognosis. In our statistical analysis, we found
that there was a significant relationship between p57 kip2
protein expression and prognosis. The p57kip2 protein was
more highly expressed in tumors with a good prognosis,
compared with tumors with a poor prognosis.
PCNA was an assistant factor of DNA synthetase delta,
it took part in DNA biological synthesis and regulated cell
cycle and cell proliferation by a tetramer with cyclin, CDK
and p21. The amount of PCNA could reflect the
proliferating activity of cancer cells, and could be regarded
as the index of proliferation[21]. Over-expression of PCNA
was associated with a variety of tumors of the digestive
system. Our results showed that the PCNA positiveexpression rate was higher in HCC tissue than that in normal
liver tissues and the p57kip2 protein positive-expression rate
was lower in PCNA positive tissues than that in PCNA
negative tissues (P<0.05), suggesting that PCNA had a high
positive-expression in HCC and cell proliferating activity
was high in tumor tissues with negative or reduced expression
of p57kip2 protein. It was proved that p57kip2 could interact
with PCNA, and p57 kip2 could block by DNA replication
via suppressing the function of PCNA as a tumor suppressor.
It has been found that p53 is an important apoptosis
gene and its mutation induces cell-cycle dysregulation.
Fifty percent of human tumors with p53 mutation had
abnormality of DNA check. The HCCs with p53 mutation
had a high malignant potential, and p53 mutation in the
primary lesion could be used as an indicator for the biological
behavior of recurrent HCCs, and as an independent
prognostic factor affecting survival after recurrence, but
DNA check had no p53-dependent mechanism. Our results
showed a positive relationship between p57kip2 and p53, but
without statistical significance. Hong stimulated hepatocytes
with low-dose thioacetamide (TA) and found p57 kip2
increased to a peak level at d 2 but p53 increased to a peak
level at d 3, showing that p57kip2 arrested cell cycle in the S
phase but p53 arrested cells in G1 phase. It has been proved
that p53 expression is reduced in HCC, but p57 kip2 can
directly combine with CDK-cyclins via non-p53-dependent
mechanism to suppress CDKs and differs from p21 which
blocks cell cycle via p53-p21-CDKs-cyclins path.
In summary, the reduced expression of p57kip2 and the
high expression of PCNA are involved in carcinogenesis
and development of HCC. The p57kip2 and p53 can induce
apoptosis by different mechanisms.
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Abstract
Nonspherocytic hereditary anemias are occasionally
accompanied by significant iron overload but the
significance for the development of chronic liver disease
is not clear. We described two cases of patients with
chronic liver disease and severe iron overload due to
chronic hereditary hemolysis. Both patients have had signs
of liver cirrhosis and severe hemolysis since childhood. A
hereditary pyruvate kinase deficiency (PKD) was
discovered as the underlying reason for the hemolysis.
Sequencing of the pyruvate kinase gene showed a
mutation within exon 11. Liver histology in both patients
revealed cirrhosis and a severe iron overload but primary
hemochromatosis was excluded by HFE-gene analysis.
An iron reduction therapy with desferrioxamine led to
significant decrease of serum ferritin and sustained clinical
improvement. PKD-induced hemolysis may cause severe
iron overload even in the absence of HFE-genotype
abnormalities. This secondary iron overload can lead to
chronic liver disease and cirrhosis. Therefore, the iron
metabolism of PKD patients has to be closely monitored
and iron overload should be consequently treated.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hereditary hemolytic anemia is classified as spherocytic
anemia and nonspherocytic anemia. Spherocytic hemolytic
anemia is based on an impairment of the erythrocyte membrane
or mutations of integral compounds or the hemoglobin
molecule. Nonspherocytic hemolytic anemia is caused by a

functional defect of particular enzymes of the erythrocellular
glucose metabolism, namely the glycolytic cascade. Since,
glycolysis is the only way for mature erythrocytes to generate
ATP, inhibition of this pathway results in disturbance of
the erythrocellular energy metabolism and, ultimately,
hemolysis[1].
Here, we report two cases of patients with severe, nonspherocytic hemolytic anemia caused by hereditary pyruvate
kinase deficiency (PKD). The chronic hemolysis led to
secondary hepatocellular iron overload and subsequently
liver cirrhosis. These results suggest a consequent control
of the iron metabolism and the liver function in patients with
PK deficiency and, if necessary, an iron reducing therapy.

CASE REPORT
Case 1
A 56-year-old male patient (patient 1) with severe abdominal
pain, fever, nausea and emesis was admitted to the
emergency room. In addition, the patient had stigmata of
chronic liver disease such as icterus, spider naevi, dilated
abdominal subcutaneous veins and ascites. The clinical
picture and an abdominal ultrasound examination suggested
advanced liver cirrhosis and acute cholecystitis in the
presence of gallstones. Laboratory parameters at admission
confirmed severe inflammation. A significant iron overload,
as indicated by high serum iron and ferritin and siderinuria,
was found. Bilirubin was high and the liver function
parameters (cholinesterase, prothrombin time and albumin)
were significantly altered. However, further differentiation
of the elevated bilirubin revealed that the major proportion
was indirect bilirubin (>70%). In conjunction with an elevated
lactat-dehydrogenase (LDH 450 U/L) this was suggestive
for hemolysis. Concomitantly, the patient had anemia
(hemoglobin 9.4 mg/dL) with significantly stimulated
erythropoiesis, as demonstrated by the elevated reticulocyte
count of 21% (Table 1).
The patient reported the first onset of icterus at the age
of 12. At that time the spleen was removed and he had
significant and long-term improvement of the clinical situation.
Importantly, the patient revealed a positive family history
with a brother (patient 2) who suffered from chronic hemolysis
as well. Therefore, further efforts attempting to clarify the
etiology of the hemolytic anemia focused on the hereditary
hemolytic syndromes. Normal hemoglobin electrophoresis
and negative testing for sickle cell disease excluded hemoglobin
abnormalities and no sphero or elliptocytosis was found.
Osmotic resistance of the red blood cells was normal.
However, examination of intracellular erythrocyte enzymes
revealed a massively decreased activity of pyruvate kinase
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(3.5 U/10 11 erythrocytes; normal: 17.1-26.5), while the
activities of glucose-6-phosphate dehydrogenase, hexokinase
and glutation reductase were normal. This finding led to
the diagnosis of hereditary PKD.
After the antibiotic pretreatment, open cholecystectomy
was performed. The gallbladder was severely inflamed and
the intraoperative inspection and palpation of the liver were
suggestive for liver cirrhosis. The liver was biopsied and
histology confir med advanced periportal bridging.
Furthermore, a severe iron overload of hepatocytes and
biliary epithelial cells was present, suggestive for genetic
hemochromatosis (Figure 1). However, analysis of the HFEgenotype revealed no mutations and other chronic liver
diseases, such as alcohol, viral, or autoimmune-related hepatitis
and biliary diseases were excluded. Since a causal treatment
of PKD is at present not available, an iron-chelating therapy
with subcutaneous administration of desferrioxamine twice
a day[2] was initiated. Despite a significant stabilization of
the clinical condition under therapy (no ascites was found
in follow-up visits after 3, 6 and 12 mo) and in view of the
advanced stage of the liver cirrhosis (Child-Pugh Score 9),
the patient was evaluated and recommended for liver
transplantation. Unfortunately, he refused transplantation
and conser vative therapy with desferrioxamine was
continued. Unexpectedly, liver function is to date stable for
more than 3 years.
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(reticulocyte count of 22‰). Pyruvate kinase activity was
even lower in this patient than in the older brother. The
definitive confirmation of the congenital defect in both
patients was now performed by sequence analysis of the
pyruvate kinase gene within chromosome 5. A mutation of
a single base at position 1 529 within exon 11 of this gene,
with substitution of guanine (G) by adenosin (A) was evident
(Figure 2). On the amino acid level this mutation could cause
an exchange of arginine 510 into glutamate. This patient
also had elevated liver enzymes but, in contrast to the older
brother, he had no clinical signs of cirrhosis and his liver
function was completely normal. There was no evidence
for alcoholtoxic, viral or autoimmune hepatitis or an
underlying biliary disease. However, iron metabolism
parameters with high serum iron and ferritin were in a similar
range as in his older brother, indicating massive iron overload.
Liver biopsy confirmed the severe hepatocellular iron
overload, and revealed furthermore advanced periportal
bridging (Figure 1). This patient showed a markedly reduced
ejection fraction in echocardiography, indicating iron-induced
toxic cardiomyopathy. An iron chelating therapy with
desferrioxamine was initiated and complemented by
phlebotomy with a bimonthly withdrawal of 500-mL blood.
In both patients, the iron reducing therapy led to a significant
reduction of iron and ferritin over the next 12 mo (Figure 3).
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Case 2
The diagnosis of PKD prompted us to examine the younger
brother of the patient, who had a very similar medical history
of the development of icterus and concomitant splenectomy
during childhood. His actual laboratory parameters are
shown in Table 1 (patient 2). The bilirubin elevation in this
patient was caused solely by hemolysis, since direct bilirubin
proportion was within the normal range (0.7 mg/dL).
Correspondingly, all other hemolysis parameters were
elevated and erythropoiesis was significantly stimulated

Ferritin (mg/dL)

Figure 1 Liver histology of two patients with hereditary corpuscular hemolysis. Liver biopsies from patient 1 and 2 were fixed in
formaldehyde and embedded in paraffin following standard
protocols. Sections of 4-µm thickness were stained either with hematoxylin–eosin (HE-stain) or Perls Prussian Blue. Hepatic iron deposition was graded according to DiBisceglie.

Figure 2 Partial sequence analysis of the pyruvate kinase gene
(exon 11) in the patients described. Genomic DNA was prepared
from peripheral blood mononuclear cells (PBMC) and sequenced
according to standard protocols, applying [ 35 S] dATP during the
termination reaction and subsequent fluorography.
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Figure 3 D ecrease of iron ov erload in t he pat ient s under
desferrioxamine therapy. Iron metabolism was assessed by serum
ferritin concentration over a period of time of 30 mo.
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Table 1 Laboratory parameters of the described patients at admission
Liver inflammation
and function

Normal

Patient 1

Patient 2

ALT (GOT),

5–20 U/L

30 U/L

31 U/L

AST (GPT)

5–25 U/L

39 U/L

41 U/L

-GT
Alkaline phosphatase

5–30 U/L
<180 U/L

41 U/L
224 U/L

61 U/L
219 U/L

Prothrombin time

70–110%

48%

102%

1.43

0.99

INR
Albumin
Cholinesterase

(3.6–5.0 g/dL)
(3.5–7.0 kU/L)

2.9 mg/dL
2.1 kU/L

4.4 mg/dL
4.8 kU/L

C-reactive protein

<0.7 mg/dL

10 mg/dL

0.5 mg/dL

Erythrocyte morphology

anisocytosis,

macrocytosis,

poikilocytosis,
acanthocytosis

anisocytosis,
poikiLocytosis

Blood count, parameters of hemolysis and iron metabolism
· WBC

(3–10/nL)

24 /nL

13 /nL

· Hemoglobin

(13.5–-16 g/dL)

9.2 g/dL

11.5 g/dL

· Free hemoglobin

(35–-65 mg/dL)

150 mg/L

115 mg/L

· Total bilirubin
· Direct bilirubin

(0.4–-1.0 mg/dL)
(0.2–-0.5 mg/dL)

8.3 mg/dL
1.7 mg/dL

7.6 mg/dL
0.8 mg/dL

· Haptoglobin

(<0.23 g/L)

< 0.233 g/L

< 0.233 g/L

· Lactat-dehydrogenase (10–-150 U/L)

450 U/L

375 U/L

· Reticulocytes
· Ferritin

21 %
1850 ng/mL

22 %
1620 ng/mL

0.5 mg/24 h

0.3 mg/24 h

· Urine iron excretion

(<1%)
(15–630 ng/mL)

DISCUSSION
The diagnosis of PKD in both cases was confirmed by
sequence analysis of the PK gene, which revealed a single
nucleotide mutation (G to A) in the PK gene within exon
11 at position 1 529. Together with the glucose-6-phosphatedehydrogenase (G6PD) deficiency, PK deficiency is the most
common type of hereditary enzyme defect within the
glycolytic pathway causing nonspherocytic anemia[3,4]. The
point mutation detected in our 2 patients (G1529A) is one
of the most frequent mutations within the western European
population[5-7]. The remaining activity of PK in patients
carrying this mutation has been reported to be 10-25% and
reticulocytosis varies from 5% to 66%[7]. The disease shows
a broad range of clinical severity, which is loosely correlated
to the impairment of hematological parameters: The lower
the residual PK activity and the higher the reticulocyte count,
the more the patients are affected[7,3]. Since PK catalyzes
the final step within the glycolytic pathway (phosphoenolpyruvate→pyruvate), a decreased activity results in
alterations of the erythrocellular energy metabolism.
Subsequently, the activity of the membrane associated
sodium-potassium ATPase is impaired, leading to instability
of red blood cells[8].
A main clinical feature in the two PKD patients, examined
in this study, is a considerable iron overload. The iron
overload is independent of transfusion therapy. In the liver
tissue, the iron overload includes hepatocytes and even
biliary epithelial cells. Since this histological pattern correlates
to genetic hemochromatosis, the HLA phenotype and the
commonly known mutations in the hereditary hemochromatosis
(HFE)-gene (C282Y and H63D) were examined. The
possibility of a coincidence of both diseases seems not unlikely,
since 2-20% of the European population have mild
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alterations of the iron status associated with heterozygosity
for the main hemochromatosis mutation (C282Y), while a
much higher proportion carry the H63D mutation. A recent
study revealed abnormalities of the HFE-gene in 35% of
nontransfused patients with PKD and these abnormalities
coincide with increased serum iron and ferritin[9]. However,
in our patients heterozygosity for genetic hemochromatosis
was ruled out by a normal HFE-genotype.
In addition to heterozygosity for hemochromatosis,
splenectomy has been reported to be an independent risk
factor for iron overload in hemolytic diseases[10,11]. While
the increased iron turnover is the basis for the iron overload in
PKD[9,12], it alone is not sufficient to cause iron accumulation
in this disease[9,12]. Since both of our patients underwent
splenectomy during childhood, this circumstance was considered
as a main contribution to the significant iron overload they
had. It is well accepted, that primary and secondary iron
overloads have prefibrogenic effects within the liver tissue,
by sustained induction of oxidative stress[13,14]. As in our patients,
the level of the liver transaminases may only be marginally
elevated, since the iron-induced chronic inflammation is often
of very low activity, but nevertheless results in progressive
fibrosis[13] . Independent of the pathogenesis, liver iron
concentration must exceed a critical threshold, which has
been suggested to be around 350-400 µmol/L/g, in order
to cause hepatocellular damage[15,16]. Above this threshold,
the secondary iron overload (e.g.,due to hemolytic disease)
may have the same deleterious effects as the primary iron
overload in genetic hemochromatosis.
Taken together, it becomes obvious that the clinical
symptoms of the patients described in this study, are all
based on the PKD in association with the splenectomy.
Under this circumstance, chronic hemolysis is capable of
causing significant iron overload, which in turn is responsible
for the liver and cardiac disease of both patients. The
pathophysiological importance of iron overload in these
patients was also demonstrated by the effectiveness of the
iron chelating therapy, which led to a significant decrease
of serum ferritin and a stable liver function for more than
3 years. In addition to the iron overload, PKD-induced
hemolysis is responsible for the abdominal symptoms of
the elder patient (case 1). The chronic excess of bilirubin
obviously altered the solvent properties of the bile, resulting
in cholelithiasis, presumably consisting of bilirubin stones.
The stones caused cholecystitis, perhaps combined with
acute or chronic cholangitis. After cholecystectomy, these
associated symptoms such as fever and abdominal pain
relieved completely. Histological examination of gallbladder
and the gallstones after surgery confirmed these clinical
suspicions.
In summary, this study demonstrates that PKD-induced
hemolysis in conjunction with splenectomy may cause severe
iron overload even in the absence of HFE-genotype
abnormalities. The secondary iron overload may lead to
chronic liver disease and cirrhosis. Unfortunately, a sufficient
causal therapy for PKD is at present not available, although
new therapeutic strategies are under evaluation. The most
promising gene therapeutic approaches may be either
transplantation of heterologous hematopoietic stem cells[17]
or the reinfusion of autologous stem cells after correction
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of the PK gene sequence in the stem cell DNA in vitro[18] .
Until such therapies become available, we suggest a close
monitoring of the iron metabolism of PKD patients and a
consequent treatment of iron overload.
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Abstract
AIM: Clostridium difficile infection is primarily a nosocomial
infection but asymptomatic carriers of Clostridium difficile
can be found in up to 5% of the general population.
Ampicillin, cephalosporins and clindamycin are the
antibiotics that are most frequently associated with
Clostridium difficile-associated diarrhea or colitis. Little is
known about acute renal failure as a consequence of
Clostridium difficile-associated diarrhea.
METHODS: In this case report, we describe the course of

Clostridium difficile-associated diarrhea in an 82-yearold patient developing acute renal failure. Stopping the
offending agent and symptomatic therapy brought a rapid
improvement of diarrhea and acute renal failure, full
recovery was gained 18 d after admission. In a systematic
review we looked for links between the two conditions.
RESULTS: The link between Clostridium difficile-associated
diarrhea and acute renal failure in our patient was most
likely volume depletion. However, in experimental studies
a direct influence of Clostridium difficile toxins on renal
duct cells could be shown.
CONCLUSION: Rapid diagnosis, nonspecific supportive
treatment and specific antibiotic treatment, especially in
the elderly, may lower excess mortality Clostridium
difficile -associated diarrhea and renal failure being
possible complications.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Clostridium difficile-associated diarrhea is more common in
the hospital setting. A recent study found toxins of Clostridium
difficile in 18% of inpatients and in 58% of inpatients with
unexplained leukocytosis[1,2]. Overall mortality of patients
with hospital-acquired Clostridium difficile-associated diarrhea
was reported to be 15%[1]. However, toxins of Clostridium
difficile have also been found out of hospital in 5% of fecal
specimens of the asymptomatic general population [3].
Overall mortality of elderly patients admitted to an intensive
care unit with the diagnosis of acute renal failure was
reported to be 61%[4]. Clostridium difficile-associated diarrhea
and acute renal failure are both well-recognized conditions
but rarely occur together. The clinical course may be more
severe and mortality increased particularly in the elderly
population. Both conditions are reversible by relatively
simple measures provided an early diagnosis is made. The
clinical work-up and outcome of an 82-year-old man,
suffering from acute renal failure due to preclinical-acquired
Clostridium difficile-associated diarrhea, is presented.
Epidemiology, diagnostics and standards of treatment are
critically reviewed in line with current literature.
CASE REPORT
An 82-year-old man presented, in poor but stable general
condition, to the local emergency department of a tertiary
care university hospital with typical signs of gastroenteritis
lasting for 5 d. His medical history included non-insulindependent diabetes mellitus since 10 years, two myocardial
infarctions 1 year ago, cerebrovascular occlusive disease
treated with carotid endarterectomy 2 years ago and pulmonary
embolism 4 years ago. Initially, he had presented to his
general practitioner with abdominal pain lasting for a few
days. Considering his complex medical history his general
practitioner put him on amoxicillin/clavulanate potassium.
Because the symptoms did not improve during the following
days and his general condition started to deteriorate, the patient
called the ambulance and he was brought to the hospital. On
examination the patient’s blood-pressure was 115/85 mmHg
(15/11 kPa), his pulse rate 60 beats/min, he was dehydrated
but afebrile. Laboratory examinations showed highly elevated
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plasma urea (41 mmol/L, normal range 2.5-6.7 mmol/L)
and creatinine levels (1149.2 µmol/L, normal range 70150 µmol/L) (Figure 1). Serum levels of electrolytes, white
blood cell count and CRP were within normal range (CRP
under 1 mg/dL, WBC 4.3-10.8×109/L) (Figure 2), and fibrinogen
was only slightly increased (6 g/L, normal range 1.80-3.90 g/L).
Prerenal acute renal failure was assumed as primary working
diagnosis because of dehydration due to prolonged diarrhea
and the patient’s long-term therapy with furosemide.
Diuretics were stopped; under continuous intravenous and
oral fluid replacement the patient’s general condition
improved. Prior to referral to a medical ward, stool cultures
were requested. During the following days white blood cell
count and acute phase proteins increased, indicating an
ongoing infection. Chest x-rays showed no signs of
pneumonia and blood cultures did not reveal bacteremia.
Stool specimen was positive for Clostridium difficile. The patient
was started on intravenous metronidazole 1.5 g/d. Three
days after onset of specific therapy, inflammatory markers
reached maximum levels (WBC 12 g/L, CRP 6 mg/dL)
and decreased in the further course (Figure 2), while plasma
urea and creatinine levels returned to normal (Figure 1).
Clostridium difficile toxins could not be detected in any
subsequent stool samples. Fully recovered, the patient
could be discharged from hospital, 18 d after initial
presentation.

Serum CRP concentration (mg/dL)
and WBC (×G/1)

Figure 1 Serum urea (----) and creatinine (—) levels over time of
hospital stay with the horizontal lines representing normal ranges
of urea (----) and creatinine (—). The arrow indicates start of specific
antibiotic treatment.
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DISCUSSION
Risk factors
Considering the high prevalence of Clostridium difficile
infections in the hospital setting, our patient may have been
infected during a previous hospital stay. But an acquisition
of infection out of hospital is not excluded. Because of his
old age and his comorbidities including non-insulin-dependent
diabetes mellitus, ischaemic heart disease, cerebrovascular
occlusive disease and pulmonary embolism, he certainly was
at risk to develop Clostridium difficile-associated diarrhea as
well as acute renal failure. Antibiotic-associated diarrhea as
a common course of infection with Clostridium difficile has a
broad spectrum of clinical manifestations ranging from mild
diarrhea to pseudomembranous colitis and fulminant colitis[5].
The risk factors that could be identified as associated with
severe disease (defined by a hospital stay of greater than
14 d, colectomy, intensive care unit admission or death of
patient) were age over 70 years, comorbid illnesses, and
recurrence of Clostridium difficile-associated diarrhea[6]. Acute
renal failure is characterized by an abrupt decline in renal
function resulting in an inability to excrete metabolic wastes
and maintain proper fluid and electrolyte imbalance[7].
Prerenal acute renal failure together with intrarenal acute
renal failure due to ischaemia and nephrotoxins are responsible
for most episodes of acute renal failure[8]. Common causes
of prerenal failure are volume depletion as a result of
diarrhea, reduced fluid intake, fever, diuretics, or heart
failure. Elderly patients are particularly susceptible to prerenal
failure because of their predisposition to hypovolaemia and
high prevalence of renal-artery atherosclerotic disease[9].
Developments of the diagnosis of Clostridium difficileassociated diarrhea
The diagnosis of Clostridium difficile-associated diarrhea was
confirmed by ELISA testing for enterotoxin A and B. The
diagnosis of an infection with Clostridium difficile can be made
either by testing for toxin A or B (ELISA and cytotoxin
assay), bacterial enzymes (Latex agglutination test) or by
bacterial culture. Bacterial culture is highly sensitive and allows
bacterial strain typing, but also takes 2-5 d to perform[5]. Latex
agglutination tests are fast and inexpensive and have
improved in sensitivity in the past few years[10].
Treatment
For our patient, intravenous and oral fluid replacement therapy
in addition to the appropriate antibiotic agent brought a
rapid improvement in his condition. In fact both diseases
share the same principles of nonspecific treatment (Table 1, 2).
Reversing the underlying cause is the first and most beneficial
measure. In Clostridium difficile infection it is discontinuation
of offending antibiotic treatment, in acute renal failure it may
be stopping a nephrotoxic agent or treating diarrhea. Further
important measures in both diseases are replacing
intravascular volume and correcting electrolyte abnormalities.

0
1

3

5

7

9 11 13 15 17 (d)

Figure 2 White blood cell count (----) and serum CRP levels (—) over
time of hospital stay with horizontal lines representing normal
ranges of white blood cell count (----) and CRP (—). The arrow indicates start of specific antibiotic treatment.

Clostridium difficile and antibiotics
In our case, amoxicillin/clavulanate potassium seemed to
have initiated deterioration of first mild gastrointestinal
symptoms. The development of Clostridium difficile-associated
diarrhea and pseudomembranous colitis, however, is not
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restricted to certain antibiotics. The ones that are most
frequently associated are ampicillin, cephalosporins and
clindamycin. If patients require antibiotics, another way of
treating them is changing to an agent that has less frequently
been associated with the disease[5]. First line agents for the
treatment of symptomatic Clostridium difficile infection include
oral vancomycin or metronidazole. A recent study,
investigating resistance of Clostridium difficile strains to
different antibiotics found no evidence that the most
common human strains were resistant to vancomycin or
metronidazole while all strains were resistant to cefoxitin
and most strains resistant to ceftriaxon[11].
Table 1 Treatment of acute renal failure[7]
Reverse underlying causes
Return intravascular volume and mean arterial pressure to normal
Correct electrolyte imbalances
Treat hyperkalaemia and acidosis with inhaled beta-agonists,
insulin/glucose, sodium bicarbonate, binding resins (sodium polystyrene
sulfonate)
Discontinue or avoid nephrotoxins
Adjust doses of medications that are eliminated by the kidney or by dialysis
Initiate renal replacement therapy in case of volume overload,
hyperkalaemia, metabolic acidosis refractory to medical treatment
Obtain nephrologic consultation as soon as possible
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membrane[15] . Cell death cells plays a major role in acute
renal failure and it could be observed that toxins of
Clostridium difficile initiate. Whether these mechanisms
contribute to acute renal failure remain to be investigated.
In conclusion, our patient presented with a course of
Clostridium difficile-associated diarrhea followed by acute renal
failure. Under continuous volume replacement therapy and
specific antibiotics the patient’s general condition improved,
inflammatory markers, serum urea and creatinine rapidly
returned to normal and the patient could be discharged after
full recovery 18 d after admission. Both acute renal failure
and Clostridium difficile-associated diarrhea are potentially lifethreatening diseases in the elderly but may be reversed using
appropriate therapy. Keeping in mind a possible direct link
between these two serious diseases, this report once more
stresses the need for rapid diagnosis and specific treatment,
especially in the elderly, to prevent fatal outcome.
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Abstract
We report on a case of gossypiboma. A 78-year-old man
was admitted to our hospital with acute abdomen. He
had undergone an operation for colon cancer 4 mo previously.
Abdominal ultrasonography revealed an echogenic lesion
with a hypoechoic rim and strong posterior acoustic
shadowing in the lower abdomen. Diagnosis of gossypiboma
can be made by ultrasonography to avoid loss-of-chance of
survival. We reviewed the English literature briefly of
gossypiboma from the medical and juridical view. According
to the theory of loss-of-chance, the damage of plaintiff is
the loss of the chance of survival or recovery, rather than
the final harm. The victim would allow recovery for the loss
of the chance from the defendant. But the plaintiff would
show by a preponderance that he was deprived of a
betterchance of a cure. Under the proposed rule, the
compensable value of the victim would be the plaintiff’s
compensation for the loss of the victim’s chance of survival.

CASE REPORT
A 78-year-old man with a history of previous operation for
colon cancer was admitted with the chief complaints of acute
epigastric pain for several days. He was rather well until several
days before this admission when he experienced acute epigastric
pain and poor appetite intermittently. On arrival, his
consciousness was clear and vital signs were stable (blood
pressure: 120/60 mmHg, pulse rate: 72/min, respiratory rate:
18/min, and body temperature: 36.5 ℃). Physical examination
revealed no abdominal mass was felt. Results of rectal
examination were normal. An ultrasound scan of the abdomen
revealed an echogenic lesion with a hypoechoic rim and strong
posterior acoustic shadowing in the lower abdomen (Figure 1).
A plain x-ray of the abdomen revealed a long and fine opacity
over the right lower quadrant abdomen, some mottled small
air densities were superimposed on this area (Figure 2). Under
the impression of intraabdominal abscess, exploratory
laparotomy was performed. At laparotomy there was a focal
abscess in the right lower quadrant abdomen containing a
laparotomy gauze. The abscess cavity was irrigated and the
retained gauze was resected. The abdomen was drained and
closed. The postoperative period was uneventful.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Figure 1 Right intercostal sonogram obtained 4 mo after surgery
show a cystic mass with irregular internal components. Posteriorly,
the mass has strong acoustic shadowing.
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INTRODUCTION
Retained gauzes in the abdominal cavity are infrequent nowadays,
but they present a diagnostic problem even if radiopaque
threads and gauze double counts are used in the operation
room[1]. It can cause loss-of-chance of survival or recovery.
We will present an acute abdomen occurring 4 mo after
a gauze was left in the abdomen. Ultrasound examinations
proved helpful, and they are described in this report.

R

Figure 2 Plain roentgenogram of abdomen after abdominal
sonogram. Notice serpentine linear opacity over the right portion of
abdomen, some mottled hyperdensities are adjacent to this linear
opacity- all diagnostic features of a retained gauze.

Shyung LR et al. Report of gossypiboma from the standpoint in medicine and law

DISCUSSION
Radiopaque threads impregnated into surgical gauzes were
first introduced by Cahn in 1929, but were not come into
general use in the United States until about 1940[2]. A retained
gauze left in the abdomen must be considered in the
differential diagnosis of patients with a history of
laparotomy, and thus one needs a careful review of the
patient’s past history. During the first two months of retained
gauze, there was a little reaction, death being unrelated to
the presence of the gauze. From 2 mo to 2 years, infective
inflammation and abscess were found. During that period,
extrusion of the gauze occurred through an externally
fistulous tract or internally into the rectum, vagina, bladder,
or intestinal lumen[3].
There are surgeons who recommend the routine
postoperative abdominal film after abdominal operation[4].
On abdominal films, a whirl-like appearance is characteristic
of retained gauzes. This appearance is considered to be
due to gas trapped in the fibers of the gauze[5]. The ultrasound
is very useful in the diagnosis of abdominal retained gauze[6].
The ultrasound feature is usually a well-delineated mass
containing wavy internal echo with a hypoechoic rim and a
strong posterior acoustic shadowing[7] . Ultrasonography
images can be classified into two groups, a cystic type and a
solid type. The former showed a cystic lesion with zigzag
echogenic bundle. The latter showed a complex mass with
hyper- and hypoechoic regions. A postoperative diagnosis
of retained gauze can be made from the characteristic
appearance on ultrasonography images. This can avoid
delayed diagnosis and medical errors.
A doctor may negligently fail to diagnoses a preexisting
disease, allowing it to progress, with harmful effects. The
disease was obviously a cause of harm. The doctor’s negligence
in allowing the disease to progress may also have caused
the harm. In assessing the value of that loss-of-chance of
gossypiboma, the disease should be deemed a preexisting
condition and be taken into account. To illustrate, consider
the case in which a doctor negligently fails to diagnose a
patient’s cancerous condition until it has become inoperable.
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Assume further that even with a timely diagnosis the patient
would have had only a 30% chance of recovering from the
disease. A rational approach would allow recovery from
the loss of the chance of cure even though the chance was
not better than even. While the plaintiff here could not
prove by a preponderance of the evidence that he was
denied a cure by the defendant’s negligence, he would show
by a preponderance that he was deprived of a 30% chance
of a cure.
In our case, the preexisting condition and the effect of
the doctor’s tortuous conduct attach within a relatively short
time, the burden of providing the extent to which the
preexisting condition reduced the value of the interest in
question should be shifted to the doctor. Shifting the burden
of proof is not a completely satisfactory solution, this shift
simply realigns the scale[8,9].
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World Journal of Gastroenterology standard of quantities and units
Number

Nonstandard

Standard

Notice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
57
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
intravenous
Wang et al
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins

