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Abstract

AIM: To investigate the expression of E-cadherin, a-catenin,
[3-catenin, y-catenin and cyclin D, in patients with esophageal
squamous cell carcinoma (ESCC), and analyze their
interrelationship with clinicopathological variables and their
effects on prognosis.

METHODS: Expression of E-cadherin, a-catenin, 3-catenin,
y-catenin and cyclin D; was determined by EnVision or SABC
immunohistochemical technique in patients with ESCC
consecutively, their correlation with clinical characteristics
was evaluated and analyzed by univariate analysis.

RESULTS: The reduced expression rate of E-cadherin, a-
catenin, B-catenin and y-catenin was 88.7%, 69.4%, 35.5%
and 53.2%, respectively. Cyclin D1 positive expression rate
was 56.5%. Expression of y-catenin was inversely correlated
with the degree of tumor differentiation and lymph node
metastasis (x*> = 4.183 and x? = 5.035, respectively, P<0.05),
whereas the expression of E-cadherin was correlated only
with the degree of differentiation (x> = 5.769, P<0.05).
Reduced expression of E-cadherin and y-catenin was
associated with poor differentiation of tumor, reduced
expression of y-catenin was also associated with lymph
node metastasis. There obviously existed an inverse
correlation between level of E-cadherin and y-catenin protein
and survival. The 3-year survival rates were 100% and
56% in E-cadherin preserved expression group and in
reduced expression one and were 78% and 48% in y-catenin
preserved expression group and in reduced expression one,
respectively. The differences were both statistically
significant. Correlation analysis showed the expression level
of a-catenin correlated with that of E-cadherin and (3-catenin
(P<0.05).

CONCLUSION: The reduced expression of E-cadherin and
y-catenin, but not a-catenin, 3-catenin and cyclin D1, implies
more aggressive malignant behaviors of esophageal
carcinoma cells and predicts the poor prognosis of patients.
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INTRODUCTION

Esophageal squamouscell carcinoma (ESCC) isoneof the most
common malignant tumors in China¥. In recent years, the
postoperative survival of patients with esophageal carcinoma
hasbeenimproved. However, the overal prognosisfor esophaged
cancer patients remains poor, the 5-year survival rate of post
operative advanced esophageal carcinoma patients was 20-35%.
Although surgical techniques and preoperative management
have progressed, early diagnosis and treatment are still
important!?%. The prognostic clinical characterization of
esophageal carcinoma remains inadequate using conventional
histological grading and staging systems. Recently, various
atempts have been made to investigate the rel ationship between
certain molecular markers and the clinical course of squamous
cell carcinoma of esophagus. In fact, the biological factors that
determine a different individual outcome (recurrent, survival)
at an analogous stage of disease are obscurel*®l.

E-cadherin and catenin are important adhesion molecules
in normal epithelial tissue. Catenins, including a-catenin, 3-
catenin, y-catenin, play an important role in the E-cadherin
mediated intercellular signal transduction and cell adhesion.
Loss of normal cellular adhesion plays a critical rolein many
aspects of tumor biology. For instance, aterationsin cell-cell
adhesion in cancer cellsarereflected at the microscopic level in
degree of cohesiveness and pattern of tumor growth. Detachment
of cancer cellsis an initial step in invasion of surrounding
tissues and in spread to distant organs, and atered tumor cell
adhesion is important in these processes. Several studies
examined therole of the E-cadherin/catenin complex in growth
mediation and maintenance of cell-cell adhesion in various
tumord™, The expression of adhesion molecules may reflect
biological behaviors and characteristics of tumors and are
conducive to predict and evaluate the risk of relapse and
metastasisin patientswith postoperative esophageal carcinoma,
thus having practical significance in guiding individualized
treatment[3,18,20-23]_

Cyclin D1 encodes acdll-regulatory protein that is expressed
at high level during the G1 phase of the cell cycle. Cyclin D1
bindsto cyclin-dependent kinases and proliferating cell nuclear
antigens. Theformation of these complexes has beenimplicated
inthe contral of cdl proliferation?!. Cyclin D1 isthetarget gene
of beta-catenin, overexpression of the latter in the cytoplasm
may promote malignant transformation by triggering cyclin D1
expression in anumber of cancers. It was regarded by several
reportsthat cyclin D1 could predict the prognosisin some cancers,
including esophageal cancer(?528,

In this study, the expression of E-cadherin, a-catenin, 3-
catenin, y-catenin and cyclin D1 in 62 ESCC patients was
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analyzed, concerning the histopathological and survival data,
effects on progression of cancer and their prognostic valuein
ESCC. The results may provide some suggestions for clinical
treatments.

MATERIALS AND METHODS

Materials

Specimens of cancer tissues were taken from 62 consecutive
patients with squamous cell carcinoma of the thoracic
esophagus who had undergone esophagectomy with regional
lymph node dissected from January to December of 1996 at the
Department of Thoracic Surgery, Cancer Hospital of Shantou
University Medical College. None of them received irradiation
or chemotherapy preoperatively. The patientsincluded 49 men
and 13 women with amean age of 54 (range 35-79) years. Three
tumorswerelocated in the upper thorax, 36 inthe middle thorax
and 23 in the lower thorax (Table 1). The removed specimens
wereexamined histological with hematoxylin and eosin staining,
and then the clini copathol ogic stage was determined according
to TNM classification. Survival time was calculated from the
date of operation to death or the date of |ast follow-up. Follow-
up time ranged from 6 to 54 mo with an average of 36 mo.

Table 1 Background data of patients

Term No. of cases (%)
Total 62
Age (yr)
<50 22 (35.5)
=50 40 (64.5)
Sex
Male 49 (79.1)
Female 13 (20.9)
Location
Upper thoracic 3(4.8)
Middle thoracic 36 (56.5)
Lower thoracic 23 (37.1)
Histological grade
| 16 (25.8)
1 35 (56.5)
" 11 (17.7)
Depth of invasion
T1 23.2)
T2 10 (16.1)
T3 32 (51.6)
T4 18 (29)
Lymph node metastasis
Positive 35 (56.5)
Negative 27 (43.5)

Immunohistochemical staining

Immunohistochemical analysis was done retrospectively.
Resected esophageal specimens, including both tumor and
normal mucosae, were fixed in a40 g/L formaldehyde solution
and embedded in paraffin. The following antibodies were used
inthisstudy: mouse monoclonal anti-human cyclin D1 antibody
(M-0024C, Antibody Company USA, diluted 1:50in PBS), rabbit
polyclonal anti-human E-cadherin antibody (BA0475, Antibody
Company USA, diluted 1:100in PBS), rabbit polyclonal anti-
human a-catenin antibody (C-2081, SigmaBioscience Company,
USA, diluted 1:1 000 in PBS), rabhit polyclonal anti-human 3-
catenin antibody (C-2206, Sigma Chemical Company, USA,
diluted 1:2 000 in PBS), goat polyclona anti-human y-catenin
antibody (C-20 SantaCruz Biot Co, USA, diluted 1:200in PBS).

Four um thick sections of formalin-fixed paraffin-embedded
tissue blocks of esophageal tumors were cut. The sectionswere
deparaffinized, dehydrated and blocked to remove endogenous
peroxidase activated by 3 mL/L H,O, in methanol for 30 min.
The sections were treated with microwave in 0.1 mol/L citrate
buffer pH 6.0 at 750 W for 12 min. After incubation with 100 mL/L
normal goat serum to block non-specific binding, they were
then incubated with the primary antibodies overnight at 4 C.
After antibody was washed with PBS, the sections were
incubated with the secondary antibody and immunostained by
SABC method (y-catenin, Boster Company, China) and EnVision
method (E-cadherin, a-catenin, 3-catenin and cyclin D1,
EnVision, Cat. No. D-3001, 3002, Antibody Diagnostic Inc)
according to the manufacturer’ sinstructions, and finally DAB
was visualized. Tissueswere counterstained with hematoxylin.
Negative control was designed by using PBSinstead of primary
antibody. Adjacent normal sgquamous epithelium served as an
internal positive control of E-cadherin and catenin protein
expression. Known immunostained-positive sectionswere used
as positive control of cyclinD1 protein expression.

Positive criterion of immunohistochemical staining

Tumor sectionswere scored by light microscopy by 2 independent
observers without knowledge of the stage and patient profiles.
The percentage of positively stained cells was cal culated after
100 cellswere counted at more than 5 high-power (40x) fields.
The following definitions were made: Cyclin D1: more than
10% positive staining in nuclei was defined as positive staining;
E-cadherin and catenin: morethan 10% positive staining in cell
membrane was defined as positive staining; less than 50%
positive staining in cell membrane was defined as reduced
expression, more than 50% positive staining in cell membrane
was defined as preserved expression.

Statistical analysis

X2 test or Fisher's exact probability test and Spearman rank
correlation coefficient analysiswere used to assessthe association
between immunohi stochemical featuresand clinicopathol ogical
characterigtics. The cumulative survival rate was calculated by
the Kaplan-Meier method, and statistical significance was
analyzed by the log-rank test. A P value less than 0.05 was
considered statistically significant. All the statistical analyses
were performed using the SPSS 10.0 V for Windows.

RESULTS

Expression of E-cadherin, a-catenin, B-catenin, ycatenin and
cyclin D1 in esophageal squamous cell carcinoma

The positive expression rate of E-cadherin, a-catenin, 3-catenin,
y-catenin and cyclin D1 in 62 esophageal cancer patients was
62.9% (39/62), 79% (49/62), 95.2% (59/62), 75.8% (47/62) and
56.5% (35/62), respectively. The reduced expression rate of E-
cadherin, a-catenin, 3-catenin and y-catenin was 88.7%, 69.4%,
35.5%, 53.2%, respectively. Cyclin D1 positiveexpress on showed
brown stained sgnasinthenucle (Figure 1), only asmall number
of expressionsin cytoplasm or membrane of cells. E-cadherin,
o-catenin, 3-catenin and y-catenin positive expression showed
brown stained signalsin membrane of cellsand theintercellular
junctions (Figure 2A-C).

Relationship between expressions of E-cadherin, a-catenin,
B-catenin , y-catenin and cyclin D1 in esophageal squamous
cell carcinoma

Significant positive correlation was found between theintensity
of a-catenin and B-catenin (r = 0.274, P<0.05), E-cadherin and
a-catenin (r = 0.279, P<0.05). No significant differences were
seen in other protein expressions.
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Table 2 The relationship between clinicopathology and the expression of cyclin D; E-cad and catenins

CyclinD; E-cad

o-cat Bcat y-cat

Type Cases P
Positive Negative

Preserved Reduced

P P P P

Preserved Reduced Preserved Reduced Preserved Reduced

Histological grade

7 9 10 6 8 8

<0.05 11 24 >0.05 24 11 >0.05 19 16 <0.05
1 10 6 5 3 8

>0.05 4 8 >0.05 6 6 >0.05 5 7 >0.05
15 35 34 16 25 25

>0.05 9 26 >0.05 23 12 >0.05 12 23 <0.05
10 17 17 10 18 9

| 16 6 10 5 11
Il 35 15 20 >0.05 5 30
1l 11 6 5 0 11
Depth of invasion
T, 12 6 6 >0.05 4 8
T, 50 31 19 6 44
Lymph node metastases
Positive 35 14 21 >0.05 6 29
Negative 27 13 14 4 23
-
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Figure | Positive expression of cyclinD1 protein in nuclei of
esophageal squamous cell carcinoma. IHCx200.

Relationship between E-cadherin, a-catenin, B-catenin, y
cateninand cyclin D1 expressionand clinicopathologic variables
in esophageal squamous cell carcinoma

Expression of E-cadherin correlated significantly only with
histological grade. Poor differentiation was associated with
reduced or loss of E-cadherin expression (P<0.05). Significant
inverse correlation existed between the intensity of y-catenin
expression and histological grade, and lymph node metastasis
(P<0.05). No significant corre ation wasfound between abnormal
expression of other proteinsand histological grade, lymph node
metastasis and depth of invasion (Table 2).

Relationship between E-cadherin, a-catenin, B-catenin, y
catenin, and cyclin D1 expression and survival

Analysis of the 3-year survival after operation showed that the
overal survival rate was 62% in 62 cases of esophageal cancer.
Univariate analysis showed that the survival time was associated

A B

with the histological grade, depth of invasion, lymph node
metastasis, expression of E-adherine and y-catenin. Reduced
E-cadherin or y-catenin expression was correlated with poor
prognosis. Themean surviva timeof gradesl, 11, I11 was41, 45
and 12 mo (P<0.05), respectively. The 3-year survival rate was
67.1% and 49.4% in T3 and T4 patients (P<0.05), respectively,
and was 47.8% and 80.3% in patientswith positive and negative
lymph node metastases (P<0.05), respectively. The median
survival time was 54 mo and 37 mo in patients with preserved
and reduced or loss of E-cadherin expression, the 3-year
survival rate was 100% and 56% (P<0.05), respectively. The
median surviva timewas42 and 33 moin patientswith preserved
and reduced or lost expression of y-catenin, the 3-year survival
rate was 78% and 48% (P<0.05), respectively. No differencein
survival curves was seen between reduced expression of a-
and [3-catenins compared with preserved expression. Similar
results were found in the positive and negative expressions of
cyclin D1. The median survival time was 39 and 38 mo in the
patients with preserved and reduced or lost expression of a-
catenin, the 3-year survival rate was 65%. The median survival
timewas 36 and 39 moin the patientswith preserved and reduced
or loss expression of -catenin, the 3-year survival rate was
65%. The median surviva timewas40 and 34 moin the patients
with positive and negative expressions of cyclin D1, the 3-year
surviva rate was 68% and 58% (P>0.05), respectively.

DISCUSSION

The main causes of treatment failure are recurrence and
metastasisin resectable esophageal cancer. Modern molecular
biology studies have demonstrated that invasion and metastasis
of tumors as a continuous process, include three steps: a
reduced cell-cell adhesion, alterationsin theinteraction of tumor
cellswith extracellular matrix, and invasion into surrounding

C

Figure 2 Positive expression of E-cadherin and y-catenin proteins in membrane of esophageal squamous cell carcinoma. A:
Positive expression of E-cadherin protein in membrane of esophageal well differentiated squamous cell carcinoma. IHC x200; B:
Positive expression of y-catenin protein in membrane of esophageal squamous cell carcinoma. IHCx200; C: Positive expression
of y-catenin protein in membrane of esophageal squamous cell carcinoma. IHCx400.



3238 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

November 15, 2004 Volume 10 Number 22

tissuesincluding blood vessels and lymph duct. Thusthe first
and critical stepisthat thetumor cells could detach from primary
foci and re-adhere to metastatic position'22°%, E-cadherinisa
ca cium-dependent cell-cll adhes on transmembraneglycoprotein,
maintaining normal epithelial polarity, and intercellular
adhesion, which are present in almost al normal epithelial cell
surfaces. It is anchored to the cytoskeleton via cytoplasm
proteins, including alpha and beta catenini*3431, E-cadherin,
therefore, is one of the most important adhesion molecules
expressed by epithelial cells and is regarded as an invasion
suppressor molecul 4, |n this study, overall survival was
inversely corrected with E-cadherin expression. Patients with
preserved E-cadherin expressing tumor had a better prognosis
than those with reduced expression of E-cadherin. Thiswasin
agreement with previous studies on a variety of cancers, such
as cancer of head and neck!’**®, breast!**¥, stomachl*®32%3,
bladder’®. In all these studies, reduction or loss of E-cadherin
expression was significantly associated with dedifferentiation,
increased invasiveness, and high incidence of lymph node
metastasis, hematogenous recurrence and poor prognosisin a
number of human carcinomas, including esophageal cancer.
But some other studies did not acquire the same results?.
There were different results of reduced E-cadherin protein
expression in specimens from patients with ESCC in various
researcheg?232-%1 While in our investigation 88.7% of
ESCC showed reduced expression of E-cadherin. It was
postulated that selection of the patients entering into the study,
immunohistochemical method, antibody origination, tumor
heterogeneity and differences in staining evaluation might
individualy or in combination hold responsibility. Asamarker
associated with squamous cell differentiationt®, thelevel of E-
cadherin expression had an inverse correl ation with histological
grade. Reduced or loss of E-cadherin expression was correlated
with poor differentiation, but not with lymphatic metastases
and depth of tumor invasion, suggesting that the reduction of
E-cadherin expression is associated with loss of the ability of
adhesion and facilitate to blood vessel metastases, as previoudy
reportedy.

Catenins are afamily of proteinsincluding a-(102 ku), -
(88ku), y-(82 ku) catenins. The cytoplasmic domain of E-cadherin
could bind directly to either 3-catenin or y-catenin, whereas a-
catenin could link E-cadherin- (3, y)-catenin complex to acting
cytoskeeton. Theintegrity of theadhesion function of E-cadherin
also depended on an intact catenin system*®. 3-catenin could
also play arolein intracellular signaling and function as an
oncogenewhen it bound to T-cell factor 4 (Tcf4)-binding sitein
the promotor region of cyclin D1 and transactivated genes
after translocation to the nuclei®-*. Catenins had different
clinicopathological rolesin various cancers. In many epithelial
carcinomas including carcinoma of the esophagug?®62022.2333
head and neck!*®, breast("-1%%!  stomach!*®, colon!?¥ and
bladder!®?, catenins had a prognostic significance in survival.
Some investigators reported that abnormal expression of a-
catenin was associated with the prognosis of esophageal
cancer. It also had predicative valuesfor lymph node metastasis
in esophageal carcinoma. Several reports suggested that
abnormal expression of B-catenin could indicate poor prognosis
in anumber of tumors, including esophageal cancer! 2233 y-
catenin was found to be more important in nodal metastasisin
tongue cancer. It wasa so predictive of the presence of subclinical
nodal metastasis in clinically node-negative neck!*®l. The
expression of a-catenin but not 3- or y-catenin was found to be
correlated with the expression of E-cadherin in thisstudy. The
reduction or loss of y-catenin expression was associated with
more lymph node metastases than the preserved expression
(P<0.05). There was a correlation between poor differentiation
of tumor and reduction or loss of y-catenin expression. The
reduction or loss of y-catenin expression was in association

with shorter median survival time and lower 3-year survival
rate. All these suggested that y-catenin might be one of the
prognostic factorsin esophageal cancer. Howeres, the expression
of a-catenin and 3-catenin was not related to the histological
grade, depth of invasion, lymph node metastases and survival
time

Theclinical significance of cyclin D1 expression wasdifferent
invarioustumors. It hasshown that cyclin D1 geneamplification
or enhanced expression was correl ated with higher histological
grade of tumor, lymphatic or hematogenous metastasis and
poor prognosis“>*d. A controversial report, however, existed®.
Some investigators thought cyclin D1 was the target gene of [3-
catenin. Although a positive correlation between p-catenin
activation and cyclin D1 expression was reported, our study
did not show such aresult. Furthermore, cyclin D1 expression
was not associated with the extent of tumor infiltration, grade
of differentiation, lymphatic metastasesand survival time. These
inconsistencies with other authors may be associated with
location of tumor, pathologic classification, biologic behaviors,
examination methods and evaluating criteria.

Our study showed that the main prognostic factors of
postoperative survival time were histological grade, depth of
tumor invasion and lymph node metastasis. The reduced
expression of E-cadherin or y-catenin was associated with poor
differentiation of tumor cells. Reduced or loss of y-catenin
expression also had predictive values for nodal metastasis.
The reduction or loss of E-cadherin and y-catenin expression
could predict the shorter survival time. Therefore we suggest
that adjuvant radiation or chemotherapy should be considered
in esophageal carcinoma patients with reduced expression of
E-cadherin and y-catenin in T4 stage, poor-differentiation in
histopathology, and lymph node metastasesin order toimprove
the survival rate.
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Abstract

AIM: To study the relevance of spindle assembly checkprotein
MAD2 to cellular mitotic status, aneuploidy and other
clinicopathological characteristics in gastric cancer.

METHODS: Western blot analyses were performed to
analyze the protein levels of MAD2 and cyclin Bl in the
tumorous and adjacent nontumorous tissues of 34 gastric
cancer patients. Cell cycle distribution and DNA ploidy of
cancer tissues were also determined by flow cytometry.
Conventional statistical methods were adopted to determine
the relevance of abnormal MAD2 level to mitotic status,
aneuploidy and clinicopathological parameters.

RESULTS: Out of 34 gastric cancer patients 25 (74%)
exhibited elevated MAD2 levels in their tumorous tissues
compared with the corresponding nontumorous tissues.
Elevation of MAD2 levels significantly correlated with the
increased levels of cyclin B1 expression and G,/M-phase
distribution (P = 0.038 and P = 0.033, respectively), but
was not relevant to aneuploidy. The gastric cancer patients
with elevated MAD2 levels showed a tendency toward better
disease-free and overall survival (£>0.05). However, no
association was found between elevated MAD?2 levels and
patients’ clinicopathological characteristics.

CONCLUSION: Elevation of MAD?2 level is present in 74%
of gastric cancer patients, and correlates with increased
mitotic checkpoint activity. However, elevation of MAD2
level is not associated with patients’ aneuploidy and any of
the clinicopathological characteristics.

Wu CW, Chi CW, Huang TS. Elevated level of spindle checkprotein
MAD?2 correlates with cellular mitotic arrest, but not with
aneuploidy and clinicopathological characteristics in gastric
cancer. World J Gastroentero/ 2004; 10(22): 3240-3244
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INTRODUCTION
During the cell division cycle, the localization and segregation

of chromosomes are under the surveillance of one group of
proteins, called spindle assembly checkproteind®3. Mitotic
arrest-deficient proteins (MADs) and budding uninhibited by
benzimidazole proteins (BUBS) arethe major membersof spindle
assembly checkproteind*®. Among them, MAD2 is a key
component of MAD/BUB complex that can censor mis-segregation
of chromosomes by monitoring the microtubul e attachment and
tension'*”8, MAD2 is usually expressed at a high steady-state
level and distributed at unattached kinetochores'®?. Re-
localization of MAD2 aong microtubulesto the spindle poles
is achieved by minus-end-directed dynein-dynactin complex
only when al kinetochores properly attach to microtubules®.
Once misaligned chromosomes or even a single unattached
kinetochoreis present, sufficient MAD2 molecules are kept in
kinetochores to inhibit the onset of anaphase until all
chromosomes exhibit proper bipolar attachment to the spindle.
The kinetochore MAD?2 can associate with and thus prevent
the activation of anaphase-promoting complex (APC)!":1:-4],
APC isakinetochore-locdizing, CDC27-based ubiquitin ligase
responsible for cyclin B1 degradation and in turn down-
regulation of cyclin B1-associated CDC2 kinase activity, which
isrequired for metaphase-anaphase transition and for exit from
mitosis”1+%4, On the other hand, the microtubule-interfering
agents, such as paclitaxel and nocodazole, can aso dlicit the
spindleassembly checkpoint activity of MAD2[45% |n paclitaxel-
treated cells, MAD2 mediates inhibition of APC’s ability to
ubiquitinate cyclin B1, which avoids the degradation of cyclin
B1 and thusleadsthe cyclin B1/CDC2 activity to sustain longer™.
This persistence of MAD2 and cyclin B1/CDC2 activation
renders cells unable to exit from the metaphase and ultimately
leads cells to apoptosisi*®.

As described above, the role of MAD2 in spindle checkpoint
machinery has been evidenced in many cell line studies.
Clinically, it wasreported that MAD2 wasrarely thetarget for
genetic alterations in digestive tract cancersl*¢. Whatever
from clinical investigation or animal models, the evidence
demonstrating the relevance of MAD?2 to cellular mitotic status
or other histopathological characteristicsis yet lacking. In
this study, we investigated the level of MAD2 in 34 gastric
cancer patients. The MAD2-related mitotic checkpoint activity
was measured by cyclin B1 expression level and cell cycle
G,/M-phase fraction. Our dataindicated that 25 out of 34 (74%)
gastric cancer patients exhibited elevated MAD2 levelsin
their tumorous tissues rather than nontumorous tissues.
Elevation of MAD?2 level correlated with increased mitotic
checkpoint activity but was not relevant to aneuploidy
(chromosomal numerical alteration). Although the gastric
cancer patients with elevated MAD2 levels exhibited a
tendency toward better disease-free and overall survival, no
correlation was found between abnormal MAD2 level and
patients' clinicopathological characteristics.

MATERIALS AND METHODS

Patients and tumor specimens
Thirty-four primary gastric cancer tissuesand their corresponding
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normal mucosawere obtained from patients at Taipei Veterans
General Hospitd. The patients consisted of 25 men and 9women
(aged 43-80 years, mean: 63.8 years). Informed consent was
obtained from each patient. All specimens were snap-frozen
immediately after resection and stored at -80 “C until use. Parts
of the specimens were taken for protein extraction and DNA
content determination, and the remaining tissues werefixed in
40 g/L buffered formaldehyde for histologic examination.
Hematoxylin and eosin staining of tissue sections was adopted
to categorize the tumors according to the classification of
Laurent®,

Tissue lysate preparation and Western blot analysis

Tissue lysates were prepared by the method described
previously!®. Briefly, tumor and non-tumor specimens were
ground down into powder in the presence of liquid nitrogen.
Around 0.5 g of tissue powder was resuspended in 1.5 mL of
10mmol/L Tris-Cl, pH 7.8, 140mmoal/L NaCl,5¢g/L deoxycholate,
10 mL/L NP-40, 1 mmol/L phenylmethylsulfonyl fluoride,
10 pg/mL aprotinin, 10 pg/mL pepstatin A, and 10 pg/mL
leupeptin. The suspension was subjected to homogenization
and further sonication onice, and finally was ultracentrifuged
at 100 000 g for 1 h at 4 C. The supernatant was saved and
assayed for protein concentration (Bradford method). Aliquots
(30 pg protein) of tissue lysates were separated on 100 g/L
SDS-polyacrylamide gels, and electrotransferred onto
polyvinylidene difluoride membranes. After blocked with
PBST (phosphate-buffered saline plus 1 mL/L Tween-20) plus
50 g/L fat-free milk, the membranes were incubated with anti-
MADZ2, cyclin B1, and B-tubulin antibodies (Santa Cruz
Biotechnology, Santa Cruz, CA, USA), respectively, in PBST
plus 50 g/L milk at 4 “C for 12 h. The membranes were then
washed three times with PBST buffer, and incubated with
horseradish peroxidase-conjugated secondary antibodies for
1 h at room temperature. After washed three timeswith PBST
buffer, the protein bands were detected by enhanced
chemiluminescence (Amersham Biosciences, Piscataway, NJ,
USA).

Flow cytometric analysis of DNA content

The DNA ploidy and cell-cycle phase distribution of tissue
specimens were measured by flow cytometric analysisi?!.
Frozen specimens werefirst minced into 2 to 5 mm? pieces and
further digested into single cell suspensionst??. Cell
suspensionswere fixed with 800 mL/L ethanol at -20 C at least
for 30 min before subsequent Triton X-100 permeabilization
and propidium iodide staining!*®. The cellular DNA content
was analyzed using a FACStar flow cytometer with an argon
laser tuned to the 488-nm line for excitation (BD Biosciences,
San Jose, CA, USA).

Statistical analyses

Datawere analyzed by x2or t test. Survival rate was calculated
by the Kaplan-Meier method. Statistical comparisons were
made with Logrank test. The difference was considered to be
significant when P value was less than 0.05.

RESULTS

Elevated MAD2 level occurs in human gastric cancer

Western blot analysis was performed to analyze the MAD2
expression level of the tumorous and adjacent nontumorous
tissues of 34 gastric cancer patients. Asshown in Figure 1, the
MAD?2 protein was detected in both tumorous and nontumorous
tissue lysates. In most patients, MAD2 seemed labile in the
nontumorous tissues rather than the tumorous tissues. The
differential MAD2 level was confirmed by comparison with the

levels of B-tubulin in the same-paired tissue lysates. A patient
with elevated MAD?2 level was defined as one whose MAD2
level in the tumorous tissue was higher than that in the adjacent
nontumorous tissue, and elevated MAD2 level could be found
in 25 of 34 (74%) cases of human gastric cancer.

Elevated MAD2 level correlates with increased mitotic arrest

but not aneuploidy

The MAD2-related mitotic arrest was measured by cyclin B1
level and cell cycle G,/M-phase fraction. We found that 18 of
34 (53%) gastric cancer patients had elevated cyclin B1
expression level in their tumorous rather than nontumorous
tissues (three examples shown in Figure 1). There was a
statistically significant correlation between elevated MAD2
level and elevated cyclin Bl level (P =0.038), as16 of 25 (64%)
gastric cancer patients who had elevated MAD2 levels also
manifested higher levels of cyclin B1 in their tumorous tissues
(Table 1). Moreover, the DNA contents of tumor specimens of
29 patients were successfully determined by flow cytometric
analysis. The data presented by meantSD (%) of phase
fractions are shown in Table 2. We observed that the ratio of
G,/M-phasefractionin thetumor specimensexhibiting elevated
MAD?2 levelswas statistically higher than that in the tumorous
tissueswith anormal MAD2 level (10.6 + 4.9% vs 6.4 + 4.0%,
P =0.033). No significant differencein theratiosof Gy/G, and S-
phase fractions was found between the tumorswith or without
elevated MAD2 levels (Table 2). In addition, DNA ploidy was
also determined from the tumor specimens of 32 patients.
Although 18 of 32 (56%) patientswere found to have aneuploid
tumor cells, no correl ation was observed between the occurrence
of aneuploidy and elevated MAD2 level in cancer tissues
(P=1.000, Table3).

MAD?2 level

T>N T=N
195 198 249 269 214 274
N T NT N TNT N TN T

MAD2 - W e . o -

. —
B-EUDUIIN el e e R e e e e

cyclin B1 —

Figure 1 Examples of elevation of MAD2 and cyclin B1 levels
in human gastric cancer. Western blot analyses were performed
to analyze the protein levels of MAD2 and cyclin B1 in the
lysates from non-tumorous tissues (N) and tumorous tissues
(T) of gastric cancer patients, #195, #198, #249, #269, #214, and
#274. The levels of B-tubulin in the same-paired tissue lysates
were analyzed as internal control.

Table 1 Cyclin B1 expression status of 34 gastric cancer tissues
with or without MAD2 overexpression

Cyclin B1 level
T>N T=N
MAD?2 level
T>N(n=25) 16 9
T=N(n=9) 2 7
P =0.038

T: tumorous tissue; N: non-tumorous tissue.
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Table 2 Cell cycle phase fractions of 29 gastric cancer tissues
with or without MAD2 overexpression (mean+SD)

Phase fraction (%)

Go/G, S G,/M
MAD?2 level
T >N (n=20) 80.8+5.9 8.6+7.0 10.6+4.9
T=N (=9 83.5+7.4 9.9+7.7 6.4+4.0
P =0.301 P = 0.657 P =0.033

T: tumorous tissue; N: non-tumorous tissue.

Table 3 DNA ploidy status of 32 gastric cancer tissues with or
without MAD?2 overexpression

Diploidy Aneuploidy
MAD?2 level
T>N (n=23) 10 13
T=N(n=09) 4 5
P =1.000

T: tumorous tissue; N: non-tumorous tissue.

Elevated MAD2 level does not correlate with clinicopathological
characteristics

Therdationship of elevated MAD2 level with clinicopathol ogical
characterigtics was al so investigated and summarized (Table 4).
The evaluated parameters included age at diagnosis, tumor
siteand size, cell differentiation grade, stromal reaction, invasive
and metastatic status, etc. For the 34 studied patients, age and
gender did not associate with higher levels of MAD2 in cancer
tissues (P>0.05). There was no association between elevated
MAD?2 levelsand different tumor sites (upper, middle, lower or
whole stomach), tumor sizes, and other histopathological
characteristicsincluding grade of cell differentiation, Borrmann
type, stromal reaction (medullary, intermediate or schirrhous
type), infiltrationtype (a1, B ory), Lauren histological classification
(intestinal or diffuse type), and TNM staging (I-1V), either. In
addition, elevation of MADZ2 level in cancer tissues was not
correlated with theinvasion parameters, including thelymphatic
duct or vessel invasion and depth of cancer invasion (mucosa,
submucosa, propriamuscle, subserosa, serosa, serosa exposed),
and metadtatic status such as peritoneal dissemination and lymph
node or liver metastasis (Table 4). Finaly, the patients with
elevated MAD2 levelsin tumor tissues exhibited higher five-
year overall and disease-free survival ratesin comparison with
those without elevated MAD2 levels (48.0% vs 20.8% and
46.3% vs 11.1%, respectively), but the difference did not reach
adgignificant level (P =0.478 and 0.229, respectively; Table 4).

Table 4 Relationships between elevated MAD?2 levels and
clinicopathological characteristics (mean+SD)

MAD? level

T>N(n=25T=N(n=9) P

Age (yr) 62.8+£10.3 66.4+5.0 0.325
Sex (male/female) 19/6 6/3 0.586
Site of tumor 0.828

Upper stomach 4 2

Middle stomach 6 2

Lower stomach 14 4

Whole stomach 1
Size of tumor (cm) 7.3+2.3 8.0£2.9  0.470
Grade of cell differentiation 0.146

Well differentiated 1
Moderately differentiated 13
Poorly differentiated 11 1
Borrmann type 0.664
0 2
1+2 6
3+4 17
Stromal reaction 0.739
Medullary type 6
Intermediate type 12
Schirrhous type 7
Infiltration type 0.475
a 4 2
B 8 1
Y 13 6
Lauren histological classification 0.448
Intestinal type 13 3
Diffuse type 12 6
Lymph node metastasis (Yes/No)  15/10 673 1.000
Lymphatic duct invasion (Yes/No) 18/7 7/2 1.000
Vascular invasion (Yes/No) 2/23 1/8 1.000
Liver metastasis (Yes/No) 1724 0/9 1.000
Peritoneal dissemination (Yes/No) 2/23 1/8 1.000
Depth of cancer invasion 0.738
Mucosa, submucosa 1 0
Propria muscle, subserosa 5 1
Serosa 18 8
Serosa (infiltration) exposed 1 0
TNM stage 0.932
| 3 1
1 8 2
11 8 3
v 6 3
Five-yr overall survival rate 48.0% 20.8% 0.478

Five-yr disease-free survival rate 46.3% 11.1% 0.229

DISCUSSION

Spindle assembly checkpoint is one of the mechanismsto guard
thefidelity of cell division cycle®®. MAD2 isakey component
of spindle assembly checkprotein complex MAD/BUB that is
responsible for monitoring the localization and segregation of
chromosomes*”#. MAD2 could induce mitotic arrest by
associating with and thus inhibiting APC when microtubule-
interfering agents were present in cancer cell cultures*®.
However, the evidence demonstrating the clinical relevance of
MAD?2 to cancer cell mitotic statusisyet lacking. In this study,
we provided the clinical datato support the mitotic checkpoint
role of MAD2 in cancer tissues. We found that 74% of our
gastric cancer patients had elevated levels of MAD2 in their
tumoroustissues. These patients also exhibited more cyclin B1
expression and G,/M-phase distribution in their cancer cells.
Because MAD?2 caninterferewith APC and APC isan ubiquitin
ligase responsible for cyclin B1 degradation, elevation of both
cyclin B1 expression and cellular G,/M-phase ratio may be
resulted from ahigher mitotic checkpoint activity that isexpected
of elevated MAD?2 level. Noteworthily, these patients had a
tendency toward longer disease-free and overall survival. We
speculate that the checkpoint activity of MAD2 exerted in these
patients monitors the interaction of chromosomeswith spindle
fibers, whichisfinally linked with better disease-free and overdll
survival. Elevated level of MAD2 seemsto be a possible target
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for potential development of novel therapeutic or prognostic
modealitiesin the future.

Our dataindicate that elevated MAD2 levels did not prevent
the occurrence of aneuploidy in gastric cancer. Aneuploidy is
one of the hallmarks of cancer cell$*#1. Considering spindle
assembly checkproteins function as a monitor for the fidelity
of chromosomal segregation, impairment of spindle assembly
checkpoint is expected to associate with the development of
cancer cell aneuploidy. However thus far, many aneuploid
cancer cell linesdid undergo mitotic arrest in responseto spindle
damage, indicating that not al cancer cellswith aneuploidy had
an impaired spindle checkpoint®%. Moreover, accumulating
studies have demonstrated that the BUBs (BUB1, BUBR1 and
BUB3) and MADs (MAD1 and MAD?2) wererarely thetargets
for genetic alterations in a variety of human cancer types
including head-and-neck sgquamous cell carcinomal®, non-
small cell lung cancer®®, thyroid follicular neoplasms?,
hepatocellular carcinoma?!, and digestive tract cancerd!"183%,
These data suggest that cancer cell aneuploidy may arise from
the alternative defects yet to be discovered. Despite of the low
frequency of gene mutation, a research of 43 gastric cancer
patients concluded that overexpression of BUB1, BUBR1 or/
and BUB3 was observed in >60% of cases™. There was no
statistically positive correlation between overexpression of
BUBs and cancer aneuploidy. Instead, the overexpression was
significantly correlated with Ki-67 expression of tumor cells,
suggesting that BUBs are proliferation-associated proteins
other than spindle checkproteins in gastric cancert®Y.

The gastric cancer patients with different molecular
alterations were shown to have distinct histopathological
features. For example, simultaneous overexpression of
hepatocyte growth factor receptor (c-Met), autocrine motility
factor receptor (AMFR) and urokinase-type plasminogen
activator receptor (UPAR) was correlated with positivelymphatic
vessel invasion and infiltration®. Estrogen receptor (ER) was
more expressed in diffuse-type patients with regional lymph
node metastasis*!. Additionally, positive expression of nm23
was detected in as high as 74% of gastric cancer patients and
wasrelated to patients' age, tumor size, Borrmann type, Lauren
classification, and TNM stage®*?!. COX-2 overexpression
significantly correlated with TNM staging; while abnormal
expression of E-cadherin/B-catenin complex occurred more
significantly in Borrmann types111/1V than in types|/I1. In our
present study, no histopathological parameter was found to be
associated with elevated MAD2 level in gastric cancer patients.
It was reported consistently that MAD2 was significantly
overexpressed in colorectal adenocarcinoma, but was not
related to differentiation or other clinical parameters.

In conclusion, an elevation of spindle checkprotein MAD2
level was observed in 74% of our gastric cancer patients, and
was significantly correlated with the increased levels of cyclin
B1 expression and G,/M-phase distribution in cancer tissues.
However, an elevated MAD2 level was not associated with
aneuploidy and other clinical factors, including demographic
features and histopathological characteristics.
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Abstract

AIM: Survivinis a novel antiapoptotic gene in which three
splicing variants have been recently cloned and characterized.
Survivin hag been found to be abundantly expressed in a
wide variety of human malignancies, whereas it is undetectable
in normal adult tissues. We aimed to study the expression
of three survivin splicing variants in gastric cancer, and to
evaluate the prognostic significance of the expression of
survivin variants in gastric cancer.

METHODS: Real time quantitative RT-PCR was performed
to analyze the expression of survivin variants in 79 paired
tumors and normal gastric mucosa samples at the mRNA
level. Proliferative and apoptotic activity was measured
using Ki-67 immunohistochemical analysis and the TUNEL
method, respectively.

RESULTS: All the cases tested expressed wild-type survivin
mRNA, which was not only the dominant transcript, but
also a poor prognostic biomarker (P = 0.003). Non-
antiapoptostic survivin-2B mRNA was correlated with tumor
stage (P = 0.001), histological type (P = 0.004), and depth
of tumor invasion (P = 0.041), while survivin-AEx3 mRNA
showed a significant association with apoptosis (P = 0.02).

CONCL USION: Wild-type survivin mRNA expression levels
are of important prognostic value and significant participation
of survivin-2B and survivin-AEx3 is suggested in gastric
cancer development.

Meng H, Lu CD, Sun YL, Dai D], Lee SW, Tanigawa N. Expression
level of wild-type survivin in gastric cancer is an independent
predictor of survival. World J Gastroentero/ 2004; 10(22):
3245-3250
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INTRODUCTION
Apoptosis, aso caled programmed cdll death, playsan important

rolein the development and homeostasis of tissues. Deregulation
of apoptosis is involved in carcinogenesis by abnormally
prolonged cdll surviva, facilitating theaccumul aion of transforming
mutations and promoting resi stance to immunosurveillance!”.
Severa studies have consistently shown that survivin could
mediate suppression of apoptosis. Surprisingly, inasingle copy
of survivin gene, three alternatively splicing transcripts have
been identified. In addition to wild-type survivin, two novel
survivin variants (survivin-2B, survivin- AEx3), which have
different antiapoptotic properties, have been generated.
Survivin-2B has lost its anti-apoptotic potential, whereas its
anti-apoptotic potential ispreserved in survivin-AEx31>3, Their
different functionsin carcinogenesis are largely unknown.

Gastric carcinoma is one of the most frequent human
malignancies. As shown by our groupt®, 34.5% of gastric
cancers expressed survivin protein and a positive correlation
between accumulated p53 and survivin expression in neoplasia
was found. In this study, we investigated the distribution of
survivin variantsin paired tumors and normal gastric mucosa
samplesat themRNA level and assessed the potential relationship
between the expression of survivin variants and proliferative
activity, apoptosis or prognostic significance.

MATERIALS AND METHODS

Patients and specimens

Matched pairs of tumors and normal gastric mucosa samples
were obtained from 76 patientswith gastric cancer and 1 patient
with malignant lymphoma at the Department of General and
Gastroenterological Surgery, Osaka Medica College Hospital
during 2000-2002. The specimens resected at surgery were
immediately frozenin liquid nitrogen and stored at -80 °C until
total RNA extraction. Clinicopathol ogical parameterswereassigned
according to the principles outlined by Japanese Classification
of Gastric Carcinoma®. Samplesincluded stage | cases (n=22),
stage Il cases (n = 11), stages |11 cases (n = 20), stage |V cases
(n=26). Therewere 62 (78.5%) malesand 17 (22.5%) females,
and the mean age of the patients was 65.2 years (SD, 9.6 years;
range, 40-87 years). No Patientsreceived chematherapy or radiation
therapy either before or after surgery. Themean follow-up period
was 19.7 mo (SD, 14.9 mo; range, 1.5-87 mo). Formalin-fixed
paraffin-embedded blocks of primary tumors were taken from
pathological archives. Two to four um thick serial sections of
2-4 thicken were prepared from the cut surface of the blocks at
the maximum cross-section of the tumors.

Total RNA extraction

Total RNA was extracted by an acid guanidinium-phenol-
chloroformmethod using | SOGEN (Nippon Gene, Toyama, Japan)
according to the manufacturer’s instructions. Afterwards the
total RNA waspurifiedusing DNase 1 (GIBCO-BRL, Gaithershurg,
MD, USA). Extracted totd RNA pelletsweredissolved with RNase
free diethyl pyrocarbonate (DEPC)-treated weter.

Reverse transcription
Complementary DNA (cDNA) was synthesized with 5 pg of
total RNA and 20 pmoL oligo (dT)s primer using an Advantage
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RNA-for-PCR kit (CLONTECH, Inc., Palo Alto, USA), with
the exception of 200 U SurperScript™ || RNase H- reverse
transcriptase (Invitrogen, Inc., Carlsbad, USA) in afinal 20 pL
reactionvolume. RT reactionswere performedat 50 °C for 1220 min.
Finally, cDNA solution was diluted to atotal volume 100 pL.

Quantitative real time RT-PCR
Quantitativered timeRT-PCRwasperformedwithaLightCycler
(Roche Diagnostics, Mannheim, Germany). Asaninternal control,
housekeeping gene GGPDH mRNA expression was measured
at the same time. DEPC-treated H,O was used as a negative
control and MKN-74 was used as apositive control. Then, 1uL
of cDNA mixturewassubjectedtoamplificationin 10 UL reaction
mixture. The PCR conditionswereinitial denaturationat 95 C
for 20 min, followed by 40 cyclesof denaturation at 95 °C for 10s,
annealing at 62 °C for 10 s for survivin, survivin-2B and
survivin-AEx3 (or a 63 °C for G6PDH), extensionat 72 C for
10 s, respectively. A standard curve using fluorescent datawas
generated from serid tenfold dilution of specific plasmidsfrom
107 to 107 copies, respectively. The number of gene copieswas
calculated by the LightCycler Software Version3.5.3 according
to the Fit Points Above Threshold method. Primer pairs and
hybridization probesfor survivin, survivin-2B, survivin-/AEx3
and G6PDH mRNA wereasfollows. The sequenceof thecommon
forward primer for survivin variantswas5'-CCACCGCATCTC
TACATTCA-3'. Todigtinguish the 3 splice variants of survivin,
the sequences of reverse primers for survivin variants were
designed to correspond to exon/exon borders of the complementary
strand (5'-TATGTTCCTCTATGGGGTCG-3' for survivin, 5'-
AGTGCTGGTATTACAGGCGT-3 forsurvivin-2B,5'-TTTCCT
TTGCATGGGGTC-3 for survivin-AEx3). The sequences of
common hybridization probes for survivin variants were 5’ -
CAAGTCTGGCTCGTTCTCAGTGGG-3 -HTCandL CRed640-
5 -CAGTGGATGAAGCCAGCCTCG-3' . The sequence of the
forward primer for GBPDH was5'-TGGACCTGACCTACGGCA
ACAGATA-3' . The sequence of the reverse primer for GGPDH
was 5'-GCCCTCATACTGGAAACCC-3'. The sequences of
hybridization probesfor GBPDHwere5 - TTTTCACCCCACTGC
TGCACC-3 -FITCandLCRed640-5 -GATTGAGCTGGAGAAG
CCCAAGC-3.

PCR products were additionally checked by electrophoresis
on30¢g/L agarosegds(BIO-RAD, Inc., Hercules, USA) containing
ethidium bromide and visualized under UV transillumination.

Sequence analysis

To confirm the identity of the PCR products, their bands were
excised from agarosegel sandisolated by aQl Aquick gd extraction
kit (Qiagen, Tokyo, Japan), ligated into apGEM-T-cloning vector
(Promega), and cloned according to standard protocols. Plasmid
DNA wasrecovered using a Plasmid Mini kit (Qiagen, Tokyo,
Japan). Cyclewassequenced and analyzedinan ABI-PRISM 310
(Applied Biosystems) using T7 or SP6-site specific primers. The
sequences of the PCR products were compared with those in
GenBank, which were found to be identical (Data not shown).

Ki-67 immunohistochemical staining and assessment of
proliferative index

Immunohistochemical staining was performed by the standard
avidin-biotin-peroxidase complex technique using L.V. Dako
LSAB kit (DAKO, Copenhagen, Denmark) as described
previously®>"8., The antibodies used were monoclonal mouse
antibody Ki-67 (MIB-1, diluted 1:50; Immunotech, Marseilles,
France). Thelabdlingindex (LI) of Ki-67 wasdetermined inthose
tumor areaswith positive stained nuclel. Fiverandom areaswithin
asection were chosen and counted under 200-fold magnification
using a point counting technique. The average percentage of
positivity was recorded asthe Ki-67 LI for each casd”.

Histochemical detection of apoptosis and determination of Al

Apoptotic cells in tissue sections were detected by terminal
deoxynucleotidy! transferase-mediated dUTP-biotin nick end
labeling (TUNEL), using an Apop Tag in situ detection kit (Oncor,
Gaithersburg, MD). The staining procedures were based on a
method described previoudly!%8. The apoptotic index (Al) was
expressed astheratio of positively stained tumor cellsand bodies
to al tumor cells according to the criteria described € sewherel> 7,
Five areaswere randomly selected for counting under 400-fold
magnification.

Statistical methods

All stetistical analyseswere performed by the SPSS11.0 software
package for Windows (SPSS Inc., Chicago, IL). Differencesin
the numerical data between the two groups were evaluated
using the Mann-Whitney U test. The x? test was further used
to compare the distribution of individual variables and any
correlation between Al or Ki-67 index and expression of survivin
variants. The correlation between Al and expression of survivin
variants for each case was also analyzed by Spearman’ s rank
correlation test. Survival curveswere cal culated using the Kaplan-
Meier method and analyzed by thelog rank test. A two-tailed P
value less than 0.05 was considered statistically significant.

RESULTS

Expression of survivin variants in clinical materials and cell lines
Among the 79 tumor samples, survivin expression was detected
in al tumor samples (79/79), survivin-2B expression was
demonstrated in 78.5% (62/79) of the samplesand survivin-/AEx3
expression was detected in 64.6% (51/79) of the samples
(Figure 1). In contrast, survivin expression was detectable in
46 (58.2%) of the normal mucosa samples, while survivin2B
expression and survivin- A Ex3 were detected in 23 (29.1%) and
12 (15.2%) of the mucosa samples respectively.

DNA marker
Survivin-2B
Survivin-AEX3

Survivin
G6PDH

bp
100
200

Figure 1 Amplification, separation and visualization of survivin
(185 bp), survivin-2B (214 bp) survivin-AEx3 (184 bp), and
G6PDH (256 bp) mRNA (40 cycles) in a typical case.

The relative amounts of survivin variant mRNA were
determined by dividing the amount of survivin variant mMRNA
by that of GGPDH mRNA for each sample. In tumor samples, the
relative levels of survivin-2B and survivin- AEx3 was further
normalized by matched survivin. Because three alternatively
spliced variants are derived from acommon hnRNA precursor
pool, these ratios seemed to be independent of any possible
bias imposed by variations in housekeeping gene expression
leveld°19. Although therewasasignificant differencein GGPDH
expression between normal tissues and cancer samples at the
same amount of total RNA used (P<0.0001, Mann-Whitney U
test, Figure 2A), the survivin variant/G6PDH ratio in our cancer
tissues were significantly higher than that in non-neoplastic
tissues (P<0.0001, Mann-Whitney U test, Figure 2B).
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Table 1 Relationship among expression levels of survivin variants and clinicopathologic parameters, proliferative activity or

apoptosis

Parameters No. of patients (%) Sur/G6PDH Sur-2B/G6PDH Sur-AEx3/G6PDH Sur-2B/sur Sur-AEx3/sur

Gender (median)
Male 62 (78.5) P =0.445 P =0.598 P =0.079 P =0.125 P =0.408
Female 17 (22.5)

Age yr (median)
<64 39 P =0.462 P =0.108 P =0.177 P =10.129 P =0.262
>64 40

Histological type
Differentiated 47 P =0.976 P = 0.004 P =0.151 P = 0.053 P =0.231
Undifferentiated 32

Depth of invade
Not invasion 27 P = 0.336 P =0.042 P = 0.266 P =0.354 P = 0.555
Invasion 40

Clinical stage
Stage I+l (22+11) P =0.075 P =0.001 P =0.139 P =0.018 P =0.863
Stage I1+1V (20+26)

Ki67 (median)
Low 39 P =0.791 P =0.197 P = 0.567 P =0.401 P =0.512
High 40

Apop Tag (median)
Low 39 P =0.421 P =0.070 P =0.0020 P =0.408 P =0.099
High 40

Two-tailed P values were calculated by the Mann-Whitney U test. Differentiated type: Papillary type, Tubular type. Undifferen-
tiated type: Poorly differentiated type, Signet ring cell type, Mucinous type. Not invasion: No invasion of the serosa. Invasion:

invasion of the serosa.

A 20000 P<0.0001
_
10000
g
@
<
=
24 0 [—
S
-10 000 T T
G6PDH (N)  G6PDH (T)

B 0.4 P<0.0001 P<0.0001 P<0.0001
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0.2 I I I
0.1+
0o mm X% _mm

T T T
Survivin/ Survivin-2B/  Survivin-
G6PDH G6PDH  AEx3/G6PDH

Relative mRNA levels

Figure 2 A: RT-PCR amplification of G6PDH in paired samples
of normal gastric mucosa and gastric carcinoma. B: Relative
(G6PDH-normalised) mRNA levels of survivin variants in paired
samples of normal gastric mucosa and gastric carcinoma. Two-
tailed P values were calculated by the Mann-Whitney U test.

Relationship between expression levels of survivin variants and
clinicopathological parameters

Theexpression leve of survivin-2B wassgnificantly (P = 0.001,
Table 1, P<0.0001, x2 test, Figure 3A) decreased in advanced
(I1N+1V) stage compared with early (I+11) tumor stage. Furthermore,
thelevd of survivin-2B wasinversely correlated with the grade
of tumor differentiation (P = 0.004, Table 1, P = 0.023, x? te<t,
Fgure3B) and depth of tumor invason (P=0.042, Table1, P=0.021,

X2 test). A stage-dependent decrease of survivin-2B was also
confirmed by theratio of survivin-2B/survivin (P =0.018, Teble 1,
P =0.022, x?test, Figure 3C).

None of the investigated clinicopathological parameters
showed agtatistically significant correlation with the expression
of other types of survivin variants besides survivin-2B.

Correlation between expression levels of survivin variants and Al
Apoptotic cells and bodies were detected in all cases of gastric
carcinomatested (Table 1, Figure4A). Themean Al was 1.07%
(SD, 0.41%; range, 0.38-2.38%) with amedian of 0.95%. The
mean Al insurvivin-/A Ex3-low expresson sampleswassgnificantly
higher than that in survivin- AEx3-high expression samples
(P=0.02, Table 1, P = 0.028, x? test, Table 1). There was no
correlation between apoptotic index and clinicopathol ogical
parametersdescribed. Spearman’ srank corrdaiontest demondrated
asignificant negative correlation between apoptotic index and
expression level of survivin-AEX3(I" = -0.257, P=0.022).

Association of expression levels of survivin variants with Pl
Proliferative cdlsweredetected by intensenucd ear immunoresctivity
to the Ki-67 antigen, asillustrated in Figure 4B. The mean
proliferative index (PI) in gastric tumors tested was 48.46%
(SD, 9.54%; range, 28.49-82.98%) with amedian of 46.87%. No
significant relationship wasidentified between PI of tumor cells
and clinicopathological parameters, asdemonstrated in Tablel.
In addition, no significant association was found between Pl
and any type of survivin variants.

Prognostic value of survivin mRNA expression

Postoperative survival of the 79 gastric cancer patients was
analyzed according to the expression level of survivin variants.
Results are shown in Figure 5. Each survivin variant value was
divided by the median value. The survival curve of patientswith
high-survivin expression was significantly lower than that of
those with low-survivin expression (P = 0.003, log-rank test).
No prognostic significance for either survivin-2B or survivin-
AEx3, however, was found in the current study.
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Figure 3 Relative mRNA levels of survivin variants. A: Significant decrease of relative (G6PDH-normalised) mRNA levels of
survivin-2B in advanced stages (P = 0.001, Mann-Whitney U test). B: Significant decrease of relative (G6PDH-normalised) mRNA
levels of survivin-2B in undifferentiated type (P = 0.004, Mann-Whitney U test). C: Significantly lower ratio of survivin-2B/survivin
in advanced stages than that in early stages (P = 0.018, Mann-Whitney U test).

Figure 4 Histochemical staining for Ki-67 and apoptotic tumor cells. A: TUNEL in situ labeling for detecting apoptotic cells and
bodies (arrows, magnification x400) in adenocarcinoma. B: Ki-67 nuclear immunohistochemical staining revealing proliferating

tumor cells in adenocarcinoma (magnification x400).
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Figure 5 postoperative survivals of 79 gastric carcinoma patients. A: Shorter survival time of patients with high expression of
wild-type survivin mMRNA compared to patients with low expression of wild-type survivin expression (P = 0.003, log-rank test).
B: No significance in expression of survivin-2B mRNA (P = 0.166, log-rank test). C: No significance in expression of survivin-/A

Ex3 mRNA (P = 0.441, log-rank test).

DISCUSSION

In this study, the prognostic significance of the expression of
three survivin splicing variants in gastric carcinoma was
examined for thefirgt time. Interestingly, only increased wild-type
survivin mRNA expression was prominently correlated with
reduced survival time, whereasneither survivin-2B nor survivin-
/\Ex3 showed an association with prognosis. In accordance
with recent studies, wedid not find a correl ation between mRNA
expression levelsof anti-apoptotic variants (survivin or survivin-
AEX3) and theinvestigated clinicopathological parameterg®9,
Thereisno doubt, however, survivin playsarolein enhancing
themalignant behavior of tumors. In cell culture systems, over-

expression of survivinwas cons stently associated withinhibition
of cell death?. Strong survivin mRNA expression showed chemo-
radio resistance!***¥ and a correlation with recurrence in
patientsi*¥. In retrospectivetrias, increased survivin mRNA or
protein expression was reported to be a prognostic indicator of
tumor progression in different types of human cancer*>?. Our
observations further confirmed that survivin mRNA was a poor
prognogtic biomarker. Thissuggeststhat ardaively straightforward
detection of survivin protein or mRNA in clinical patients may
provide an initial marker of aggressive diseases, potentially
requiring in-depth follow-up protocols or aternative treatment
regimensin the future.
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The notion that survivin inhibits apoptosis has been
established, but the mechanism (s) by which this occurs has
not been conclusively determined. Theactual molecular interaction
partners of survivin variants, however, have remained elusivel?.
Although there is a good agreement that deregulation of cell
death/surviva pathways contributes to malignant transformation,
the potential predictive/prognostic impact of apoptosisregulatory
molecules and Al has remained controversial®. This study
failed to show the relationship between apoptotic index and
survivin expression in gastric carcinomaal though it was shown
in previoug®? studies showed in gastric cancer that survivin
expression was inversely correlated with apoptosis. These
controversia findingswere attributed in part to the dual function
by which survivin regulates cell desth and cdll division. In recent
studies, frameshift carboxyl terminus of survivin- AEx3 was
found to contain abipartite localization signal, which mediates
its strong nuclear accumulation and might interfere with
degradation of survivin-/AEx3 protein by ubiquitin tagging.
Survivin-AEx3, therefore, could evade cell cycle-specific
degradation by the ubiquitin-proteasome pathway, known for
survivin. In contrast, cytoplasm has been found to be the most
probable location of both survivin and survivin-2B1222. Other
uniquefeaturesin survivin-/AEx3wereasoidentified, including
amitochondrial localization signal and a BH2 domain, which
might inhibit apoptosis by association with bcl-2, and suppress
Caspase-3 activity by BIR-dependent pathway!>. Consequently,
survivin-AEx3 may play amore crucia rolein theregulation of
apoptosis.

Although mRNA levels of survivin-2B and survivin-/AEx3
have been found in different tumorg®°2421_little is known
about the protein levels of endogenous survivin-2B and
survivin-AEx3, due to the lack of survivin variant-specific
antibodies. Our results showed that alow mRNA expression
level of survivin-2B was inversely correlated to the advanced
(111+1V) stage, undifferentiated tumor histology and deep tumor
invasion. There are at least two reasonable explanations for
this finding. After losing its antiapoptotic potential, survivin-
2B was hypothesized to be a naturally occurring antagonist of
survivin from competitive binding to heterologous interaction
partners, or from the formation of inactive survivin: survivin-
2B heterodimers with respect to recently observed dimer
formation of survivin?l. Downregulation of survivin-2B might
weaken its functional antagonism, and moreover, could permit
the generation of more survivin or survivin- /A Ex3 because three
survivin variants comefrom the same pool of ahnRNA precursor.
Thus, thedecreasein survivin-2B may result inthe devel opment,
invasion and anaplasia of carcinomas.

In addition, our data showed that all gastric carcinoma
samples expressed wild-type survivin at a significant level
compared to the matched normal gastric mucosa samples.
Similarly, the expression of survivin-2B or survivin- /A Ex3 was
significantly elevated in carcinomatissue. Among three survivin
variants, survivin was the dominant transcript. In thisregard,
our results were consistent with those of two recent TR-PCR
studies®?! on gastric cancer in which afew gastric mucosa
samples (17-23%) of the first-degree relatives also expressed
survivin mRNA, but the normal control subjects did not. All
these findings may help explain why survivin variants played
important rolesin the early stage of carcinogenesis of gastric
cancer.

Insummary, survivin mRNA isapoor prognostic biomarker
and that non-antiapoptotic survivin-2B was correlated to
tumor stage, histological type and depth of tumor invasion.
Even more striking is the observation for the first time that
neither survivin nor survivin-2B show a close association
with the apoptosis index, as observed in survivin- AEx3,
although further experimental work is necessary to elucidate

the functional properties of different splicing variantsin
more detail.
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Abstract

AlIM: To investigate the relationship between bcl-2 gene
and its related protein bax and intrahepatic cholangiocellular
carcinoma (CCC).

METHODS: Semi-nested /n situ PCR (SNISPCR) and imm-
unohistochemistry were performed to detect bcl-2/JH fusion
gene and bcl-2, bax protein expression in 29 cases of CCC.

RESULTS: No bcl-2/JH fusion gene was found in all cases
of CCC, 72.4% of 29 cases expressed bcl-2 protein. Bcl-2
protein expression was related to histopathological grades
(P<0.05). There was no corresponding relationship between
bcl-2/JH fusion gene formation and bcl-2 protein expression
in CCC (P <0.05). Bax was expressed in 10.3% of 29 cases.
The ratio of bcl-2 to bax in normal liver tissues (3.5 to 1) was
different from that in tumor tissues (7.0 to 1).

CONCLUSION: It is suggested that bcl-2/JH fusion gene
formation is not a frequent event and may not play an important
role in the pathogenesis of CCC. However, aberrant ratio of
bcl-2 to bax protein expression may be involved in the course
of tumorigenesis of CCC. Abnormal bcl-2 protein expression
may not be solely resulted from bcl-2/JH fusion gene.

Guo LL, Xiao S, Guo Y. Detection of bcl-2 and bax expression
and bcl-2/JH fusion gene in intrahepatic cholangiocarcinoma.
World J Gastroentero/ 2004; 10(22): 3251-3254
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INTRODUCTION

Bcl-2 genewasfirst identified in B-cell leukemiaand follicular
lymphomawhich confered a survival advantage on B-cells by
inhibiting apoptosis. Bcl-2 geneat chromosome 18isjuxtaposed
with theimmunoglobulin heavy chain gene (JH) on chromosome
1414, Thet (14; 18) chromosome translocation was present in
70%to 85% of follicular lymphomaandin 20%to 30% of diffuse
large-cell lymphomas™. While aberrant expression of bcl-2
protein was aso found in follicular lymphoma. In the early
study, bcl-2 genewas mainly investigated in lymphoid tissues.
Recently, bcl-2 gene aberrant expression has been observed in
avariety of tumors, such as adenocarcinoma of the prostate,
bladder carcinoma, squamous cell carcinoma of the lung,
nasopharyngeal carcinoma, breast carcinoma and cholangioc-
arcinoma®>*". However, bcl-2/JH fusion geneand itsrel ationship
with bcl-2 protein expression have not been detected in

cholangiocd lular carcinoma(CCC).

Bax, an important homologue of bcl-2, is a promoter of
apoptosis. It has been proposed that the sensitivity of cellsto
apoptosis stimuli be closely related to theratio of bcl-2/bax and
other bcl-2 homology. When bcl-2isin excess, cdlsare protected.
However, when bax isin excess and bax homodimers dominate,
cellsare susceptible to gpoptosis*®. Whether bcl-2/bax expression
raio isinvolved in the course of tumorigenesis of CCC remains
unknown.

In this study, we demonstrated that bcl-2/JH fusion gene,
bcl-2 and itsrelated protein bax expression with semi-nested
in situ PCR (SNISPCR) and immunohistochemistry in 29 cases
of CCC to understand the relationship between bcl-2 gene and
itsrelated protein bax in CCC.

MATERIALS AND METHODS

Tissue preparation

A total of 29 samples were obtained by surgical resection in
our department from 1995-06-01 to 1998-02-28. All sampleswere
independently reviewed by two pathologists and graded as
recommended by WHO. The cases of CCC were classified as
follows: 6 cases of well differentiated, 14 cases of moderately
differentiated and 9 cases of poorly differentiated carcinomas.
Undamaged liver tissues from surgical resection specimens of
young adults with minor liver injury who underwent partial
hepatectomy were used as normal controls. All tissues were
fixedin40g/L formaldehyde (pH 7.0) for 12-24 h and embedded
in paraffin and then 4 um thick serial sections were cut and
mounted on poly-I-lysine coated dlides.

Immunohistochemical staining

The sections were deparaffinized and rehydrated routinely.
Antigenswere retrieved by heating the sectionsin amicrowave
oven at 700 W in 10 mmol/L citrate buffer (pH 6.0) for 10 min.
After blocked with 3 mL/L H,O, and swine serum, specimens
were then incubated with the primary antibodies, directed
against bel-2 (Maxim Biotech Co., China) and bax (Senta Cruz).
The staining was performed by streptavidin peroxidase enzyme
conjugate method using a S-P kit (Zymed). Reaction products
werevisuaized by DAB. Brown-yellow granulesin cytoplasm
were recognized as positive staining.

Semi-nested in situ PCR

Pretreatment: Sections were deparaffinized and dehydrated
routinely, then washed in 0.1 mol/L HCI and PBS, digested with
proteinase K (10 mg/L), and placed on the platform in aDNA
thermal cycler at 98 °C for 2 min.

Amplificationin stu: Thefinal volume of 20 pL (200 pmol/L
each of dJATP, dCTR, dGTPand dT TR, 1.5 U Taq polymerase,10x
buffer). Two and half sets of primers specific for the two hot
breakpoint regions on bcl-2 gene were synthesized according
to the DNA sequences published by Gribben*. The following
oligonucleotideswereused asprimer pairs: A, 5 -CAGCCTTGA
AACATTGATGG-3 for the mbr (in major breakpoint region);
B, 5-CGTGCTGGTACCACTCCTG-3 for the mer (in minor
breakpointregion); C,5 -TATGGTGGTTTGACCTTTAG-3 for
thembr (inmajor breskpoint region); D, 5 -GGACCTTCCTTGG
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TGTGTTG-3 former (inminor breskpoint region); Immunoglobulin
heavy chain(JH), 5 -ACCTGAGGAGACGGTGACC-3 . Atfirg,
mbr-JH fusion genewasamplified by primer A and JH, and mcr-
JH fusion gene was amplified by primer B and JH. The dides
were covered after adding reaction mixture. The sampleswere
subjected to 25 amplification cycles, each cycle consisiting of
denaturation at 94 °C for 1 min, annealingat 55 ‘C for 1 minand
extension at 72 °C for 1 min. The final extension period was
extended to 10 min. Reamplification wasperformed for 30 cycles
using primer C, JH for mbr-JH fusion geneand D, JH for mer-JH
fusion gene. The conditions were the same as stated above.

In situ hybridization

The coverswere removed and dehydrated routinely. The dides
wereincubated in 40 g/L poly formeldehydefor 10 min. Forty pL
hybridization solution (probe concentration 50 pmol/L) was
added ondidesovernight a 37 °C inawet box. Theoligonucleotide
probe was labeled with biotin. Sequences of the probes were
5'-CCCTCCTGCCCTCCTTCCG-3 formbrand5'-GGACCTTC
CTTGGTGTGTTG-3 for mer.

Non-specific antigen was blocked with 20 mL/L bovine serum
and 3 g/L Triton X-100, followed by incubation with anti-biotin
antibody alkaline phosphates mixture for 1 h. Slides were then
visualized with BCIP/NBT. Purple-blue granulesin nuclel were
regarded as positive.

Controls

Follicular lymphoma was used as positive control. Negative
controls included blank control with no primers, dNTP or Tag
polymerase omission in PCR reaction solution, and probe
omission in hybridization solution. To exclude fal se positive or
negative results, each sample was analyzed at |east twice. Non-
corresponding tissues such as normal skin tissue were also
treated to exclude the false positive possibility.

Statistical analysis

Statistical significance was calculated by x?test, which was
used to analyze the relation between bcl-2 and bax protein
staining and positive bel-2/JH fusion gene and histopathol ogical
grades. P<0.05 was considered as statistically significant.

RESULTS

Expression of bcl-2 protein in CCC

Twenty-one of 29 cases expressed bcl-2 protein, induding 5 well
differentiated, 13 moderately differentiated and 3 poorly
differentiated carcinomas. There was a statistically significant
difference between moderately differentiated and poorly
differentiated carcinomasin Bcl-2 expression (P<0.05, x?=5.58).
Bcl-2 wasaso expressed in 87.5% (14/16) innormd liver tissues
of smdl bileducts (Figures 1, 3).

Detection of bcl-2/JH fusion gene in CCC
Bcl-2/JH fusion gene was not detected in any case of CCC and
normal liver tissues.

Relationship between bcl-2 protein expression and bcl-2/JH
fusion gene

No bcl-2/JH fusion gene was detected in bcl-2 protein positive
and negative groups. There was no correlation between bcl-2
protein expression and bcl-2/JH fusion gene.

Expression of bax protein in CCC

Bax was expressed in 3 (10.3%) of 29 cases, in which 1/6 was
well differentiated carcinoma, 2/14weremoderately differentiated
carcinomasand nonewas poorly differentiated carcinoma. There
wasno statistically significant difference between bax expression

and histological grades. Four (25%) of 16 normal liver tissue
samples expressed bax protein (Figures 2, 4).

Figure 1 Primary hepatic cholangiocarcinoma. Brown-yel-
low staining in cytoplasm of carcinoma cells for bcl-2 protein
(arrowhead) Immunohistochemistry staining x200.

Figure2 Primary hepatic cholangiocarcinoma. Brown-yellow
gainingin cytoplasmof carcinomacelsfor bax protein (arrowhesd)
Immunohistochemistry staining x200.

[
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Figure 3 Normal liver. Brown-yellow staining in cytoplasm
of small bile duct epithelial cells for bcl-2 protein (arrowhead)
Immunohistochemistry staining x200.

il

Figure 4 Normal liver. Brown-yellow staining in cytoplasm
of small bile duct epithelial cells for bax protein (arrowhead)
Immunohistochemistry staining x200.

Ratio of bcl-2 to bax in normal liver and CCC
In normal liver tissues, the expression rates of bcl-2 and bax
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were 87.5% and 25%, while positive rates of bcl-2 and bax were
72.4% and 10.3% in CCC respectively. Theratio of bcl-2 to bax
was3.5tolinnormal livertissuesand 7.0to 1in CCC (Figure5).

g 40T

Figure 5 Non-Hodgkin‘s lymphoma. Purple-blue deposition
in nuclear of lympoma cells (positive for mbr, arrowhead). In
situ PCR x400.

DISCUSSION

Varying resultsof bcl-2 protein expressionin CCC werereported.
Bcl-2 protein expression in normal and pathol ogical human liver
has been reported by Charlotte et al.[*Y. In the report, Charlotte
et al. described that bcl-2 protein was expressed by small bile
duct epitheliain normal liver, but not by hepatocytes or large
bileduct epithelia. Eight of 11 CCCswere stained positively for
bcl-2, whereas all 15 hepatocellular carcinomas were bcl-2
negative. So the authors suggested that bcl-2 protein appeared
tobeadiagnogtic marker in distinguishing CCC from hepatocd lular
carcinoma™. Skopelitou et al. found all ten samples of CCC
werepositivefor bcl-2 protein staining™. Ito et al. reported 31.7%
(13/41) of CCCswere positive for bcl-2 protein™!. However,
Teradaet al. showed low or negative expression of bcl-2 protein
in bile duct epitheliaand CCCl*#7. In our report, 21 of 29 CCCs
expressed bcl-2 protein (72.4%), which was similar to that
reported by Charlotte et al. Significant differences of bcl-2
expression in CCC have not been known yet, probably because
of thedifferent methodsused, and the difference of intrahepatic
cholangiocarcinoma specimens from the liver{t31€l,

To clarify therole of bel-2/JH in the pathogenesis of CCC,
mbr-JH and mer-JH which have been shown to be theimportant
molecular event in the genesis of follicular lymphoma, were
also studiedin 29 casesof CCC. Thisisthefirst study to examine
bcl-2/JH fusion genein CCC by in situ PCR. Mbr-JH or mer-JH
was negativein al cases of CCC. It is suggested that bcl-2/JH
fusion gene formation was not acommon event and might not
play an important rolein the pathogenesis of CCC.

Inthe present study, bcl-2 protein expression did not correlate
with bcl-2/3H in CCC. Similar resultswereal so found in mucosa-
associated lymphoma, large cell lymphoma, Hodgkin' s disease
and nasopharyngeal carcinoma?-%!. These findings suggested
that abnormal bcl-2 protein expression might not be solely
resulted from bcl-2/JH fusion sequences. Whether other types
of bcl-2 gene aberrance such as mutation or methylation
corresponding to bcl-2 protein expression are existed in CCC
requires further investigation.

Compared to ahigh expression rate of bcl-2in CCC (72.4%),
only 10.3% (3/29) samples expressed bax. To understand the
significance of the ratio of bcl-2 to bax in the regulation of
apoptosis, Oltvai et al.!*¥ found that over-expressed bcl-2 in
two cell lineswith high levels of bax and in cellswith the lowest
bcl-2tobax ratio (0.55) was 73% viableat 24 h, but lost viability by
d 7. When cdlswith high bcl-2 to bax ratios (2.04 and 1.65), they
possessed viable cells over 2 wk following IL-3 deprivation.
These data suggested amodel in which theratio of bcl-2 to bax
could determine surviva or death following an gpoptotic stimulus.
Similar resultswere also found by Lilling et al. and otherg%29.

Thedteration of Bcl-2 and Bax might bean important mechanism
in the pathogenesis and progression of some tumors®>-%, Yue
et al.® showed that Bcl-2/Bax in acute myel ogenous leukemia
was significantly higher than that in normal control (P<0.001).
Madewell et al.* found that the bax:bcl-2 ratio was lower in
skin tumors than that in normal skin. But alowered bcl-2/bax
ratio and increased apoptosis were observed in oral squamous
cell carcinomas, compared with normal oral epitheliumi®. In
thisstudy, theratio of bcl-2to bax (7.0to 1) in CCC wasdifferent
from that in normal small bile ducts (3.5 to 1). We suppose that
the changes of the ratio between bcl-2 and bax protein may
influence the susceptibility of bile duct cellsto apoptosis and
would beinvolved inthetumorigenesisof CCC. Further evidence
would be obtained from further investigations.
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Abstract

AIM: Activation of transcription factor nuclear factor-kB
(NF-kB) has been shown to play a role in cell proliferation,
apoptosis, cytokine production, and oncogenesis. The purpose
of this study was to determine whether NF-kB was constitutively
activated in human colorectal tumor tissues and, if so, to
determine the role of NF-kB in colorectal tumorigenesis, and
furthermore, to determine the association of RelA expression
with tumor cell apoptosis and the expression of Bcl-2 and
BCl'XL.

METHODS: Paraffin sections of normal epithelial, adenomatous
and adenocarcinoma tissues were analysed immunohisto-
chemically for expression of RelA, Bcl-2 and Bcl-x, proteins.
Electrophoretic mobility shift assay (EMSA) was used to
confirm the increased nuclear translocation of RelA in colorectal
tumor tissues. The mRNA expressions of Bcl-2 and Bcl-x,
were determined by reverse transcription polymerase chain
reaction (RT-PCR) analysis. Apoptotic cells were detected
by terminal deoxynucleotidyl transferase-mediated deoxyuridine
triphosphate fluorescence nick end labeling (TUNEL) method.

RESULTS: The activity of NF-kB was significantly higher in
adenocarcinoma tissue in comparison with that in adenomatous
and normal epithelial tissues. The apoptotic index (AI)
significantly decreased in the transition from adenoma to
adenocarcinoma. Meanwhile, the expressions of Bcl-2 and
Bcl-x_ protein and their mRNAs were significantly higher in
adenocarcinoma tissues than that in adenomatous and
normal epithelial tissues.

CONCLUSION: NF-kB may inhibit apoptosis via enhancing
the expression of the apoptosis genes Bcl-2 and Bcl-x.. And
the increased expression of RelA/nuclear factor-«kB plays
an important role in the pathogenesis of colorectal carcinoma.

Yu LL, Yu HG, Yu JP, Luo HS, Xu XM, Li JH. Nuclear factor-kB
p65 (RelA) transcription factor is constitutively activated in
human colorectal carcinoma tissue. World J Gastroentero/
2004; 10(22): 3255-3260

http://www.wjgnet.com/1007-9327/10/3255.asp

INTRODUCTION

Re/NF-kB isafamily of dimerictranscription factorsthat control
the expression of humerous genes involved in cell growth,
differentiation, regulation of apoptosis, cytokine production,
and neoplastic transformation!*3. The Rel/NF-kB family
comprises NF-kB1 (p50), NF-kB2 (p52), and the Rel proteins,
R A (p65), RelB, and c-Rd, which haveahighleve of sequence
homology within their NH2-terminal 300 amino acids, the Rel
homology domain®. The p50 and p52 can interact with the
RelA proteins to form all possible homo- and heterodimer
combinations. The most common dimer isthe RelA (p65) /NF-
KB1 (p50) heterodimer, i.e., NF-kB. In most unstimulated cells,
Rel/NF-kB proteins are sequestered in the cytoplasm and are
complexed with specific inhibitor proteins called kB that
render the Rel/NF-kB proteinsinactive®. Stimulation of cells
leads to phosphorylation and degradation of 1kB and allows
translocation of Rel/NF-kB to the nucleus, resulting in
expression of target genes?. A surprising variety of inducers
have been found to activate Rel/NF-k B, These pathways are
involved in innate immune responses that involve cytokines
such as tumor necrosis factor (TNF) -a and IL-1, responses
to physical stresses such as UV light and ionizing radiation
(x and y), and responses to oxidative stresses such as
hydrogen peroxide and butyl peroxide®.

Severd investigators have reported constitutive activation
of NF-kB in varioustypes of human tumor cell lines, including
those of lymphoid origin such as Hodgkin/Reed Sternberg cells®,
T-cell lymphomaHut 78 celld”, and multiple myelomacells®.
In addition, nonlymphoid cell lines including ovarian cancer
cellg9, lung carcinoma cellg'%, breast cancer cellgY, thyroid
carcinoma cellsi*?, melanomas®¥, and bladder cancer cellsi4
exhibited enhanced NF-kB activity.

Recent studies also indicated that NF-kB was congtitutively
activated in tumors such as pancreatic cancer and breast
cancer(t51¢. However, littleinformation is available concerning
NF-kB activation in colorectal carcinoma, which is one of the
most aggressive forms of cancer. The major objective of this
Sudy wasto determinewhether NF-KB wascondtitutively activated
incolorectd carcinomatissues, to examinewhether the expression
of Bcl-2 and Bcl-x, was regulated by NF-kB activation, and to
evaluate the correlation between NF-kB activity and apoptosis
in colorectal carcinoma

MATERIALS AND METHODS

Materials

Tennorma colorectal mucosa, thirty colorectal adenoma(average
age of the patients: 56.8 years), and thirty colorectal carcinoma
(average age of the patients: 58 years) patientswho gaveinformed
consent before surgical treatment were entered into the present
study. Specimenswere obtained from the Department of Pathology,
Renmin Hospita, Wuhan University (Wuhan, Ching). The patients
had received neither chemotherapy nor radiation therapy before
tumor resection. To justify comparisons, we excluded lesions
from patients with familial colon carcinoma syndrome and
suspected de novo cancers. Tissues were fixed with 40 g/L
formaldehyde and embedded in paraffin for H & E staining and
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immunohistochemistry. Tissue specimens were snap-frozen
immediately inliquid N, and stored at -80 ‘C for EM SA assays
and RT-PCR andysis. The study was approved by the Indtitutional
Board of the Ethics Committee of Wuhan University under full
consideration of the declaration on human rights of Helsinki.

Immunohistochemistry

Formalin-fixed, paraffin-embedded tissue blockswere cut into
5 um thick and mounted onto glass dides. After that, they were
keptinanovenat 4 “C overnight. Immunostai ning was performed
as previously described with a slight modification™?. Sections
were deparaffinized in xylene and rehydrated. Endogenous
peroxidase activity was blocked with 1% hydrogen peroxide
for 20 min. To improve the quality of staining, microwave
oven-based antigen retrieval was performed. Slides were
probed with either anti-Rel A (1:50, mouse monoclonal, Santa
Cruz Biotechnology), anti-Bcl-2 (1:100, mouse monoclonal,
Santa Cruz Biotechnology) or anti-Bcl-x, (1:100, mouse
monoclonal, Santa Cruz Biotechnology). Sectionswere washed
three times with PBS for 10 min each and incubated with
biotin-labeled anti-mouse 1gG for 1 h at room temperature.
After three washes with PBS for 10 min each, sections were
stained with a streptavidin-peroxidase detection system.
Incubation with PBS instead of the primary antibody served
as a negative control. In specimens containing positive cells,
the positive cells were counted in ten randomly selected
fields under high power microscope (200-fold or 400-fold
magnification) for each sample, and the average was expressed
as the density of positive cells.

Determination of apoptosis

The TUNEL assay, originally described by Gavrieli et al.*®,
was used with minor modifications. Briefly, tissue sections of
5 pum were mounted onto glass dides, deparaffinized, hydrated,
and treated for 15-30 min at 37 ‘C with proteinase-K (Roche
Co.; 20pg/mL in20mmol/L Tris-HCI buffer, pH 7.4). Sideswere
rinsed twicewith PBS. Then, 50 uL of TUNEL reaction mixture
(450 pL nucleotide mixture containing fluoresceinated dUTPin
reaction buffer plus50 pL enzyme TdT from caf thymus, Roche
Co.) were added to the samples. To ensure homogeneous
distribution of the TUNEL reaction mixture on tissue sections
andto avoid evaporetiveloss, dideswere covered with coverdips
during incubation. Slides were incubated in a humidified
chamber for 60 minat 37 'C. After rinsed, dideswereincubated
with anti-fluorescein antibody, with Fab fragment from sheep,
conjugated with horse-radish peroxidase for 30 min at 37 C.
Slides were rinsed twice with PBS. Then, 50-100 pL of DAB
substrate was added and incubated for 10 min at room temperature.
Samples can be counterstained prior to analysis by light
microscope. Positive signals were defined as presence of a
distinct brown color nuclear staining of the neoplastic cells or
morphol ogically defined apoptotic bodies. The apoptotic index
(Al) was determined by counting a total of at least 1 000
neoplastic nuclei in 10 randomly chosen fields at 400-fold
magnification. Apoptotic cellswereidentified usinga TUNEL
assay in conjunction with characteristic morphol ogical changes
such as cell shrinkage, membrane blebbing, and chromatin
condensation, to distinguish apoptotic cells and apoptotic
bodies from necrotic cells.

EMSA

Nuclear extractswere harvested according to protocol s described
previously.™ In brief, fresh samples were minced and
homogenized in 400 pL of hypotonic lysisbuffer A (10 mmol/L
HEPESpH 7.9, 10mmol/L KCI, 0.1 mmol/L EDTA, 0.1 mmol/L
EGTA,1 mmol/L DTT, and 1 mmol/L PMSF). Homogenized
tissues were incubated on ice for 5 min, NP-40 was added to a

final concentration of 5 g/L, and sampleswerevigoroudy mixed
and centrifuged. The cytoplasmic proteins were removed and
the pellet nuclei were resuspended in 50 pL buffer C (20 mmol/L
HEPESpH 7.9, 0.4 mol/L NaCl, 1 mmol/L EDTA, 1 mmol/L
EGTA, 1 mmol/L DTT, and 1 mmol/L PMSF). After 30 min
agitation at 4 °'C, the sampleswere centrifuged and supernatants,
containing nuclear proteins, were transferred to a fresh vial.
The protein concentrations of nuclear extracts were determined
by Bio-Rad protein assay. The nuclear extracts were stored at -
80 “C until use. Nuclear protein extracts of carcinomas, adenomes,
and normal tissueswere analyzed by EM SA for NF-kB nuclear
translocation as previously described?>?3, EM SA binding
reaction mixture contained 8 g protein of nuclear extracts, 2 ug
of poly (deoxyinosinic- deoxycytidylic acid) (SigmaCo.), and
[2P]-labeled double-stranded oligonucl eotide containing the
binding motif of NF-kB probe (4 000 cpm) in binding buffer
(10 mmol/L HEPESpH 7.9, 50 mmol/L NaCl, 1 mmol/L EDTA,
1 mmol/L DTT, 100 mL/L glycerol, and 0.2 g/L abumin). The
sequence of the double-stranded oligomer used for EM SA was
5-AGTTGAGGGGACTTTCCCAGGC-3'. Thereaction was
incubated for 30 min at room temperature before separation on
a 50 g/L acrylamide gel, followed by autoradiography. For
supershift experiments, 2 ug of mouse monoclonal antibodies
against the p65 subunit (Santa Cruz Biotechnology) of NF-kB
wasincubated with the nuclear extracts 10 min before the addition
of the [*2P]-labeled probe and then analyzed as described.

RT-PCR

ThemRNA expressionsof Bcl-2 and Bcl-x, wereassessed using
RT-PCR gtandardized by coamplifying housekeeping gene 3-actin,
which served as an internal control. Total RNA was isolated
from the normal epithelial, adenomatous and adenocarcinoma
tissues by the single-step method®. Total RNA was reversely
transcribed into cDNA and used for PCR with human specific
primersfor Bcl-2, Bcl-x, and B-actin. Sequencesof Bcl-2 primers
were5' -CAGCTGCACCTGACGCCCTT-3 (forwardprimer)and
5-GCCTCCGTTATCCTGGATCC-3' (reverseprimer),generating
a199 bp PCR product; for Bcl-x, , the forward primer was 5’ -
AAGGATACAGCTGGAGTCAG-3 andthereverseprimer was
5'-ATCAATGGCAACCCATCCTG-3', generatinga316bp PCR
product; for B-actin, theforward primer was5' -AGCGGGAAAT
CGTGCGTGAC-3 andthereverseprimerwas5 -ACTCCTGCT
TGCTGATCCACATC-3', producing a471 bp PCR product{?21,
Briefly, the PCR wasamplified by 32 repeat denaturation cycles
a 95 'C for 30 s, annedingat 60 C for 30s, and extensonat 72 'C
for 30 s. During the first cycle, the denaturation was extended
to 2 min, and in thefinal cycle the extension step was extended
to 5 min. PCR products were separated on 15 g/L agarose gels
containing 0.5 g/L of ethidium bromide and visualized by UV
transillumination.

Statistical analysis

All statistical analyseswere performed with SPSS10.0 stetistical
package for Microsoft Windows. Student’st test and one-way
analysisof variance (ANOVA) were used to compare continuous
variables among groups. Correlation coefficients between
continuous variableswere cal culated by the method of Pearson’s
correlation coefficient. The x? test was used to compare binomial
proportions. A P vaue of <0.05 was considered significant.

RESULTS

RelA/NF-kB expression in colorectal carcinoma tissues

To investigate whether RelA/NF-kB-DNA binding activities
were atered in human colorectal carcinomatissues, we first
carried out immunohistochemical analyses. The monoclonal
antibodies used in this study detected only activated RelA
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Figure 1 Immunohistochemical staining of RelA in tissue sections of colorectal adenoma (A) and adenocarcinoma (B, C). RelA
protein is mainly expressed in the cytoplasm of tumor cells and nuclear accumulation of RelA is also detected. x200.

proteingd*. RelA staining was shown as brown color and
detected in normal colorectal mucosa, colorectal adenomaand
colorectal adenocarcinoma specimens. In colorectal adenoma
and adenocarcinoma, positive staining of RelA was mainly
observed in the cytoplasm, and nuclear staining for RelA wasaso
detected (Figure 1). Tissuesof colorectal adenocarcinomashowed
more cellswith nuclear staining for RelA than thosein col orectal
adenomatissues. No nuclear gaining for RelA wasfoundinnormal
colorectal mucosa. As shown in Table 1, the density of RelA-
positive cellswassgnificantly increased (P<0.01) in thetransition
from normal mucosa to adenoma and adenocarcinoma.

EMSA

To confirm thefinding that Rel A/NF-kB-DNA binding activities
were activated in human colorectal carcinomatissues, wecarried
out EMSA analyses. Figure 2 shows increased NF-kB DNA
binding activity in adenocarcinomatissues compared with that
in adenoma and normal tissues. HPIAS-1000 SOFTWARE
ANALY SIStook theimage of electrophoresis. The absorbance
of EMSA brands showed that the Rel A/NF-k B complexeswere
not presented in normal colorectal epithelium, 0.6587+0.0021in
adenocarcinoma, and 0.2153+0.0013 in adenoma. The RelA
expressionsweresignificantly increased (P<0.05) inthetrangtion
from normal colorecta epithelium to colon tumor tissues. To
confirm the specificity of NF-kB DNA binding, we performed
supershift analysis with antibodies specific for RelA (p65)
and a competitive study with a 50-fold excess of unlabeled
oligonucleotide. An antibody specific for RelA which recognizes
Rel A/NF-kB heterodimer, unlabel ed oligonucl eotide dimini shed
theintensity of RelA/NF-kB complexes, indicating that complex
was the NF-kB binding-specific band. Our results showed that
Rel A wasfrequently activated in human colorectal tumor tissues
but not in normal colon tissue.

A 12345678910 B 1234567

i <~ Supershift

Figure 2 Electrophoretic mobility shift assay demonstrating
increased nuclear translocation and DNA binding of NF-kB.
A: lane 1, positive control (using Hela nuclear extract); lane 2,
normal; lanes 3-6, adenocarcinoma; lanes 7-10, adenoma. B:
lane 1, positive control (using Hela nuclear extract); lanes 2-3,
specific competitor (using excess of unlabeled oligonucleotide);

lanes 4-5, adenoma; lanes 6-7, adenocarcinoma; lane 4 and 6,
supershift (addition of p65 antibodies to the nuclear extracts).

Bcl-2 and Bcl-x, protein expression in colorectal carcinoma
tissues

In the present study, the expressions of Bcl-2 and Bcl-x, were
also investigated using immunohistochemistry. Immunostaining
specific for Bcl-2 and Bcl-x, was cytoplasmic and shown as
brown color (Figures 3, 4). The expressions of Bcl-2 and Bcl-x,
were significantly increased (P<0.01) from norma mucosato
tumor tissue (Table 1). Expressions of Bcl-2 and Bcl-x, were
both significantly associated (r = 0.95,0.88; P<0.05) with RelA
expression in adenoma and adenocarcinoma.

Table 1 Changes in expression of RelA, Bcl-2, Bel-x, and Al in
transition from normal mucosa to tumor tissues

Group n RelA Bcl-2 Bel-x, Al

Normal 10 9.31+0.56 15.62+0.75 11.35+0.71 13.09+0.78
Adenoma 30 54.01+4.53 55.64+6.51 56.43+6.14 105.91+6.11

Adenocarcinoma 30 70.92+7.23 78.23+8.33 77.32+6.51 31.53+3.71

Figure 3 Immunohistochemical staining of Bcl-2 in tissue
sections of colorectal adenoma (A) and adenocarcinoma
(B). Bcl-2 expression is restricted to the cytoplasm of cancer
cells. x200.
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Figure 4 Immunohistochemical staining of Bcl-x, in tissue sections of colorectal adenoma (A) and adenocarcinoma (B). Bel-x,

expression is restricted to the cytoplasm of cancer cells.x200.

A
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Figure 5 The mRNA expressions of Bcl-2 and Bcl-x, were assessed using RT-PCR standardized by coamplifying the housekeep-
ing gene B-actin. A: the mRNA expression of Bcl-2. lanes 1-3, adenocarcinoma; lanes 4-6, adenoma; lane 7, normal; lane 8, marker.
B: the mRNA expression of Bcl-2. lane 1, marker; lane 2, normal; lanes 3-5, adenoma; lanes 6-8, adenocarcinoma.

Figure 6 TUNEL staining in tissue sections of colorectal adenoma (A) and adenocarcinoma (B). TUNEL staining is restricted to

the nucleus of apoptotic cells.x200.

Bcl-2and Bel-x, mRNA expression in colorectal carcinomatissues
RT-PCR analysisof mRNA expressionsof Bcl-2 and Bcl-x, was
standardized by co-amplifying these geneswith the housekeeping
gene B-actin. HPIAS-1000 SOFTWARE ANALY SIS took the
image of electrophoresiswith (3-action asinternal standard. The
relative absorbance of MRNA expressionfor Bcl-2: 2.43+0.27%
innormd tissues, 17.96+1.51%in adenoma, and 36.71+2.17%in
adenocarcinoma; for Bcl-x,: 3.54+0.33% in normal tissues,
23.02+2.11%in adenoma, and 39.71+2.49% in adenocarcinoma
(Figure5). Our results showed that colon tumor tissue condtitutively
expressed Bel-2 and Bel-x, . ThemRNA expressionsof Bcl-2 and
Bcl-x, were significantly increased (P<0.05) in the transition
from normal colorecta epithelium to colon tumor tissue.

Cell apoptosis

In this study, TUNEL staining was restricted to the nucleus of
apoptotic cells. TUNEL -positive staining cells were detected
in normal colorectal mucosa, adenoma, and adenocarcinoma.
The Al was significantly increased (P<0.01) in the transition

from normal colorectal mucosato adenoma, but decreased from
adenoma to adenocarcinoma (Figure 6). There was no
association between the Al and the histological classification
of adenomaand adenocarcinoma. The density of RelA-positive
cellsinversely correlated with the Al in the transition from
adenomato adenocarcinoma (r = -0.89; P<0.001).

DISCUSSION

We have demonstrated that RelA-DNA binding activity was
constitutively activated in the majority of human colorectal
carcinomas. Whereastherolefor RelA/NF-kB intumorigenesis
has not firmly established, recent work has suggested that it
may play arolein this process. RelA/NF-kB activation has
been shown to be necessary for tumor formation in Hodgkin
lymphomacells§%#1. More recently, theinhibition of RelA/NF-
KB activity through theuse of specific NF-kB inhibitors(gliotoxin
and MG132) resulted in spontaneous caspase-independent
apoptosis in Hodgkin and Reed-Sternberg cells?®. Also, an
increase in RelIA/NF-kB levelswas identified in breast cancer
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cdl lines, primary human breast cancer, hepatocd lular carcinoma,
pancreatic adenocarcinoma, and gastric carcinoma when
compared with nontransformed controls or normal tissues®>*2.
In addition, NF-kB transcriptional activity was required for
oncogenic Ras-induced cellular transformation’®3, which likely
occurred through the inhibition of transformation-associated
apoptosis®. However, theroleof NF-kB in colorecta tumorigenesis
is unknown and currently under investigation.

We primarily used immunohistochemistry to detect NF-kB
activation in human colorectal carcinomatissues. Itsexpression
was significantly increased in the transition from normal
colorectal mucosa to adenoma and adenocarcinoma. In our
immunohistochemical analyses, we used monoclona antibodies
to detect Rel A/NF-kB-DNA binding activities, and their
sensitivity and specificity have been characterized previously.
They were useful in differentiating between activated and
inactivated forms of RelA and facilitated the detection of the
activated RelA proteins. In the current investigation, only 10-20%
of RelA/NF-kB protein was detectable in the nucleus, which
was consistent with previous reports®?. And 80-90% of RelA
still remained in the cytoplasm when RelA proteins were
activated. Itisunclear why themgjority of RelA/ NF-kB proteins
that were freed from IKB remained in the cytoplasm. Possible
explanations for this® are: (1) IkB was mutated and therefore
could not bind to RelA and masked the nuclear translocation
signal in RelA; (2) mutationsin RelA prohibited IkB binding to
RelA, and (3) the RelA upstream signal transduction cascades
were congtitutively activated.

TheBcl-2 proto-oncogeneisan gpoptosisinhibitor originally
described inassociationwiththet (14; 18) (32; g21) trandocation
infollicular B call lymphoma, which placesthe Bcl-2 geneunder
the stimulatory control of the IgH promoter-enhancer at 14932,
resulting inincreased Bcl-2 mRNA and protein® and inhibition
of apoptosis. The Bcl-x, proto-oncogene, a member of Bcl-2
family, is ahomologue of Bcl-2 and is an apoptosis inhibitor.
The Bcl-2 and Bcl-x,. oncoproteins have been described in
normal colonic mucosal®, where these were restricted to the
epithelial regenerative compartment and the intestinal crypt
bases. In our study, the expression of Bcl-2 and Bcl-x, was
increased in the transition from normal mucosa to adenoma
and adenocarcinoma These results also show that the increased
Rel A/NF-KB expression occurred concomitantly with anincreased
expression of Bcl-2 and Bcl-x, . To date, anumber of geneproducts
that inhibit apoptosis have been identified. These include Bcl-2
and Bcl-x, genes. Indeed, Bcl-2 and Bcl-x, have beenidentified
as NF-kB target gene®, but the exact role NF-kB playsin its
regulation remains controversial.

In recent years, increasing evidence indicates that activation
of NF-kB playsan important rolein coordinating the control of
apoptotic cell death. NF-kB has been shown to prevent Fas-
induced death in B cells through the upregulation of Bcl-2 and
Bcl-x, expression®, but has also been demonstrated to promote
apoptosis in thymocytes by downregulating Bcl-2 and Bcl-x,
gene expression’®, However, the exact mechanism of NF-kB in
the regulation of apoptosisisnot entirely clear. There are at least
two distinct mechanisms by which NF-kB blocks apoptosig™=:
(2) induction of antiapoptosi sfactorsincluding IEX-1L, TRAF1,
TRAF2, c-1AP-1, c-IAP-2 etc; (2) interference of apoptotic
pathway by protein-protein interaction. However, these two
distinct mechanisms are not mutually exclusive since either
mechanism alone cannot fully explain the antiapoptotic action
of NF-kB. In our study, apoptosis was significantly decreased
in the transition from adenoma to adenocarcinoma, which was
in contrast to the expressions of RelA, Bcl-2, and Bcl-x,. We
also observed aninverserel ation between Al and the expression
of RelA in the transition from adenoma to adenocarcinoma,
implying that increased RelA protein expression to a certain
level might be anti-apoptotic and thus promote tumorigenic

cell behavior. The anti-apoptotic role of NF-kB has been well
characterized and various down-stream targets of NF-kB,
including Bcl-2 and Bcl-x, have been identified. In the present
study, the statistical correlation between the increased
expressonof RelA, eevated Bel-2 and Bel-x, expressionimplies
that in colorectal tissue, activation of RelA might exhibit anti-
apoptotic effects at least in part through upregulation of Bcl-2
and Bcl-x, expression. This has been shown to decrease
mitochondrial permeability changes and cytochrome C release
and thus to block apoptosig=.

To date, NF-kB has been believed to play an important role
in coordinating the control of apoptotic cell death. However,
the mechanism by which NF-kB blocks apoptosis is still
controversial. Some laboratories have reported that activation
of NF-kB isableto either promote or prevent apoptosis, depending
on different stimuli and different cell types“®*. For example,
Grimm et al.* reported that serum starvation activated NF-kB
and induced human embryonic kidney cells into apoptosis.
Qin et al.[* found that NF-kB activation contributed to the
excitotoxin-induced death of striatal neurons. However,
somewhat inconsistent results have also been presented by
Beg and Baltimorel®! that NF-k B activation generally inhibited
apoptosis in embryonic fibroblasts. A question arises: who is
right on earth? Wethink the answer isexpected by further studies.

In conclusion, our results demonstrate that the Rel A/NF-
kB pathway is activated congtitutively in colorectal carcinoma
tissues, suggesting that activation of RelA/NF-kB might play
an important role in colorectal tumorigenesis. Further studies
are required to elucidate the mechanisms of NF-kB activation
and to determine whether NF-kB might serve as atherapeutic
target in the anti-neoplastic treatment of colorectal cancer.
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Abstract

AIM: To investigate the expression of vascular endothelial
growth factor-C (VEGF-C) and the relationship between VEGF-
C and lymphangiogenesis, lymph node metastasis in colorectal
cancer.

METHODS: Fifty six cases of colorectal cancer were selected
randomly. Expression of VEGF-C was detected by immuno-
histochemistry, and lymphatic vessels were stained by enzyme
histochemical method.

RESULTS: VEGF-C expression was found in 66.7% (37/56)
patients. In VEGF-C positive and negative patients, the
lymphatic vessel density was 25.16%+7.52 and 17.14+7.22,
respectively (P<0.05). The rate of lymph node metastasis
in VEGF-C positive patients (81.1%) was significantly higher
than that in the negative group (42.1%).

CONCLUSION: VEGF-C expression may induce lymphangi-
ogenesis in colorectal cancer, as a result, tumor cells can
entry the lymphatic vessels easily. VEGF-C may serve as a
useful prognotic factor in colorectal carcinoma.

Jia YT, Li ZX, He YT, Liang W, Yang HC, Ma HJ. Expression
of vascular endothelial growth factor-C and the relationship
between lymphangiogenesis and lymphatic metastasis in
colorectal cancer. World J Gastroentero/ 2004; 10(22):
3261-3263

http://www.wjgnet.com/1007-9327/10/3261.asp

INTRODUCTION

Colorecta cancer isacommon cause of death throughout the
world including China. The lymphatic system is the primary
pathway of metastasis for gastrointestinal tract malignancies,
and the extent of lymph node involvement is akey prognostic
factor for the outcome of patients. However, the mechanism of
lymphatic metastasis remains unclear.

Lymphangiogenesis, the development of new lymph vessds,
isarelatively new area of clinical investigations. Recently,
vascular endothelial growth factor C (VEGF-C) has been
identified asanew member of the VEGF family!™3, andisbelived

to be the only lymphangiogenic factor in the VEGF family. It
activates both vascular endothelial growth factor receptor 2
(VEGFR-2) and VEGFR-31*4. VEGF-Cinducesthepraliferation
of lymphatic vessels in the stroma of gastric carcinoma by
activating VEGFR-3 in lymphatic endothelial cells®. But the
precise role of VEGF-Cin colorectal cancer hasnot been clearly
understood. Therefore, in the current study, we used an enzyme-
histochemica method for 5'-nucleotidase (5'-Nase) to digtinguish
lymph vessdlsin colorecta carcinoma, and immunohistochemistry
to examinethe correlation between the expression of VEGF-C,
lymphangiogenesis and the clinicopathol ogic features.

MATERIALS AND METHODS

Patients

Fifty-six Chinese colorectal carcinoma patientswere surgicaly
treated in the Department of Surgery, the Forth Hospital of
Hebei Medica University, Chinafrom 2001 to 2002. Thepatients
included 34 maesand 22 females, and ranged in agefrom 33 to
75 years (average age 58.5 years). Thelesionsincluded 13 colon
cancers and 43 rectal cancers, two patients with stage |, 17
patients with stage 11, 34 patients with stage I11 and three
patientswith stagelV.

Immunohistochemistry

Immunohistochemical stainingfor VEGF-Cwasperformedusing
the streptavidin-peroxidase technique. Formalin fixed and
paraffin embeded tissues were cut into 4 um thick sections and
placed on saline coated dides. After deparaffinizationin xylene
and rehydration, endogeneous peroxidase activity was blocked
after incubated with 30 mL/L hydrogen peroxidasefor 20 min.
Tissue sections were then autoclaved at 121 °C in 10 mmol/L
citrate buffer (pH 6.0) for 10 minfor antigen retrieval and cooled
at room temperature for 30 min, them incubated for 3 hwith a
1:40dilution of anti-VEGF-C rabbit polyclonal antibody (Santa
Cruz Biotech, USA). Bound peroxidase was visualized using a
solution of diaminobezidine as chromogen, and nuclei were
counterstained with hematoxylin. Scoring was carried out by
two independent observers who were blinded to the patient’s
status. Positive staining was defined as the presence of VEGF-
C immunoreactivity in at least 10% of tumor cells.

Enzyme-histochemistry

Cryosections (7 um thick) of tissue were processed for 5’-
nucl eotide-alkaline phosphatase (5’ -Nase-AL Pase) doublestaining
accordingto Ji etal.’sreportl®. After rinsedin 0.1 mol/L cacodylate
buffer (pH 7.2), specimenswereincubated in thereaction medium
for 5'-Nasefor 50 minat 37 ‘Cwith 5 -adenosine monophosphate
(AMP) (Sigmachemical, St. Louis, MO, USA ) asasubstrate,
lead nitrate (Sigma, USA) as a capture agent, and 2 mmol/L L-
tetramisole (Sigma, USA) asan inhibitor of nonspecific alkaline
phosphatase. After washed with distilled water, the tissues were
treated with 10 mg/L ammonium sulfide solution for 1 min at
roomtemperature. Then, the sectionswereincubated inthereaction
medium for ALPasefor 30 min at 4 °C with fast blue BB, N,N-
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dimethylformamide, naphtol AS-MX phosphate (Sigma, USA).

Lymphatic vessel density (LVD) counting

The stained sections were screened at x40 magnification to
identify the regions of the highest vascular density within the
tumor. Lymphatic vesselswere counted in 3 regionsof the highest
vascular density at x100 magification. The number of lymphatic
vessels was the mean of vesselsin these areas.

Statistical analysis

The data were analysed by t test and x? test. All reported P
values weretwo-sided, and P <0.05 was considered stetistically
significant.

RESULTS

Immunohistochemistry

In specimens of normal colorectal mucosa, no VEGF-C protein
wasstained. Among the 56 examined tumors, 37 (66.7%) showed
VEGF-C protein expression in the cytoplasm (Figure 1).
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Figure 1 VEGF-C in cytoplasm of colorectal adenocarcinoma
(SP x200).

Enzyme-histochemistry

Lymphatic vessels were 5'-Nase positive (brown) and blood
vessels were AL Pase positive (blue). The most lymphatic
vesselswere enlarged and dilated especialy in peritumor aress.
Thewadlsof lymphetic vesselswerethinner than that of blood vessdls
and their profiles of lumens were more irregular. While the
intratumoral lymphtic vesselswerestrip-like (Figure 2). TheLVD
of VEGF-C positivetumors(25.16+7.52) wassignificantly higher
than that of VEGF-C negativetumors(17.14+7.22) (P = 0.04).
No significant lymphangiogenesis was observed in normal and
adenoma tissues.

Figure 2 Positive 5’-Nase (brown) and ALPase (blue) in lym-
phatic and blood vessels (x100).

Correlation between VEGF-C and clinicopathologic factors

VEGF-C expression was observed frequently in patients with
colorectal carcinoma. A positive association between VEGF-C
expression and lymphatic metastasis was observed (P<0.05,
Table 1). However, no significant correlations with gender,

histologic differentiation, invasivedepth, TNM stagewereobserved.

Table 1 Relationship between expression of VEGF-C and
clinicopathologic features in colorectal carcinoma

VEGF-C
Characteristic n - P
(+) =)
Male 34 25 9
Gender 0.143
Female 22 12 10
Lymph node
(+) 37 30 8
metastasis 0.007
(=) 9 8 11
Well 40 25 15
Differentiation 0.372
Poorly 16 12
Muscularis 17 10 7
Invasion depth 0.499
Adventitia 39 27 12
I-11 19 13 6
Stage 0.790
1H-1v 37 24 13
DISCUSSION

Clinica and pathological data pointed to the metastasis of solid
tumorsviathelymphaticsasanimportant early eventin metastatic
diseased”. However, little has been achieved in lymphangiogenesis
and the role of lymphangiogenesisin promoting the metastasis
of tumor cellsviathe lymphatic vessels. Thismight, in part, be
due to difficulty in studing lymphatic vessels because of their
morphology and lack of lymphatic-specific markers'®7.
Approximatly 10 years ago, Kato et al.’® devel oped an enzyme-
histochemical method for 5’ -Nase-AL Pase to distinguish
lymphatic vessels from blood vessels. Many other markers
such as LY VEL and podoplanin were found later’®'®. Now,
lymphangiogenesisor new lymphatic vessel growth hasbecome
an exciting area of reaserch in cancer biology!*¥. So far, the
occurrence and involvment of lymphangiogenesis have been
demonstrated in some experimental mousetumors, human head
and neck cancers, oral squamous cell cancer by using these
markersi®?, Similarly, in our study, lymphangiogenesis was
observed in primary colorectal carcinomas, and the vicinity of
tumor was the dominant region. Mogt of lymphatic vesselswere
dilated, as aresult, tumor cells could invade the lymphatics
easily. On the other hand, most of the intratumor lymphatic
capillaries were strip-like. 1t is believed that tumor cells could
utilize peritumoral lymphatics to spread, while intratumoral
lymphatics should be regarded as an additiona pathway rather
than a necessity for metastasisi*”.

Vascular endothelia growth factor-C (VEGF-C) isthefirst
lymphangiogenic factor identified. Moreover, there is ample
evidencefor the expression of VEGF-C in human tumors. But
the precise role of VEGF-C in colorectal cancer is less well
understood. With respect to VEGF-C expression, several authors
have demonstrated associations between this growth factor
expression and poor clinicopathol ogical outcome®®?, Immuno-
histochemical detection of VEGF-C expression at the deepest
invasive site of colorectal carcinomawas found in about 50%
advanced tumors. Furudoi et al ' suggested that the expression
of VEGF-C was correl ated with lymphatic and venousinvasion,
lymph node status, Dukes stage, liver metastasi's, depth of invasion,
poorer histological grade and microvessel density.

Itiswidely known that VVEGF-C can bind to both VEGFR-2
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andVEGFR-3. Activation of VEGFR-2 resultsinthemitogenesis
of vascular endothelial cells. In contrast, VEGFR-3 activation
by VEGF-C is considered to induce proliferation of lymphatic
endothelia cells. Thus, angiogenic versus lymphangiogenic
responses to VEGF-C have been found to depend on the
expression of itsreceptorsin blood versuslymphatic endothelial
cellsof thetarget tissud?. In addition, the activation of lymphatics
by VEGF-C is considered to induce secretion of chemokines
and similar factors by the lymphatic endothelium, thus attracting
tumor cells and facilitating their entry into lymphatics®.
BesidesVVEGF-C, another new member of VEGFfamily, VEGF-D,
could a so stimulate lymphangiogenesisby activating VEGFR-3
in human tumorg®-*3. But the relationship between VEGF-C
and VEGF-D expressions, as well as the role of VEGF-D in
human tumorsis still unclear.

In summary, our findings demonstrate a causal role of
lymphangiogenesis in tumor metastasis, suggesting VEGF-C
expression is related to the high incidence of metastasisin
colorectd carcinoma However, themechanismof lymphangiogenesis
isextremely complex, whichisasubject of ongoing investigation.
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Abstract

AIM: To determine the genotypes and phylogeny of hepatitis
B viruses (HBVs) in asymptomatic HBV carriers, and the
prevalence of occult HBV infection in Long An County, Guangxi
Zhuang Autonomous Region, an area with a high incidence
of hepatocellular carcinoma.

METHODS: A nested polymerase chain reaction (nPCR)
was used for detection of HBV DNA in serum samples from
36 blood donors with asympmatic HBV infection, and in
serum samples from 52 HBsAg negative family members
of the children who did not receive hepatitis B vaccination
in Long An County. PCR products were sequenced, and
the genotype of each HBV sequence was determined by
comparison with sequences of known genotypes in the
GenBank and EMBL nucleotide databases using the BLAST
programme. Phylogenetic trees were constructed by the
quartet maximum likelihood analysis using the TreePuzzle
software.

RESULTS: Twenty (55.56%) of 36 HBV asymptomatic
carriers were positive for HBV DNA. They were all genotype
C by comparison with sequences of known genotypes in
the GenBank and EMBL nucleotide databases. The full-length
HBV DNA sequence isolated from the sample No. 624
contained 3 215 bases. No interesting mutations were
found in this isolate. The homology analysis showed that
this strain was closer to the Viethamese HBV genotype C
strain, with a homology of 97%, compared its relation to
the same genotype of HBV isolated in Shanghai. Six (11.5%)
of the 52 HBsAg negative family members were positive
for HBV DNA. A point mutation was found in the sample
No. 37, resulting in the substitution of amino acid glycine
to arginine in the “a” determinant. Other samples with
positive HBV DNA did not have any unusual amino acid
substitutions in or around the “a” determinant, and were
attributed to the wild-type HBV.

CONCLUSION: The HBVs isolated from asymptomatic

carriers of Long An County were all identified as genotype
C, and the prevalence of occult HBV infection in the
population of the county is as high as 11.5%. It is suggested
that genotype C and persistent occult HBV infection may
play an important role in the development of HCC in the
county.

Fang ZL, Zhuang H, Wang XY, Ge XM, Harrison TJ. Hepatitis
B virus genotypes, phylogeny and occult infection in a region
with a high incidence of hepatocellular carcinoma in China.
World J Gastroentero/ 2004; 10(22): 3264-3268

http://www.wjgnet.com/1007-9327/10/3264.asp

INTRODUCTION

Infection with hepatitis B virus (HBV) may lead to a wide
spectrum of liver diseases ranging from mild, self-limited to
fulminant hepatitisin acuteinfection, and from an asymptomatic
carier dateto severechronic hepatitis, cirrhosis, and hepatocdlular
carcinoma(HCC) in chronicinfection. Human HBV, aprototype
member of the family hepadnaviridae, is a circular, partially
double-stranded DNA virus of approximately 3200 ntfY.
Traditionally, HBV was classified into 4 subtypes or serotypes
(adr, adw, ayr, and ayw) based on antigenic determinants of
hepatitis B surface antigen (HBsAQ)[@. Epidemiological studies
found that the prevalence of these serotypes varied in different
parts of the world. In addition, antibody to the common
determinant “a’ confers protection against all serotypes.
Advancesin molecular biology techniques reveal ed significant
diversitiesin sequences of HBV isolates, accounting for alelic
differences among the 4 major HBV serotypes. Based on an
intergroup divergence of 8% or morein the complete nucleotide
sequence, HBV has been classified into eight genotypes,
designated as A to H®l. Recent reports suggested that
infections with HBV genotype C were associated with more
severe liver diseases, including HCC, than infections with
genotype B!®®, However, HBV genotype B was suggested to
be associated with the devel opment of HCC in Taiwanese below
the age of 50 years?.

Occult HBV infection is characterized by the presence of
HBYV infection with undetectable HBsAg. Undoubtedly, carriers
of occult HBV may transmit the virusthrough blood transfusion
or organ transpl antation. Epidemiologica and molecular studies
performed sincethe 1980sindi cate that persistent HBV infection
might play acritical role in the development of HCC and in
HBsAg-negative patients®,

The incidence rate of HCC in Long An County, southern
Guangxi, China, isabout 49.9/100 000, the highest in the world,
and over 90% of HCC casesin the county are individualswith
positive HBsAg in serum!*>¥3_ |n this study, HBV preC and
basic corepromoter from 36 HBV asymptomatic carriersinLong
An County were amplified and sequenced. The whole genome
of astrain from one of the carriers, and genotypes and phylogeny
of all the isolates were also analyzed to clarify the difference
among HBV strainsfrom different areas. In addition, 52 serum
samples from family members of children without hepatitis B
vaccination, with negative HBsAg, from the county were
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detected for HBV DNA to determine the prevalence of occult
HBYV infection in the population.

MATERIALS AND METHODS

Serumsamples

A total of 36 sera were obtained from asymptomatic blood
donors who were infected persistently with HBV in Long An
County, southern Guangxi, China. Another 52 serum samples
were collected from family members of children failed to have
hepatitis B vaccination from the county. Sera were tested for
HBsA(g, anti-HBc, anti-HBs, HBeAg, and anti-HBe using HBV
Marker ELISA kits (produced by Xiamen Xinchuang Scientific
Technology Company, Limited, Fujian, China) (Tables1, 2).

Table 1 Serological markers of 20 asymptomatic carriers with
positive HBV DNA

No. Age (yr) Sex HBsAg Anti-HBs Anti-HBc HBeAg Anti-HBe
601 18 Male + - + +
602 18 Male + - + +
603 28 Female + - + +
604 20 Male + - + +
605 27 Male + - + +
606 18 Male + - + +
607 31 Female + - + +
609 22 Female + - + +
610 19 Male + - + +
615 38 Male + - + +
618 22 Male + - +

619 20 Male + - + +
621 24 Male + - + +
622 28 Male + - + +
623 30 Male + - + +
624 25 Male + - + +
629 28 Female + - + +
630 28 Female + - + +
633 18 Male + - + +
634 19 Male + - + +

Table 2 Serological markers of HBsAg-negative asymptom-
atic carriers with positive HBV DNA

Sample No. HBsAg Anti-HBs Anti-HBs HBeAg Anti-HBe Anti-HBc
Titre (mIU/mL)

1 + 51 - + +
14 + 108.0 - +

16 + 18.2 - + +
23 - + 13.9
25 - - - - + +
37 - - - - - +

PCR amplification and sequence analysis

DNA was extracted from 85 pL serum by phenol/chloroform
extraction following digestion by pronase. For preC and basic
core promoter amplification: thefirst round of PCR 35 cycles
was carried out using primers B935 (nt 1240-1260, 5’
GCGCTGCAGAAGGTTTGTGGCTCCTCTG-3')andMDC1
(nt2304-2324,5 -TTGATAAGA TAGGGGCATTTG-3'). For
each cycle, the sampleswasamplified at 94 °C for 30s,a 50 'C
for 30s,and at 72 °C for 90 sin a50 pL reaction. The second

round of 30 PCR cycles was carried out on 5 pL of the first
round product using primers CPRF1 (nt 1 678-1 695, 5’-
CAATGTCAACGACCGACC-3)and CPRR1 (nt 1928-1948,
5'-GAGTAACTCCACAGTAGCTCC-3') andthesamereaction
conditions of the first round.

For the surface gene amplification: the first round of 35
ycles PCR was carried out using primers MD14(5'-GCGCT
GCAGCTATGCCTCATCTTC-3', nt 418-433) and HCO2 (5'-
GCGAAGCTTGCTGTACAGACTTGG-3',nt 761-776). Foreach
cyclethe sampleswasamplifiedat 94 °C for s, at 45 C for 45,
andat 72 °C for 2minina50 pL reaction. The second round of
30 PCR cycleswascarried out on 5 L of thefirst round product
using primers ME15 (5’ -GCGCTGCAGCAAGGTATGTTG
CCCG-3, nt 455-470) and HDO3 (5 -GCGAAGCTTCATCAT
CCATATAGC-3', nt 734-748) and the same reaction conditions
of the first round. PCR products from the second round were
confirmed by 15 g/L agarose gels electrophoresis and then
purified using the Wizard (PCR Preps DNA purification system
(Promega, Madison, WI) according to the manufacturer’s
instructions. Cycle sequencing was carried out directly on 2
mL purified DNA using primers CPRF1 and 33P-dATP by the
thermo sequenase radiolabeled terminator cycle sequencing
kit (USB Corporation, Cleveland, OH) according to the
manufacturer’sinstructions.

SampleNO. 624 was sel ected for whole genome sequencing.
ItsDNA wasextracted from 170 pL serum by phenol/chloroform
extraction following digestion by pronase. The whole HBV
genome was amplified in three fragments. Primersfor fragment
1 for thefirst and second round PCR were LSOB1, BPOLEO1
and LSBI1, and POLSEQ2. Primersfor fragment 2 for thefirst
and second round PCRwereMDN5, BPOLEO1, BPOLBO2 and
PSISEQ2. Primersfor fragment 3 for thefirst and second round
PCR were POLSEQ1, MDD2, POLSEQ6 and MDC1. The
conditions of 30 PCR cycleswereat 94 C for 30s, at 50 C for
30s,andat 72 °C for 90 sina50 pL reaction. PCR productsfrom
the second round PCR for each fragment were cloned into the
vector pCR2.1 (Invitrogen, Leek, The Netherlands) and mini
preparations of DNA made from 1.5 mL of 15 mL cultures of
individual colonies by phenol extraction and ethanol precipitation
of the cell pellet. Plasmids with inserts were identified by
digestion with EcoRI and remainder of the cultures used for
extraction of DNA using a QI Aprep spin kit (Qiagen, Crawley,
UK). The purified DNA was sequenced as above. Sequencing
primersfor fragment 1 were LSB1, PSISEQ2, ds2, ds, ADELN,
MD14, ADELP, POL SEQ8, POL SEQ9, POL SEQ6, POLSEQ?2.
Primers for fragment 2 were BPOLBO2, POL SEQ4, L SOB1,
POL SEQ5and PSISEQ2. Primersfor fragment 3were POL SEQS,
B935, BPOLEO1, MDN5, B936 and MDCL1 (Tables 3, 4).

Table 3 PCR Primers

Primers Sequence Position (nt)
LSOB1 5-GGCATTATTTGCATACCCTTTGG-3" 2739-2762
BPOLEO1 5-CTGAGAGTCCAAGAGTCCTCT-3’ 1657-1677
LSBI1 5-TTGTGGGTCACCATATTCTT-3’ 2809-2829
POLSEQ2 5'-AGCAAACACTTGGCATAGGC-3’ 1168-1188
MDN5 5-AGGAGGCTGTAGGCATAAAT-3’ 1774-1794
BPOLEO1 5-CTGAGAGTCCAAGAGTCCTCT-3’ 1657-1677
BPOLBO2 5 -TCTTGTCTTACTTTTGGAAGA-3’ 2216-2236

PSISEQ2 5-GCTGTTCCGGAATTGGAGCC-3’ 65-84
POLSEQ1 5’-ACCAAGCGTTGGGGCTACTC-3’ 847-866
MDD?2 5'-GAAGAATAAAGCCCAGTAAA-3’ 2481-2500
POLSEQ6 5-TTTCACTTTCTCGCCAACTTA-3’ 1089-1109
MDC1 5-TTGATAAGATAGGGGCATTTG-3’ 2304-2324
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Table 4 Sequencing primers

Primers Sequence Position (nt)
LSB1 5-TTGTGGGTCACCATATTCTT-3’ 2809-2829
PSISEQ2 5-GCTGTTCCGGAATTGGAGCC-3’ 65-84
ds2 5-AGTCCGGTACGTCACCTTG-3 3198-1
ds 5’-TACCGAAAATGGAGAACACA-3 147-166
ADELN 5’-TAGTCCAGAAGAACCAACAAG-3’ 432-453
MD14 5'-GCGCTGCAGCTATGCCTCATCTTC-3'  418-433
ADELP 5-CCTGTATTCCCATCCCATCATC-3’ 597-618
POLSEQ8 5-TGTTTTCGAAAACTTCCTGT-3’ 943-962
POLSEQY9 5-ACAGGAAGTTTTCGAAAACA-3 943-962
POLSEQ6 5-TTTCACTTTCTCGCCAACTTA-3’ 1089-1109
POLSEQ2 5’-AGCAAACACTTGGCATAGGC-3’ 1168-1188
BPOLBO2 5 -TCTTGTCTTACTTTTGGAAGA-3’ 2216-2236
POLSEQ4 5-AAATGCCCCTATCTTATCAA-3’ 2305-2323
LSOB1 5-GGCATTATTTGCATACCCTTTGG-3"  2739-2762
POLSEQ5 5-GGGTCCTTGTTGGGGTTGAAG-3’ 2979-2999
B935 5'-GAAGGTTTGTGGCTCCTCTG-3’ 1240-1260
BPOLEO1 5-CTGAGAGTCCAAGAGTCCTCT-3’ 1657-1677
MDN5 5'-AGGAGGCTGTAGGCATAAAT-3’ 1774-1794
B936 5-TGGAGGCTTGAACAGTAGGACAT-3’" 1851-1874
MDC1 5-TTGATAAGATAGGGGCATTTG-3’ 2304-2324
Database sequences

The following complete genomes (represented by their
accession number) were used in phylogenetic tree analyses:
genotype A: AJ344115; genotype B: AF282917, D00331,
genotype C: AY 040627, AF461357, M38454, AY 057948,
AF241410, AF241411, AF330110, AB048705, AB026812,
D00329, AB014398, X75665, X14193, X52939, X59795;
genotype D: AF280817, AJ344116; genotype E: X75664;
genotype F: AB036908; genotype G: AF405706.

Genotype and phylogeny analysis

The genotype of each HBV sequence was determined by
comparison with sequences of known genotypesinthe GenBank
and EMBL nucleotide databases using the programme
BLAST™. Phylogenetic trees were constructed by maximum
likelihood analysisby quartet puzzling*®. TreePuzzleisavailable
at http://www.tree-puzzle.de.

RESULTS

HBV genotypes

Compared with sequences of known genotypesin the GenBank
and EMBL nucleotide databases using the programme BLAST, all
genotypesof each HBV sequence from the 20 asymptomatic HBV
carriersin Long An County were found to be genotype C viruses.

Characterization of HBV genome structure

Thefull-lengthHBV-DNA sequenceof HBV isolated fromsample
No. 624 was determined by direct sequencing. This strain
contained 3 215 bases. Its serotypeis adw. There were 40 point
mutations in polymerase gene resulting in changes of 11 amino
acids. Therewere 11, 2, 3 point mutationsin PreS1, PreS2 and S
genes, leading to 3, 1, 1 amino acids changed in the respective
regions. The amino acid mutation in PreS1 was TPP—~PHQ at
codes 68-70. Six point mutationsincluding the double mutations
were found in X gene causing changes of 4 amino acids. There
were also 13 point mutationsin C gene, leading to 2 amino acids
changed. No mutation wasfound in“a’ determinant and Pre C.

Phylogeny analysis
Thehomology with 23 HBV strainsin GenBank was determined

by using the programme TreePuzzle. The HBV strain isolated
from sample No. 624 in Long An County was closer to the
Vietnamese HBV of genotype C, with 97% homology between
them, as compared to the isolates of the same genotype from
Shanghai, Beijing and Tibet in evolution (Figure 1).

AF241411
AF241410
624
AY057948
— D00331
—— D00329
|~ poosso
AF282917
AB048705
AJ344115
X14193
AB036908
AF405706
. - AR461357
AB026812
M38454
— X52939
—— AB014398
L X59795
—— X75664
| [~ Ar280817
AJ344116
—— X75665

{ AY040627
AF330110

Figure 1 Phylogenetic trees based on comparison of the whole
genome. The trees were created by maximum likelihood analy-
sis using the TreePuzzle software with AF241411 as outgroup.

Prevalence of occult HBV infection

After nested PCR amplification, six samples of 52 family
membersof childrenwithout immunization of HBV vaccinewere
positivefor HBV DNA, counting for 11.5% (6/52) (Table 2). The
region of surface ORF of the sampleswith positive HBV DNA
positive, including the “a’ determinant of HBsAg, was
sequenced. A point mutation from guanosine to adenosine at
nucleotide position 587 resulted in an amino acid substitution
from glycineto argininein the highly antigenic“a’ determinant
of HbsAg, which was found in sample No. 37 only and was
negative for both HBsAg and anti-HBs. The other sampleswith
positiveHBV DNA did not have unusual amino acid subgtitutions
in or around the “a’ determinant, and were attributed to the
wild-type HBV of genotype C.

DISCUSSION

In 1988, Okamoto et al.™® established amethod to classify HBV,
and analyzed the complete HBV nucleotide sequences and
classified them into four different HBV genotypes designated
from A to D, according to an intergroup divergence of >8%,
and an intragroup divergence of <5.6%. Today, HBV has been
classified into eight different genotypes designated from A to
H#51617 gand HBV genotypes have a pattern of geographical
distribution®®*. Genotype A is prevalent in Northern and
Central Europe, but isaso common in North Americaand sub-
Saharan Africa. Genotypes B and C are confined to Asia,
genotype D iswidespread but is the predominant genotype in
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the Mediterranean region, while genotype E isfound mainly in
West Africa. Genotype F shows the highest divergence among
the genotypes and is indigenous to aboriginal populations of
the Americad®®. Genotype G was found in USA and France?,
genotype H in the Central America®, and genotypes A, B, C
and D in China. The predominant genotypein Chinais genotypes
B and C'2122,

Theincidenceof HCCinLong An County isabout 49.9/100 000
and the prevalence of HBsAg in the county is 16%**% and
more than 90% of hepatocellular carcinoma (HCC) cases are
individuals positive for HBsAg in serum™. In Japan, HBV
genotype C was found to be closely associated with severe
liver diseases and the devel opment of HCC!"4, athough young
HCC patientswere found to be HBV genotype C in Taiwan(?,

HBYV infection is usually diagnosed when the circulating
HBsAg is detected. However, advances in molecular biology
techniques revealed that alow level of HBV DNA could be
detected in serum and liver tissue in some individuals who
were negative for HBsAg#27. Although there are some studies
on occult HBV infection, the precise prevalence of thisclinical
entity is still unknown. Luo et al.'® found that the prevalence
rate of occult HBV infection in Guangdong and Hainan
Provinceswas2.0% (6/294) and 3.4% (68/1 995), respectively in
thegeneral population. Bower et al . reported that the prevalence
was 4.3% (11/258) in subjects without liver diseasein USA. In
this study, wefound that the prevalence of occult HBV infection
in Long An County was higher (11.5%, 6/52). The mechanisms
that HBV carriershavealow, but stableleve of viral replication
remain to be defined. HBV strains might have mutationsin S
region resulting in occult HBV infection3. This kind of
mutations was found in one of our samples. In addition, this
type of carriers should be added to the typical HBsAg-positive
carriers constituting about 16% of the general population, to
estimate more precisely the propotion of asymptomatic HBV
carriersin Long An County. It is clear that the prevalence of
HBYV infection in Long An County is in correspondence with
its high incidence of HCC.

To extend the knowledge of molecular features of natural
HBYV isolates, sample No. 624 in this study was selected for
whole genome sequencing. This strain contained 3 215 bases.
HBsAQ region segquence showed that it belonged to serotype
adw. No special mutation which could change the expression
function of viral proteins was found in the sequence of this
isolate. By homology andysiswith 23 HBV strainsin GenBank,
this isolate was found to be closer to the Vietnamese HBV
genotype C straint®¥ than to the genotype C isolates from
Shanghai inevol ution™, with 97% homol ogy with the Vietnamese
isolate. At present, the only explanation about thisisthat Long
An County is geographically closeto Vietham.

In summary, HBV infections in Long An County are
atributableto HBV genotypes C. The prevalence of occult HBV
infection in Long An County is higher.
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Abstract

AIM: To evaluate the efficacy and safety of oxymatrine capsule
in treatment of hepatic fibrosis in patients with chronic viral
hepatitis.

METHODS: It was a randomized, double blind, placebo-
controlled, multicenter clinical study. One hundred and forty-
four patients were divided into oxymatrine capsule group
(group A) and placebo group (group B).The course was
52 wk. Patients were visited once every 12 wk and the last
visit was at 12 wk after cessation of the treatment. All patients
had liver biopsy before treatment. part of them had a second
biopsy at the end of therapy. Clinical symptoms, liver function
test, serum markers of hepatic fibrosis were tested. Ultrasound
evaluation was performed before, during and at the end of
therapy.

RESULTS: One hundred and forty-four patients enrolled in
the study. Of them 132 patients completed the study according
to the protocol,49 patients had liver biopsy twice (25 patients
in group A and 24 in group B). At the end of therapy, significant
improvements in hepatic fibrosis and inflammatory activity
based on Semi-quantitative scoring system (SSS) were
achieved in group A. The total effective rate of the treatment
was 48.00%, much higher than that of 4.17% in group B
(P<0.05). Significant improvement in serum markers of hepatic
fibrosis such as hyaluronic acid (HA) and type III procollagenic

peptide (P III P) in group A was seen (P<0.05). The total
effective rate of serum markers at the end of therapy in group
A was 68.19%, much higher than that of 34.85% in group
B (P<0.05). The total effective rate of noninvasive markers
at the end of therapy in group A was 66.67%, much higher
than that of 30.30% in group B (P<0.05). The rate of adverse
events was similar in two groups.

CONCLUSION: Oxymatrine capsule is effective and safe in
treatment of hepatic fibrosis due to chronic viral hepatitis.

Mao YM, Zeng MD, Lu LG, Wan MB, Li CZ, Chen CW, Fu QC,
Wang JY, She WM, Cai X, Ye J, Zhou XQ, Wang H, Wu SM,
Tang MF, Zhu JS, Chen WX, Zhang HQ. Capsule oxymatrine
in treatment of hepatic fibrosis due to chronic viral hepatitis:
A randomized, double blind, placebo-controlled, multicenter
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INTRODUCTION

Hepatic fibrosisisakind of compensating and healing response
in the liver to liver injury induced by a variety of causes and
asoacommon pathologica processof many chronicliver diseases
characterized by hyperplasiaand deposition of fibro-connective
tissues. Itisessential to block the genesisand progress of hepatic
fibrosig5*2U Oxymatrineisakind of alkaloid extracted froma
Chinese herb Sophora al opecuraides L. which has been proved
to have antihepatic fibrosis effect!®”1#29. |n this paper, we
reported the clinica study dataof oxymatrine capsulein treatment
of hepatic fibrosisin patients with chronic viral hepatitis.

MATERIALS AND METHODS

Resarch design

This study was aclinical trial characterized by multicentre,
randomization, double blinding, and placebo-control. Enrolled
patientswere randomly assigned into oxymatrine capsule group
(group A) or vacant placebo control group (group B), with 72
cases in each group and a treatment course of 52 wk. This
study was conformed to the Good Clinical Practice (GCP) of
China. The research protocol was discussed and approved by
the Ethic Committee of Nationa Clinical Research Base of Drugs
inthe Institute of Digestive Disease of Renji Hospital. Informed
consent was obtained from each patient.

Selection of subjects

Enrolled criteriawere age: 18-65 years regardlessof sex; positive
serum markers of hepatitis B virus (HBV) and hepatitis C virus
(HCV) for at least 6 mo before enrolIment; abnormal serum value
of daninetransaminase (ALT) twice or morewithin 6 mo before
enrollment; liver biopsy examination during 1 mo before
enrollment indicating the stage of hepatic fibrosis from 1 to 4
according to Nationa Criteriaof Grading and Staging for chronic
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viral hepatitis amended in 1995 and the scores of stage equal or
more than 1 assessed by the semi-quantitative scoring system
(SSS) of hepatic fibrosis; total serum bilirubin level lessthan or
equal to 85.5 pmol/L; no history of administrating following
drugs: antiviral drugs, immunoregulating drugs and other
antifibrotic agents; promising not to receive other systemic
antiviral agents, cytotoxic agents, immunoregulators, drugs capable
of reducing serum enzyme activity and bilirubin level, and
Chinesetraditional medicines, etc. Following situations should
be excluded: patients with positive laboratory test of HIV;
uncompensable liver diseases; suggestive of autoimmune
diseases with antinuclear antibody (ANA) titer greater than a
1:160 dilution; bone marrow inhibition; abnormality of serum
cregtininewith avaue 1.5 times greater than normal; concurrence
of other associated diseases which might affect the present
treatment such as unstable diabetes, rend insufficiency, unstable
angina pectoris, alcoholic liver disease, epilepsy, obvious
manifestations of neurosis, drug abuser, psychosis, pancredtitis,
disability of absorption and malignant disease, and so on; Having
taken other drugsin clinical trial within 30 d before the first
medication; hypersensitive to oxymatrine capsule; pregnancy
and during breast-feeding period; female conceptive patients
not adopting any contraceptives.

Treatment procedures and drugs

After completion of selection and assessment, qudified subjects
were allocated into group A or B randomly. The patientsin
group A took 300 mg oxymatrine capsules orally 3timesaday,
and 2 tablets of complex vitamins B and C at the sametimefor
52 wk. The patientsin group B took 3 tablets of vacant capsules
instead of oxymatrine capsules and complex vitaminsB and C
at the same frequency as described abovefor 52 wk. All patients
received follow-up once every 12 wk during treatment and were
followed up at out-patient department 12 wk after treatment.
Oxymatrine capsule, vacant placebo capsule, complex vitamins
B and C tablets were manufactured and provided by Ningxia
Pharmaceutic Institute and Shanghai Green Valley Ecological
Engineering Co.LTD.

Observation of indexes and assessment

Clinical manifestations Clinical symptoms and signs were
divided into grades from 0 to 3 according to the symptomatic
grading criteria, evaluated at each follow-up visit, and examined
24 and 52 wk after treatment and 12 wk after drug withdrawal .
Analyssof blood and uriner outinesand related liver function
indexes These indexeswere evaluated at each follow-up visit
and examined 52 wk after treatment and 12 wk after drug
withdrawal.

Analysisof serum markersof hepaticfibrosis Testsof serum
hyaluronic acid (HA), laminin (LN), type Il1 procollagenic
peptide (p 111 p), type IV collagen-7S (1V-7S) werefulfilled by
Military Clinical Immunologic Research Centre of Changzheng
Hospital, Second Military Medical University. Theabovemarkers
were evaluated before treatment, 24 and 52 wk after treatment,
12 wk after drug withdrawal respectively, and examined 24 and
52 wk after trestment,12 wk after drug withdrawal, respectively.
Imaging examination (type B ultrasound) The detection
included 5 indexes: maximal oblique radius of right liver lobe,
main trunk diameter of portal vein and itsblood flow parameters
per minute; width of spleen a the hilusand the diameter of spleenic
vein. Ultrasound examination was performed on fixed machines
and by fixed operators and the data were recorded and input in
computers which were read by experts. All the indexes were
evaluated before treatment and 52 wk after therapy, examined
52 wk after drug withdrawal.

Histopathological detection Histopathol ogical specimenswere
independently observed and assessed based on Nationa Criteria
of Grading and Staging for chronic viral hepatitis amended in

1995 and SSS by 3 pathologists from Department of Pathology,
Medical College, Fudan University. The observed resultswere
checked by another 3 pathologists who did not anticipate in
the study by Kappa test. The reciprocal consistence among
the above pathol ogists was satisfactory. The observed resultsin
all patients were eva uated before therapy and part of them were
evaluated 52 wk after therapy. All data were examined 52 wk
after therapy.

During treatment and after therapy was terminated, the
following eventswere recorded: combined medication, adverse
reactions and the compliance of patients.

Assessment of therapeutic effects

Indexes of histopathology The curative effect was evaluated
based on SSS. Distinctly effective: the scores of hepatic fibrosis
based on SSS from liver biopsy decreased at least 6 scores
compared with that before treastment. Effective: theabove scores
decreased at least 2 scores. Ineffective: the effect did not meet
the effective criteria

Assessment of indexesof noninvasivetests Theseindexeswere
evaluated comprehensively in terms of clinical manifestations,
serum liver fibrotic markers and ultrasound detection data.
Distinctly effective; any two values among serum liver fibrotic
indexes decreased by at least 80% compared with that before
treatment, at least the main trunk diameter of portal vein and
splenic width returned to normal after treatment, clinical
symptoms and signs disappeared or their total scores decreased
by at least 75% compared with that before treatment. Effective:
any two values among serum liver fibrotic indexes decreased
by at least 40% compared with that before treatment, the main
trunk diameter of portal vein and splenic width reduced after
treatment, clinical symptoms and signs disappeared basically
or their total scores decreased by at least 25% compared with
that before treatment. Ineffective: the effect did not meet the
effectivecriteria

Assessment of safety

Any abnormal clinical manifestations and laboratory tests
occurred during treatment were recorded and divided into 4
grades according to the criteria published by WHO and the
Ministry of Public Health of Chinain 1994.

Statistical analysis

Statistical analyses were performed by professor Su BH and
He QB from Department of Statistics, Shanghai Second Medical
University, and SAS 6.12 software kit was used.

RESULTS

Selected patients

A total of 144 patients satisfied the selection criteria. Of them,
12 caseswithdrew or were excluded during treatment, 132 cases
fulfilled the treatment course according to the required protocol
(66 casesin group A and 66 casesin group B). Before treatment,
the following general data between two groups were similar
(P>0.05, respectively): sex, age, drinking history, duration of
hepatitis, duration of abnormality of liver function and amore
than 2-fold normal elevation of serum ALT, etc. Each qualified
patient received liver biopsy beforetreatment. A total of 49 cases
had a second liver biopsy (25 casesin group A and 24 casesin
group B).

Analysis of observed indexes

Clinical symptomsand signs Clinical manifestationsin group
A wereobviously improved 52 wk after therapy (P<0.05), except
for epistaxis (P = 1.0000). Heptomegaly was also improved
sgnificantly after therapy (P=0.0313), symptomsof gum bleeding
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and epistaxiswere not improved obvioudly in group B (P>0.05).
Signs of hepatomegaly, splenomegaly and liver palm were
significantly improved in group B (P<0.05), improvement of
anorexiain group A wasgreater than thet in group B (P = 0.0263).
Liver function Indexes of liver function in group A were
significantly improved 52 wk after trestment (P<0.05) except for
serum gammaglutamino transpeptidase (GGT) and TB (P>0.05).
In group B, indexes such as serum ALT, AST, TB and akaline
phosphatase (ALP) had no obvious difference before and after
therapy (P>0.05). Compared with group B, theimprovement of
ALT and AST in group A was much greater (P = 0.0007 and
0.0025). Fifty-two wk after therapy, the normalization rate of
ALT ingroup A was 70.77%, much higher than 39.68% in group
B (P =0.0003). In groups A and B, 14 out of 46 cases (30.43%)
and 12 out of 25 cases (48.00%) had their serum ALT levels
returned to normal 52 wk after treatment ,and their serum ALT
levels became abnormal again after drug withdrawal.

Liver histologic examination Evaluation of hepatic fibrosis
based on SSS: In group A, the scores of hepatic fibrosis after
therapy were 4.72+5.63, much smaller than 6.76+6.67 before
therapy (P = 0.0001), while the scoresin group B after therapy
increased significantly (P = 0.0009). There was an obvious
difference between two groups (P = 0) (Table 1). Evaluation of
histolgic inflammatory activity based on SSS: In group A, the
scores of histologic activity decreased from 46.08+3.84 before
treatment to 4.00+£2.97 after therapy (P = 0.0002), whilethe scores
ingroup B after therapy did not decrease obvioudy (P = 0.2344).
There was an obvious difference between two groups (P = 0008)
(Table2).

Evaluation of serum marker sof hepaticfibrosis Ingroup A,
serumlevelsof HA, LN, plll pand IV-7Sdecreased significantly
24 and 52 wk after treatment (P<0.05). Ingroup B, serum levels
of LN, plll pand1V-7Sdso decreased obvioudly after treatment
(P<0.05). However, degrees of improvementinHA andp Il p

between two groupswere distinctly different (P<0.05). Ingroup
A, except for LN (P =0.1493), the other 3 liver fibrotic markers
increased significantly 12 wk after drug withdrawal compared
with that 52 wk after treatment (P<0.05). In group B, except for
HA (P =0.4212), the other markersa so increased obvioudy 12wk
after drug withdrawal compared with that 52 wk after treatment
(P<0.05). Theincrease of HA in group A was more than that in
group B (P =0.0002) and theincrease of IV-7Sin group B was
morethan that in group A (P = 0.0048).

Imaging examination After treatment, the average values of
main trunk diameters of portal vein and splenic width in group
A obviously decreased (P<0.05). However, in group B, the
above two parameters and the parameters of blood flow volume
per minuteof portal vein and diametersof splenicveinal increased
significantly compared with those before therapy (P<0.05).
The changes in main trunk diameters of portal vein and splenic
width between two groups were statisticaly significant (P<0.05).

Analysis of therapeutic effect

Assessment of histopathology based on SSS After treatment,
the rates of distinct effectiveness and effectivenessin group A
wereboth 24.00%, and thetotd effectiveratewas48.00%. Ingroup
B, none achieved distinct effectiveness and the effective rate
wasonly 4.17%; Comparison of theratesof distinct effectiveness
and effectiveness between two groups had asignificant difference
(P=0.004) (Tahle3).

Assessment of serum markersof hepatic fibrosis The total
effectiverate of group A 24 and 52 wk after therapy was 57.43%
and 68.19%, morethan 24.24% and 34.85% of group B (P=0.0002
and 0.0004, respectively). Twelve weeks after treatment, the
tota effectiverate of group A was 50.00%, morethan 15.16% of
group B (P=0.00).

Assessment of noninvasiveindexes of hepaticfibrosis After
treatment, the rates of distinct effectiveness and effectiveness

Table 1 Liver fibrotic scores before and after therapy based on Semi-quantitative Scoring System

Comparison before

Comparison within Comparison between

therapy group groups
Group Before After Before-after
Statistics P Statistics P Statistics P
A
(n =25) 6.76+6.67 4.72+5.63 2.04+2.59 96.0 0.0001
B 1.4098 0.1586 4.8834 0
(n=24) 4.13+2.82 6.33+4.04 -2.21+£3.72 83.0 0.0009

Table 2 Liver histologic activity scores before and after therapy based on Semi-quantitative Scoring System

Comparison before

Comparison within Comparison between

therapy group groups
Group Before After Before-after
Statistics P Statistics P Statistics P
A
(n =25) 6.08+3.84 4.00£2.97 2.08+2.71 69.5 0.0002
B 0.0407 0.9675 3.3543 0.0008
(n=24) 6.08+4.06 6.92+4.17 -0.83+3.38 21.5 0.2344

Table 3 Comparison of histopathology of hepatic fibrosis

Comparison between 2 groups

Group Distinctly effective Effective Ineffect-ive

Statitics x2 P
A 6 6 13
(n = 25) (24.00%) (24.00%) (52.00%)
B 0 1 23 12.6970 0.0004
(n=24) (0.00%) (4.17%) (95.83%)
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Table 4 Comparison of noninvasive markers of hepatic fibrosis

Comparison between 2 groups

Group Distinctly effective Effective Ineffect-ive

Statitics x2 P
A 2 42 22
(n = 66) (3.03%) (63.64%) (33.33%)
B 0 20 46 16.2494 0.0001
(n = 66) (0.00%) (30.30%) (69.70%)

in group A were respectively 3.03% and 63.64%, and the total
effective rate was 66.67%. In group B, the rates of distinct
effectiveness and effectivenesswere respectively 0% and 30.30%,
and the total effective rate was 30.30%.The comparison of the
above tatistics between two groups had a significant difference
(P=0.0001) (Table4).

Adverse effects

In group A, there were 5 patients who suffered from adverse
drug reactions and the incidence was 6.94%. The adverse drug
reactions mainly included nauses, rash, chest discomfort, fever,
epigastric comfort, diarrhea and poor taste, and most of them
were mild or moderate. None of the patients withdrew because
of adverse drug reactions. In group B, adverse effects occurred
in 7 patients and the incidence was 9.72%. The manifestations
weresimilar to thosein group A and 1 patient withdrew because
of weakness, anorexia, epigastric discomfort after taking drugs.

DISCUSSION

Hepatic fibrosis, a precuror of cirrhosis, is a consequence of
sever liver damage that occurred in many patients with chronic
liver disease, and involves the abnormal accumulation of
extracellular matrix®4112_ | jver fibrosis represents a major
worldwide healthcare burden. Current therapy is limited to
removing the causal agent. This approach has been successful
in some diseases, particularly in haemochromatosis and chronic
viral hepatitig®%1728, However, for many patients treatment
was not possible, while other patients presenting to medical
attention were at an advanced stage of fibrosis®?. Thereis
therefore a great need for novel therapies for liver fibrosis.
Tremendousinsightsinto the understanding of hepatic fibrosis
have taken place over the past ten years. Foremost among these
isthe recognition that hepatic stellate cells (formerly known as
lipocytes, Ito cells, or fat-storing cells) play acentral role based
on their ability to undergo activation following liver injury of
any causg 15162 Hepatic stellate cells have been recognised
to be responsible for most of the excess extracellular matrix
observed in chronic liver fibrosis. The detailed understanding
of hepatic stellate cell biology has allowed the rational design
of novel antifibrotic therapies?!. Effective therapy for hepatic
fibrogenesiswould probably also be multifactorial, based on the
basic mechanisms underlying the fibrogenic procesg3142-23,
At present, it is considered that treatment of hepatic fibrosis
and antihepatic fibros saretwo different conceptsand antifibrotic
drugs should act on various parts of the genesis and development
of hepeaticfibrogs. Firstly, asfor etiological trestment, oxymatrine
could effectively treat chronic viral hepatitis and promote the
serum markers of hepatitis B virus (HBV) and hepatitis C virus
(HCV) in chronic hepatitis B and C to convert to negative and
reduce serumlevel of ALT®7, Secondly, oxymatrine could inhibit
theproliferation of hepatic sellate cells (HSC) at the concentrations
of 0.5-16 pg/mL in vitro. In addition, oxygen stress and lipid
peroxidation are important mechanisms responsible for hepatic
injury and hepatic stellate cell activation. Therefore, inhibition
of lipid peroxidation is an essential strategy of antihepatic
fibrosig***¢. By establishing D-gal actosamine-induced rat liver

fibrosis model, we observed the effect of oxymatrine on serum
and tissue biochemical indexes, content of liver hydroxyline,
expression of TGH31 mRNA and changes of tissue pathology,
the results showed oxymatrine had prophylactic and therapeutic
effects on D-galactosamineinduced rat liver fibrosis. Thiswas
partly by protecting hepatocytes and suppressing fibrosis
accumulation through anti-lipoperoxidation!?. In present study,
We found that the scores of hepatic fibrosis after therapy in
group A were 4.72+5.63, much smaller than 6.76+6.67 before
therapy, and the scores in group B after therapy increased
dgnificantly. Therewasan obviousdifference between two groups.
The scores of histological inflammatory activity in group A
decreased from 46.08+3.84 before treatment to 4.00+2.97 after
therapy, and the scoresin group B after therapy did not decrease
obvioudy. Therewas an obvious difference between two groups
both in improvement of histopathology and in improvement of
noninvasive indexes such as clinical manifestations, serum
markers of hepatic fibrosis®?7. Associated indexes of liver
function and imaging detection indicated that oxymatrine was
anideal drug of antihepatic fibrosis. It isvaluable to pay more
attentions to the basic and clinical research of oxymatrinein
order to explorethe accurate mechanismsof itseffect on antihepatic
fibrosis.
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Abstract

AIM: Studies on Helicobacter pylori (H pylori) and gastrodu-
odenal diseases have focused mainly on the distal sites of
the stomach, but relationship with the gastric cardia is
lacking. The aim of this study is to determine if the gastric
topology and genotypic distribution of 4 pyloriwere associated
with different upper gastrointestinal pathologies in a multi-
ethnic Asian population.

METHODS: Gastric biopsies from the cardia, body/corpus
and antrum were endoscoped from a total of 155 patients
with dyspepsia and/or reflux symptoms, with informed
consent. H pyloriisolates obtained were tested for the
presence of 26kDa, ureC, cagA, vacA, iceAl, iceA2 and
babA2 genes using PCR while DNA fingerprints were
generated using random amplification polymorphic DNA
(RAPD).

RESULTS: H pyloriwas present in 51/155 (33%) of patients
studied. Of these, 16, 15 and 20 were isolated from patients
with peptic ulcer diseases, gastroesophageal reflux diseases
and non-ulcer dyspepsia, respectively. Of the H pylori positive
patients, 75% (38/51) had H pyloriin all three gastric sites.
The prevalence of various genes in the H pyloriisolates
was shown to be similar irrespective of their colonization
sites as well as among the same site of different patients.
The RAPD profiles of H pyloriisolates from different gastric
sites were highly similar among intra-patients but varied
greatly between different patients.

CONCLUSION: Topographic colonization of H pylori and
the virulence genes harboured by these isolates have no
direct bearing to the clinical state of the patients. In multi-
ethnic Singapore, the stomach of each patient is colonized
by a predominant strain of 4 pylori irrespective of the clinical
diagnosis.
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distribution nor principle virulence genes of Helicobacter pylori
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10(22): 3274-3277
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INTRODUCTION
Helicobacter pylori (H pylori) is acommon gastric pathogen
that has infected more than 50% of the world' s population®. It
isthe major agtiological agent of chronic active gastritisand is
generally accepted as being the primary cause of peptic ulcer
disease and a carcinogenic factor for gastric cancer (GC)!2.
However, only aminority of H pylori infected subjects develops
these diseases. This has led to the suggestion that clinical
sequel ae that develop may be dependent upon differentially
expressed bacterial determinants, e.g., bacterial virulence genes:
cagA, vacA, iceAl, iceA2, babA2%, In many parts of Asia,
the prevalence of cagA and vacA strainsis high regardless of the
presence or absence of disease stated®. Thislimitsthe usefulness
of using these genes as markers to predict clinical outcome.
Instead, other factorslike host susceptibility aswell as specific
interactions between a particular strain and its host that occur
during decades of coexistence might have contributed to an
increased risk of developing certain clinical manifestations'”.
Our current knowledge on the epidemiology of the organism
is predominantly based on data obtained from serologic studies.
It hasaso been reported that asinglestrain of H pylori predominates
the gastric antrum and corpus of infected patientsin Singapore’®.
However, there is a need to study whether the topographic
distribution of H pylori genotypesin various gastric sitesin
patients of different ethnic origins affectsthe disease sate. Being
an Asian country with a multi-ethnic population, Singaporeis
suitable for thisinvestigation.

MATERIALS AND METHODS

Patients
Consecutive patients with dyspepsia and/or reflux symptoms
presenting for upper gastrointestinal endoscopic examination
to one of the authors (K'Y H) and who have not been exposed to
antibiotics, proton pump inhibitors (PPI) or bismuth compounds
within the past four week were invited to participate in the study.
Peatients who previously had been trested for H pylori infection,
patientswho refused gastric biopsies, patients who were unable
to give consent because of age or mental illness and patientsin
whom gastric and oesophageal biopsies were contraindicated
(e.g., coagulopathy, oesophaged varices and severe co-morbidity),
subjects who were pregnant and those who were <18 years old,
wereexcluded. Informed consent was obtained from each patient.
A totd of 155 patientswereincluded in the sudy. The patient
population comprised 122 (79%) Chinese, 17 (11%) Indians, 8
(5%) Malays and 8 (5%) subjects of other ethnicities. Of these,
95 (61%) were males and 60 (39%) females. The mean age was
48.4+15.5 (range, 24-88) years. Based on clinical history and
endoscopic examination, patientswere classified into thefollowing
groups: gastroesophageal reflux disease (GERD) (n=50), peptic
ulcer disease (PUD) (n = 36) and non-ulcer dyspepsia (NUD)
(n=69). GERD was defined as the presence of predominant
symptoms of reflux, e.g., heartburn, acid regurgitation and/or
the presence of any length of mucosal break in the oesophagus
due to gastroesophageal reflux. NUD was defined as patients
with neither a history of GERD nor endoscopic evidence of
organic pathologies. PUD refers to patients who were either
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Table 1 Primer sequences of genes of interest

Region Primer Nucleotide sequence (5’—3°) PCR product (bp) Reference

26kDa 26kDa-F TGGCGTGTCTATTGACAGCGAGC 298 9
26kDa-R CCTGCTGGGCATACTTCACCAAG

ureC ureC-F AAGCTTTTAGGGGTGTTAGGGGTTT 294 10
ureC-R AAGCTTACTTTCTAACACTAACGC

cagA cagA-F AATACACCAACGCCTCCAAG 400 11
cagA-R TTGTTGCCGCTTTTGCTCTC

vacA vacA-F GCTTCTCTTACCACCAATGC 1160 12
vacA-R TGTCAGGGTTGTTCACCATG
m2-R CATAACTAGCGCCTTGCAC

iceAl iceAl-F GTGTTTTTAACCAAAGTATC 246 5
iceA1-R CTATAGCCAGTCTCTTTGCA 5

iceA2 iceA2-F GTTGGGTDTDTCACAATTTAT 229/334 5
iceA2-R TTGCCCTATTTTCTAGTAGGT 5

babA2 babA2-F AATCCAAAAAGGAGAAAAAGTATGAAA 831 4
babA2-R TGTTAGTGATTTCGGTGTAGGACA 4

F: forward primer R: reverse primer.

diagnosed upon endoscopy as suffering from gastric ulcers
(ulcersat the corpus) or duodenal ulcers (ulcersat the antrum). A
total of 465 biopsy specimenswere obtained fromthe 155 patients.

Endoscopy

After an overnight or six hour fast, upper gastrointestinal
endoscopy was performed according to standard technique.
From each patient, one biopsy specimens was obtained using
sterilized standard biopsy forceps from each of the three sites
of the stomach: the cardia just below the z-line, the middle
gastric corpus and the antrum within 2 cm of the pylorus, in
that order. The biopsy forceps were thoroughly cleaned with
acohol swaps between biopsiesto avoid contamination between
specimens. Thebiopsiesweretransported in 0.85% sterile sdine
to the microbiological laboratory for processing within 6 h.

H pylori culture

Each biopsy specimen was homogenised aseptically in 500 pL
of Brain Heart Infusion Broth (BHI, Oxoid Ltd., Basingstoke,
UK) enriched with 4 g/L yeast extract (Oxoid Ltd., Basingstoke,
UK). Approximately 100 pL homogenised specimensin BHI
broth were inoculated onto H pylori selective chocolate blood
agar plates and non-selective chocolate blood agar plates
respectively. The sdective blood chocolate agar was supplemented
with 3mg/mL vancomycin, 5 mg/mL trimethoprim, 10 mg/mL
nalidixic acid and 2 mg/mL amphotericin B. All the antibiotics
were from Sigma-Aldrich Chemie, Steinheim, Germany. The
plates were incubated at 37 “C for up to 14 d in an incubator
(FormaScientific, USA) containing 50 mL/L CO..

Aliquots of 50 pL of BHI-biospy suspension were each
inoculated into catalase reagent, oxidase reagent and 20 g/L
urea solution for their respective testing. An isolate was
identified as H pylori if minute (-1 mm in diameter) rounded
tranglucent colonies with gram-negative S-shaped motile cells
that exhibited positive catalase, oxidase and urease activities.
For this study, a patient was considered positive for H pylori if
the organism was isolated from any of the three gastric sites.

Genotyping of H pylori

The DNA of each 3-d old H pylori culture was extracted
according to the method as described by Hua et al .. A 50 ng
working stock of DNA was used to amplify 26kDa®, ureC'?,
cagAlt, vacA™, iceAl™, iceA2 and babA2!4 genes according
to the protocol as described by Zheng et al.!® using the specific

forward and reverse primersfor each of the corresponding genes
(Table 1). The DNA fingerprint of theH pylori was obtained by
PCR using the universal primer, 5- AACGCGCAAC-3 and
amplified according to protocol as described by Hua et al 3.
The PCR products obtai ned were e ectrophoresed and the ethidium
bromide stained gels*® were then photographed with filtered
UV illumination on Chemi Genius?(SynGene, Cambridge, UK).

Statistical Calculation

The significance of the results obtained was calculated using
SPSSv.10 for Windows (SPSS, Chicago IL) to determine the
Pearson chi-sguare whereby a P value <0.05 was considered to
indicate statistical significance.

RESULTS

H pylori isolates in various clinical groups

Of the 155 patients studied, 51 (33%) were found to harbour
H pylori in at least one of the 3 gastric biopsy sites. Inal, 43, 47
and 44 isolates were obtained from gastric antrum, corpus and
cardiarespectively, giving atotal of 134 isolates. H pylori was
present in 16/36 (44%) PUD patients as compared with 15/50
(30%) GERD petients (P = 0.169) and 20/69 (29%) NUD patients
(P=0.113) (Tahle2).

Table 2 Relationship between H pylori status and disease states

Groups No. of No. of No. of P
patients biopsies H pylori (+)

PUD 36 108 16 (44%)

GERD 50 150 15 (30%) 0.169

NUD 69 207 20 (29%) 0.113

PUD, peptic ulcer disease; GERD, gastroesophageal reflux
disease; NUD, non-ulcer dyspepsia. All test values were cal-
culated with respect to PUD; P<0.05 indicates statistical
significance.

Relationship between topographic distribution of H pylori
isolates and clinical outcomes

Of the 51 H pylori positive patients, 38 (75%) showed the
presence of H pylori in all thethree gastric siteswhile 1 (1%), 2
(4%) and 4 (8%) had H pylori isolated from antrum & corpus,
antrum & cardia, and corpus & cardia, respectively. H pylori
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wasisolated from asinglesite of the stomachin 6 (12%) patients,
among which 2 isolates were from the antrum and 4 were from
the corpus. Thistopographical pattern of H pylori colonization
was observed in all the patients irrespective of the underlying
clinical diagnosis.

Relationship between topographic distribution of H pylori genes
of interest and clinical outcomes
All the H pylori isolates possessed the 26kDa gene and the
ureC genes. The prevalence of virulence genes of interest were
presentin equal ratiosin all the H pylori isolates obtained from
all the 3 different gastric biopsy sites: 74-81% for cagA and 80-
86% for vacA; 53-59% for iceAl and 36-42% for babA2
regardless of the underlying clinical diagnosis. However, the
iceA2 genewas present lessfrequently, at 20-26% of theH pylori
isolates. It is noted that the differencein gene frequency between
the various sites was also not statistically significant (Table 3).
Similar observation was noted with respect to the distribution
of virulence genesof H pylori isolated from the same siteamong
the different disease groups. The preval ence for each virulence
gene within the same site was highly similar. No significant
association of the virulence gene was found to be associated
with a particular biopsied site, regardless of the disease state,
with the exception of cagA in isolates from the corpus of the
stomach of GERD patients (Table 4).

Table 3 Anatomical location of the 134 H pylori isolates and
their virulence genes

Antrum (%) Body/Corpus (%) Cardia(%)

n =143 n =47 n=44
Clinical Diagnosis
PUD 12 (33) 15 (42) 12 (33)
GERD 13 (26) 15 (30) 14 (28)
NUD 18 (25) 17 (24) 18 (26)
Genotype
26kDa 43 (100) 47 (100) 44 (100)
ureC 43 (100) 47 (100) 44 (100)
cagA 35 (81) 35 (74) 33 (75)
vacA 37 (86) 38 (81) 35 (80)
iceAl 25 (58) 25 (53) 26 (59)
iceA2 10 (23) 12 (26) 9 (20)
babA2 18 (42) 20 (38) 16 (36)

PUD, peptic ulcer disease; GERD, gastroesophageal reflux
disease; NUD, non-ulcer dyspepsia. All test values were calcu-
lated with respect to gastric antrum and none were significant.

Relationship between topographic distribution of H pylori strain
based on RAPD fingerprinting and clinical outcomes

For comparison, differencesin 2 or more bands of the RAPD
profileare considered different whilevariationsin band intensity
were not taken into account. On this basis, the RAPD profiles
of al theH pylori strainsisolated showed an overall similarity
inprofileswithinindividua patients, with minor differences such
asthe presence or absence of asingle band. However, distinct
differencesinthe DNA profileswere observed between patients
(Figure 1). In this study, no comparison could be made in 6
patients since H pylori was isolated from only one site of the
stomach in these patients.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
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Figure 1 PCR-based RAPD patterns of H pylori isolated from 3
gastric sites of 4 individual patients. Lanel: AHindlll M marker,
Lane 14: 1 kb M marker; Lane 2-4, 5-7, 8-10, 11-13 for patients 1,
2, 3 and 4 respectively. A: antrum; B: body; C: cardia.

DISCUSSION

It isnoted that 50% of the world’s population are infected with
H pylori but only a small proportion manifest different
gastroduodenal diseases. One of the factors contributing to
this phenomenon could be the patchy distribution of H pylori
in different gastric sites of the stomach Asmost of the earlier
studies focused on H pylori isolated from the distal sites of
the stomachf®¥, the present study showsthat H pylori isolates
obtained from all the 3 gastric sites, namely cardia, corpusand
antrum, in38/51 (75%) H pylori patientsweresmilar genotypicaly.
Care wastaken in cleaning and disinfecting the biopsy forceps
between biopsies to avoid contamination between specimens.
The results imply that H pylori colonises the entire stomach
instead of a predominant site in three quarters of our H pylori
positive patients, irrespective of theunderlying clinical diagnosis.
The finding suggests that the site of H pylori colonization or
topographic distribution does not contribute significantly to
the outcome of the infection.

Table 4 Distribution of virulence genes of 134 H pylori isolates from the same anatomical site of different patient groups

Isolates 26kDa (%) ureC (%) cagA (%) vacA (%) iceA1(%) iceA2(%) babA2(%)

Antrum

PUD 12 12 (100) 12 (100) 9 (75) 10 (83) 6 (50) 4 (33) 6 (50)

GERD 13 13 (100) 13 (100) 11 (85) 11 (85) 7 (54) 2 (15) 6 (46)

NUD 18 18 (100) 18 (100) 15 (83) 16 (89) 12 (67) 4 (22) 6 (33)
Body/Corpus

PUD 15 15 (100) 15 (100) 9 (60) 10 (67) 6 (40) 5 (33) 7 (47)

GERD 15 15 (100) 15 (100) 14 (93)! 14 (93) 8 (53) 3 (20) 8 (53)

NUD 17 17 (100) 17 (100) 12 (71) 14 (82) 11 (65) 4 (24) 5 (29)
Cardia

PUD 12 12 (100) 12 (100) 9 (75) 11 (92) 5 (42) 2 (17) 3 (25)

GERD 14 14 (100) 14 (100) 12 (86) 11 (79) 8 (57) 2 (14) 7 (50)

NUD 18 18 (100) 18 (100) 12 (67) 13 (72) 13 (72) 5 (28) 7 (39)

PUD, peptic ulcer disease; GERD, gastroesophageal reflux disease; NUD, non-ulcer dyspepsia. All test values were cal culated with
respect to PUD. *Indicates statistical significance (P =0.031).
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While studies in Europe suggested that virulence genes, eg.,
cagA and vacA affect theclinica outcome of H pylori infection®,
the present study confirms previous studies carried outin Asian
countries®™® that showed a high prevalence of cagA and vacA
genesregardless of the clinical outcome. This study comprised
Singapore patients of various ethnicities (Chinese, Malays,
Indians and other races), also shows that each of the virulence
genes, i.e., cagA, vacA, iceAl, iceA2 and babA2 were equally
distributed in H pylori isolates obtained from all the three
anatomical stesstudied regardless of the disease states. Similarly,
comparisons of these genes from the same anatomical site of
different patients showed no significant presence, except for
cagA inthe corpus of GERD isolates. However, it isimportant
to point out that the number of isolates obtained from each is
relatively low (n<:18), regardless of the disease state. As
such, the significant presence of cagA in the corpus of GERD
patients needs further analysis with alarger pool of samples
to confirm conclusively its contribution to the onset of GERD.
The data therefore suggest that virulence genes and their
topographic distribution do not contribute to the clinical
status, at least in the Singapore population. This study
supportsthe earlier reports®>*" that identifying such virulence
genesin order to predict clinical outcome may be of limited
valuein Asian H pylori isolates.

Thefinding that RAPD profiles of theH pylori isolateswere
similar from 3 different anatomical sites (antrum, corpus &
cardia) of each patient further strengthens our earlier study™®
where isolates from 2 sites (antrum & corpus) were identical.
Thisfinding is complemented by the similar status of presence
of various virulence genes in these isolates obtained from the
respective patients. As such, the isolation of a strain from any
gastric sitein asingle patient could be taken as representative
of H pylori infection present in the H pylori infected gastric
environment.

This study, which included consecutive patients with
dyspepsia and/or reflux symptoms showed a lower frequency
of PUD as compared with that of GERD. H pylori wasfoundin
only 44% of patients with PUD. This seemsto run counter to
the generally held view that H pylori occurs frequently in
Asdians patientswith PUD! ¥, However, thisfinding is supported
by an earlier study from the same unit*® showing the frequency
of reflux oesophagitis was increasing while that of duodenal
ulceration was decreasing in Singapore. The high frequency of
patients with GERD in this study also relates to the fact that the
endoscopist (KYH) sees most of the GERD patients in the
hospital. The decreasing frequency of H pylori associated
peptic ulcers was reported to be attributed to the increasing
proportion of ulcers due to NSAID use'®.

In summary, the present study shows that in Singapore, the
topographic colonization of H pylori and their virulence genes
within the host stomach do not play a significant role in the
clinical manifestations of H pylori infection. This study also
demonstrates that in Singapore, which has amultiethnic Asian
population, the stomach of each patient with dyspeptic and/or
reflux symptomsis colonized by a single predominant strain of
H pylori, irrespective of the site of isolation and the clinical
diagnosis of the patient. We suggest that the pathogenesis of
H pylori induced gastroduodenal diseases is due to a more
complex mechanism possibly involving host-pathogen interaction,
environmental and dietary factors.
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Abstract

AIM: Inducible nitric oxide synthase (iNOS) plays a central
role in the pathway of reactive oxygen and nitrogen species
metabolism when Helicobacter pylori (H pylori) infection
occurs in humans. iNOS Ser%®Leu allele, a novel genetic
polymorphism (C/T) occurring within exon 16 of the iNOS
reductase domain, may have a dramatic effect on the
enzymatic activity. The aim of this study was to determine
whether iINOS C/T polymorphism was associated with
increased susceptibility to gastric cancer.

METHODS: We conducted a population based case-control
study in a high gastric cancer incidence area, Yangzhong,
China. Questionnaires from 93 patients with intestinal type
gastric cancer (IGC), 50 with gastric cardia cancer (GCC)
and 246 healthy controls were obtained between 1997 and
1998, and iNOS genotyping was carried out. Odds ratios
(ORs), interaction index (y), and 95% confidence intervals
for the combined effects of INOS genotype and H pylori
infection, cigarette smoking or alcohol drinking were estimated.

RESULTS: The frequency of (CT+TT) genotypes was higher
in cases than in control group (24.48% vs23.17%), but the
difference was not statistically significant. After adjusting
for age and gender, past cigarette smokers with (CT+TT)
genotypes had a significantly increased risk of IGC (OR = 3.62,
95% CI: 1.23-10.64), while past alcohol drinkers with
(CT+TT) genotypes had a significantly increased risk of
GCC (OR = 3.33, 95% CI: 1.14-9.67). H pylori CagA negative
subjects with (CT+TT) genotypes had a significantly increased
risk of both IGC and GCC (OR = 2.19 and 3.52, respectively).

CONCLUSION: iNOS Sert%®Leu allele may be a potential
determinant of susceptibility to cigarette -alcohol induced
gastric cancer, but larger studies are needed to confirm the
observations.

Shen J, Wang RT, Wang LW, Xu YC, Wang XR. A novel genetic
polymorphism of inducible nitric oxide synthase is associated
with an increased risk of gastric cancer. World J Gastroentero/
2004; 10(22): 3278-3283
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INTRODUCTION
On aglobal scale, gastric cancer remains the world’' s second
most common malignancy. Thereisasubstantial international
variationin gastric cancer incidence with the highest rates reported
from China, Japan and other Eastern Asian countriest. The
discovery of Helicobacter pylori (H pylori) inthe early 1980 s
has been proven to be a turning point in understanding the
pathogenesis of thismalignancy. A major advancein thisfield
came with the recognition that chronic H pylori infection could
induce physiologic and morphol ogic changes within the gastric
milieu, which increase the risk of neoplastic transformation!?.
It has been widely accepted that chronic H pylori infection
induces hypochlorhydria and gastric atrophy, both of which
are precursors of gastric cancer!?. Epidemiological studieshave
aso indicated that infection with H pylori is considered as a
risk factor for gastric cancer®* and the WHO IARC hasclassified
this bacterium as a definite biological carcinogen®™. However,
whilethe majority of infected individuals develop no significant
clinical disease, others develop two kinds of divergent clinical
outcomes-peptic ulcer disease and gastric cancer?. The reasons
for developing these two extreme phenotypes, especially
important in gastric cancer, have remained poorly understood,
and are not explained by bacterial virulence factors alonel?.
This highlights the need to explore potential candidate genes
of the host in the pathways involved in the natural history of
H pylori infection and itsinteractions with other risk factorsin
the development of gastric cancer in a high-risk population.
The inducible form of nitric oxide (NO) synthase (iINOS) is
one of the most important enzymes involved in the pathway of
reactive oxygen and nitrogen species metabolism in the
presenceof H pylori infectionin humans. iINOSisamajor source
of NO production that is produced during inflammation by
macrophages®”. Expression of iNOSin response to cytokines
is part of the inflammatory response and contributes to tissue
damage, suggesting its possible role in the processing of
carcinogend™. iNOS contains many sitesfor prosthetic groups
and substrate binding!®, which are all potentially important for
the function of the enzyme. Furthermore, studies haveindicated
that even single amino acid changes may have dramatic effects
on enzymatic activity!®®. The human iNOS gene comprises 27
exons with the transcription start site in exon 2 (E2) and the
stop codon in E27'%, E1-13 code for the oxygenase domain,
and E14-27 encode for the reductase domain of the protein.
Both of the domains represent different functiona parts of the
enzyme?. Increased iNOS activities have been observed in patients
with chronic gastritis caused by H pylori infection, and gastric
cancer™3, A 13-21 yearsfollow-up study showed that among
the H pylori positive group, the expression of iINOS and nitro-
tyrosine was significantly higher in the group that devel oped
gastric cancer than the one that showed no evidence of gastric
cancer, suggesting that H pylori positive subjects with high
levels of reactive nitrogen speciesin gastric mucosamay be a
high-risk group for gastric cancer*®l. Furthermore, recent
studies have revealed that H pylori infection may lead to a
sustained production of reactive nitrogen species and the
formation of nitro-tyrosine contributes to DNA damage and
apoptosis in gastric mucosa™?. Infection with H pylori strains
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possessing cytotoxin-associated gene (Cag) A, a molecular
marker of H pylori virulence®, is particul arly associated with
anincreased risk of devel oping adenocarcinomaof the stomach.
It is suggested that INOS may be a susceptible gene involved
in the metabolic pathway of nitrogen and oxygen species of
free radicals, and thus may be associated with both gastric
cancer risk and H pylori infection.

Yangzhong city isone of the areasin Chinawith the highest
gadtric cancer mortaity and incidencerate. The crude mortdity rate
of gadtric cancer wasfrom 96.9 to 110.9/100 000 during 1991 and
1997, and the average adjusted incidence rate in the same period
was over 115/100 000 (unadjusted rate was 155.46/100 000),
which is over ten times higher than that in the United States'¢l.
Based on the understanding of the physiology and pathogenesis
of gastric cancer, and the genetic pathway related to H pylori
infection, we hypothesized that higher frequency of iNOS
Ser®®_eu allele (i.e. C/T polymorphism)® was responsible
for the higher gastric cancer incidence in this area. We were
especially interested in knowing whether the association
between the polymorphism and gastric cancer was modified by
infection with H pylori CagA strains and cigarette smoking
reflecting high exposure to nitrogen and oxygen species of free
radicals. Therefore, the aim of this study was to determine
whether iNOS C/T polymorphism was associated with increased
susceptibility to gastric cancer, and the effects of H pylori infection.

MATERIALS AND METHODS

Study subjects

All gastric cancer patients and “healthy” controlsin this study
were Han ethnic Chinese living in Yangzhong city for at least
25years. Gagtric cancer wasdiagnosed according to the I nternational
Classification of Diseasesfor Oncology 1X, code= 151, and the
criteria of Laurén'*®, Because most diagnosed gastric cancer
cases in Yangzhong were intestinal type gastric cancer (IGC)
and gastric cardiacancer (GCC), we focused on these two kinds
of cancersin the present study. A popul ation based case-control
design wasused, and 165 gastric cancer cases (108 1GC, 57 GCC)
and 295 controlswere enrolled. The finally analyzed cases and
controlswere 143 (93 1GC, 50 GCC) and 246 cases, respectively,
because of missing genotype datafor some subjects. Therewere
no significant differences comparing the finally analyzed
subjects and those with missing data by age and sex. All cases
were identified by endoscopic and pathological diagnosisin
Yangzhong City Municipa Hogpital from January 1997 to December
1998. To reduce misclassification of the histological types, two
pathologists reviewed and confirmed all diagnosed cases.
Controls were selected from cancer-free subjectsliving in the
same community, who were either cases’ siblings or their non-
blood relatives (spouses and spouses' siblings with the same
gender as cases). Both types of controls differed slightly in
demographic features*®. Their results were combined to
increase the sample size and to decrease type | error. This study
was gpproved by theregional ethicscommittee, and al participants
were given an explanation of the nature of the study, and
informed consents both written and oral, were obtained. Study
subjects completed a questionnaire administered by trained
interviewers.

The questionnaire was designed to obtain detailed information
on cigarette smoking, acohol drinking, family history of cancers,
and occupationa and hazard exposures. Cigarette smokerswere
defined as subjects who reported ever smoking at least one
cigarette per day for 12 mo or more, or whose accumulated
cigarette consumption wasover 18 packs per year. Past smokers
were those who had stopped smoking 1 or more years before
the interview. Alcohol drinkers were defined as subjects who
reported to have an average of one drink or more per week for one
or more yeaes. Past alcohol drinkers were also defined asthose

who had stopped drinking for 1 or moreyearsbeforetheinterview.

Laboratory analysis

Blood was drawn from each participant by the designated
coordinator according to the Guidelines of the National Heart,
Lung, and Blood Institute Working Group on Blood Drawing,
Processing, and Storage for Genetic Studies. Twenty milliliters
of forearm venous blood was collected from each subject via
venipunctureinto two 10-mL vacutainer tubescontaining EDTA.
Puragene DNA isolation kits (Gentra Systems, Minneapolis
MN) were used to isolate genomic DNA for genotyping. All
blood samples were separated, and plasma was collected as
soon as possible. The plasmawas then stored at -20 C in six
1.5-mL tubesfor the detection of 1gG antibody to H pylori CagA.

Denaturing high performance liquid chromatography
(DHPLC) was used to scan the potential single nucleotide
polymorphisms (SNPs) inal exonsof iNOS, and then sequencing
was performed to confirm the possible mutations. Finaly, anew
CIT polymorphism, which changes the coding amino acid from
serine (TCG) to leucine (TTG), was identified*”. PCR-RFLP
was carried out to identify the genotype of iNOS according to
the features of SNP, which created a restriction enzyme
recognition site of Tgp 509 I. Genomic DNA wasamplified with
primersk 5 -TGTAAACCAACTTCCGTGGTG-3 (Tm=6082C)
andR: 5'-GTCTCTGCGGGTCTGAGAAG-3 (Tm=60.14C).
PCRwasperformedinaMJRESEARCH PCR system (PTC-225,
USA), andina10 pL reaction volume containing 1L 10xPCR
buffer, 1.6 uL dNTPs(1.25 pmol/L), 0.2 uL MgCl, (25 mmol/L),
primers(20 umol/L, Resgen Corp.) a 0.15 pL each, DMSOO0.5 L,
6.34 L dH20, 50 ng genomic DNA dried onthe plate, and Hot
Start Taq DNA polymerase0.06 L (5 U/uL, PromegaCorp.). Touch
down PCR procedure was used to amplify the target fragment.
After aninitial denaturation at 94 “C for 15 min, amplification
was carried out for 10 cyclesat 94 °C for 30s,at 61 'C for 455,
a 72 "C for 45sand decreasing 0.5 ‘C per cycle. Thenamplification
wasagain carried out for 35 cyclesat 94 C for 30s, a 56 C for
45s,andat 72 °C for 45+, followed by afinal elongationat 72 °C
for 7min. Then, 10 L PCR products was digested with 0.2 pL
Tsp 5091 (20 U/UL, NEB Corp.) inal5pL volumeincluding 2 L
10xbuffer 1 (NEB Corp.), 0.15 L BSA (100x) and 2.65 L dH20.
Digestion was performed for 15 h at 65 ‘C. The products were
then electrophoresed on a 30 g/L agarose gel to allow
unambiguous detection with ethidium bromide staining.
Homozygous wide-type individuals (CC) showed 113 bp and
175 bp fragments, heterozygousindividuals (CT) showed three
bands: 113 bp, 142 bp and 175 bp, and homozygousrare alele
individuals (TT) showed two bands: 113 bp and 142 bp!*™.

H pylori CagA 1gG antibody in plasmawas measured by an
enzyme-linked immunosorbent assay (ELISA) kit offered by
Jingying Biotech Limited Company, Shanghai, China (batch
number 0052). The Absorbency at 450 nm was determined after
terminating the enzyme reaction. The cutoff value equaled to
the average A of the negative controls provided by the
manufacturer plus 0.3 A units. A values of samples equaled to
or higher than the cutoff point were considered positive.

Statistical analysis

All datawere input double blinded into EPI-6 program by two
persons separately. After modifying all errors and non-logical
data, the differencesin the relative associations between cases
and controls were assessed by calculating crude odds ratios
(OR) from contingency tables. The corresponding chi-square
test on the cancer patients and controls was carried out, and
95% confidence intervals (95% CI) were determined using the
Fisher exact test. A P-value <0.05 was considered statistically
significant. Unconditional logistic regression analysis was
performed in both univariate and multivariate models to assess
the association between iNOS functional polymorphism and
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gastric cancer susceptibility after adjusting for important
confounding factors such as age and sex. Test of trend and
interaction index (y) that was determined by coefficient () ina
multiple logistic regression model were calculated through
| ogistic modd sbased on dummy variablesto examinethe potentia
gene-environment interaction'®!, All analyseswere performed
with the SAS package Genmod (SAS Ingtitute, Cary, NC).

RESULTS

Table 1 compares the characteristics of study subjects. The
mean age of cases was significantly greater than the controls
(59.36 vs51.89, P<0.01). Therewasno significant differencein
the maeffema eratio between cases and controls. The proportions
of past smokers and alcohol drinkers was significantly greater
in the cancer group (36.97% and 30.30%) than in the control
group (12.54% and 14.92%). However, there were more current
smokersand drinkersin the control (47.12% and 30.85%) than
inthe casegroup (26.67% and 10.91%). Compared with controls,
cases were significantly lesslikely to be positive for H pylori
CagA antibody.

The frequency of iNOS genotypes in gastric cancer and
control subjects showed no significant difference, although the

frequency of (CT+TT ) genotypeswas dlightly higher in cases
than in controls (24.48% versus 23.17%). A gene dose-response
effect was not observed, i.e. the effect of heterozygote (CT)
genotypesdid not lie a or between the homozygotes (CCand TT).

For (CT+TT) the genotype frequency of iNOS in the past
smoking subgroup, there were significant differences between
the total cases and the controls and between GCC group and
controlswithan OR of 3.62 (95% Cl: 1.23-10.64) and 4.63 (95%
Cl: 1.15-18.58), respectively. No significant differencewasfound
between IGC cases and controls (Table 2). Although no gene
dose-response effect was observed in heterozygote (CT) and
homozygote (TT) individual s because of the small humber in
each cell, there was still a possible interaction between C/T
polymorphism and past cigarette smoking in increasing the
risk of GCC. In the past alcohol drinkers, there were significant
differencesin the C/T polymorphism between total cases and
controls and between | GC group and controls with an OR of
3.33 (95% CI: 1.14-9.67) and 3.42 (95% ClI: 1.03-11.35),
respectively. No significant difference between GCC group and
control group was found (Table 3). In H pylori CagA negative
group, subjects with (CT+TT) genotypes had significantly
increased risk of both IGC and GCC, withan OR of 2.19 (95% Cl:
1.01-4.76) and 3.52 (95% Cl: 1.44-8.61), respectively. H pylori

Table 1 Covariate distribution among study subjects and ORs for gastric cancer

Characteristics

No Cases (%) (n = 165)

No. Controls (%) (n = 295) OR (95% CI)

Age (yr)
Mean (yr+SD) 59.36+9.29° 51.89+10.24
Min. (yr) 34.72 30.77
Max. (yr) 81.95 78.21
Gender
Male (%) 110 (66.67) 190 (64.41)
Female (%) 55 (33.33) 105 (35.59)
Ratio 2.00:1 1.81:1
Smoking habit
Never 60 (36.36) 119 (40.34) 1.00
Current 44 (26.67) 139 (47.12) 0.26 (0.15-0.46)°
Past 61 (36.97) 37 (12.54) 3.15 (1.77-5.61)°
Alcohol habits
Never 97 (58.79) 160 (54.24) 1.00
Current 18 (10.91) 91 (30.85) 0.18 (0.10-0.35)°
Past 50 (30.30) 44 (14.92) 1.80 (1.06-3.08)
Plasma H Pylori CagA antibody
Negative 136 (82.42) 107 (49.31) 1.00
Positive 29 (17.58) 110 (50.69) 0.18 (0.11-0.31)°
iNOS genotyping
CcC 108 (75.52) 189 (76.83) 1.00
CT 33 (23.08) 49 (19.92) 1.15 (0.68-1.96)
TT 2 (1.40) 8 (3.25) 0.42 (0.08-2.16)
CT+TT 35 (24.48) 57 (23.17) 1.03 (0.59-1.79)

3P<0.05 vs control group after adjusted for age and gender, PP<0.01 vs contral.

Table 2 Interaction between C/T polymorphism and past cigarette smoking for the risk of gastric cancer

C/T Past Total cases Controls  OR! 95%ClI IGC OR? 95%Cl GCC OR® 95%ClI
polymorphism smoking (n =143) (n = 246) (n=093) (n =50)

CcC No 67 162 1.00 46 1.00 21 1.00

CT+TT No 22 51 0.98 0.55-1.78 12 0.75 0.36-1.54 10 1.44 0.63-3.27
CcC Yes 41 27 2.92 1.563-5.57 27 2.47 1.19-5.09 14 3.65 1.42-9.38
CT+TT Yes 13 6 3.62 1.23-10.64 8 3.06 0.91-10.35 5 4.63 1.15-18.58

!Adjusted for age and gender, X%rena= 26.26, df =1, P =0.00,y =

1.29/1.07 = 1.21 2Adjusted for age and gender, X%rena= 18.40, df = 1,

P =0.00, y=1.12/0.90 = 1.24 *Adjusted for age and gender, X? yeng = 17.53, df =1, P =0.00, y=1.53/1.29 = 1.19.
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Table 3 Interaction between C/T polymorphism and past alcohol drinking for the risk of gastric cancer
Cc/T Past alcohol Total cases Controls  OR?! 95%ClI IGC OR? 95%ClI GCC OR® 95%ClI
polymorphism drinking (n=143) (n=246) (n=093) (n =50)
CcC No 76 157 1.00 53 1.00 23 1.00
CT+TT No 24 51 0.83  0.46-1.50 13 0.62 0.30-1.28 11 122 0.55-2.70
cc Yes 32 32 1.34  0.72-2.52 20 1.36 0.67-2.75 12 127 0.50-3.19
CT+TT Yes 11 6 3.33  1.14-9.67 7 3.42 1.03-11.35 4 325 0.80-13.13

!Adjusted for age and gender, X%ena= 10.29, df = 1, P = 0.001, y= 1.20/0.30 = 4.00 2Adjusted for age and gender, X?%enq = 5.65, df = 1,

P =0.017, y=1.23/0.31 = 3.97 *Adjusted for age and gender, X%rena= 8.95, df =1, P =0.003, y=1.18/0.24 = 4.9.

Table 4 Interaction between C/T polymorphism and H pylori CagA status for the risk of gastric cancer

C/T CagA  Total cases Controls OR! 95%Cl IGC OR? 95%CI GCC OR® 95%Cl
polymorphism antibody  (n = 143) (n=178) (n=93) (n = 50)

CcC No 87 64 1.00 61 1.00 26 1.00

CT+TT No 28 19 2.53 1.29-4.98 17 2.19 1.01-4.76 11 3.52 1.44-8.61
CcC Yes 21 73 0.45 0.25-0.81 12 0.34 0.17-0.70 9 0.76 0.33-1.73
CT+TT Yes 7 22 0.43 0.17-1.10 3 0.24 0.07-0.89 4 0.86 0.27-2.79

!Adjusted for age and gender, X%rena = 33.40, df =1, P = 0.00, y = -0.84/-0.79 = 1.06 2Adjusted for age and gender, X?rena = 28.53, df = 1,
P =0.00, y=-1.41/-1.08 = 1.31 *Adjusted for age and gender, X? wena= 12.42, df = 1, P = 0.0004, y=-0.15/-0.27 = 0.56.

CagA positivity showed significant protective effectsin IGC
group in both on CC and CT+TT iNOS genotypes, with an OR
of 0.24 (95% ClI: 0.07-0.89) and 0.34 (95% Cl: 0.17-0.70),
respectively. However, no significant association was observed
between iINOS genotypesand GCC (Table 4).

DISCUSSION

H pylori infection could produce a state of chronic immuno-
stimulation in gastric epithelium!?Y. It could lead to changesin
many factors that are important in the pathogenesis of gastric
cancer, including reactive oxygen and nitrogen oxide species?.
NO, apotentially toxic gaswith freeradical propertiesisone of
the most important bio-regulatory and signaling molecules
produced in the process. It has been recently reported that NO,
acting asamessenger molecule mediating various physiological
functiong®24, may adso play aroleintheprocessof carcinogenesis.

It has been found that NO is synthesized enzymatically
from L-arginine by NO synthasd®?!. Chronic infection and
immuno-stimul ation elevate endogenous synthesis of NO. High
concentration of NO generated by macrophages after iINOS
induction contributed to their cytotoxic and carcinogenic
activity®. Thereisnow increasing evidence that NO produced
by activated phagocytesmay play arolein multiage carcinogenesis
by mediating DNA damage?#. A to T substitution intheiNOS
gene, leads to more activated iNOS expression in the target
cdls, andfinaly devatesNOtoahighlevel. Hence, itisreasonable
toassumethat humaniNOSgenemay beanother important candidate
gene for the development of gastric cancer by elevating NO
production in target cells when functional polymorphisms
occur. Nevertheless its genomic localization at chromosome
17911.2% was not the same as other gastric cancer susceptible
genes related to the inflammatory response pathway, such as
interleukin 1B and interleukin 1RN, located at 2q14%”. Thekey
question for gastric cancer agentsis how H pylori infection
could be associated with such totally divergent clinical
outcomes as gastric cancer and peptic ulcer disease. A large
number of previous studies have focused on the role of the
bacterial virulence factorsthat contribute to the degree of tissue
damage in the pathogenesis of these diseases. But these results
still could not explain the different outcomes223U. With the
development of akey concept about the interaction between

acid secretion and H pylori-induced gastritisduring 1990 s, El-
Omar proposed the idea for the first time that host genetic
factorsrelevant to pro-inflammatory responses might berelevant
to the development of gastric cancer. They explored a candidate
IL-13 geneinthecontext of H pylori rel ated diseasd®>*, Because
IL-1p can also induce the expression of many other genes,
including pro-inflammatory mediator iNOS, by either regulating
at the transcriptional level or initiating their mMRNAB®34 it js
easy to consider that functional polymorphisms occurring in
the iINOS gene might also contribute to the increased risk of
H pylori related gastric cancer.

We have previously reported a newly discovered C/T
polymorphismin aChinese populationf*” that had ahigh mutated
alelefrequency (24.4%). A report by Johannesen also showed
that C/T polymorphism was one of the most frequent SNPs
among 10 polymorphisms of human iNOS geneidentified ina
Danish population. They suggested that the amino acid change
in exon 16 might be of functional interest®. Our results showed
no significant differencein thefrequency of (CT+TT) genotypes
between cases and controls, and no apparent gene dose-response
effect was found. However, in past cigarette smokers and past
alcohol drinkers, C/T polymorphism significantly increased the
risk of gastric cancer despite the histological subtypes differed,
i.e. past cigarette smokers with (CT+TT) genotypes had an
increased risk of IGC, while past dcohol drinkerswith (CT+TT)
genotypes had increased risk of GCC. These findings suggest
that C/T polymorphism in iNOS gene aoneis not sufficient to
show the increasing risk of gastric cancer. The importance of
theinteraction between C/T polymorphism and cigarette smoking
or alcohol drinking varied depending on different histological
subtypes of gagtric cancer. Similar resultswerefound by Machado
for IL-1 genetic markerd®!. Although these findings were not
the major hypothesis we proposed, it isbiologicaly plausible
that oxidative stress due to carcinogenesis in cigarette might
attribute to the increase of gastric cancer risk through interactions
withiNOS C/T polymorphism. Larger and independent studies
are needed to confirm these findings.

Inthe H pylori CagA positive group, regardless of whether
subjects had CC or (CT+TT) genotypes, we always observed a
significant protective effect when comparing 1GC cases with
controls. This suggests that plasma positive for H pylori CagA
antibody in ahighly infected area plays aprotectiverole. This
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isin concordance with the finding that H pylori density became
progressively lower with progression from mild gastritis to
severegadtritis, atrophy, intestinal metaplasiaand finally gastric
cancer®, In H pylori CagA negative subjects with (CT+TT)
genotypes, a high risk was found for gastric cancer group
(OR =253, 95% ClI: 1.29-4.98) and both subgroups (IGC and
GCC). No interaction was found between iNOS genotype and
infection with H pylori CagA strains.

iNOS protein is a catal ytic enzyme with two domains. In
terms of functional importance, the deletion mutants retained
maximal NO activity at lower concentrations of free Ca*
compared with the wild-type®!. Identified C/T polymorphism
in E16 of iNOSwas|ocated at the N-terminal of six amino acids
from the deletion reported by Daff et al., and the amino acid
changein E16 might beof functional interest!®. To our knowledge,
this study wasthe first one to examine the significance of iINOS
polymorphism in gastric cancer. A research on other type of
disease might support our observation!®. Gastric cancer patients
havingdldeT polymorphism could havean increased expresson
of iNOS, resulting in higher levels of NO in gastric mucosa,
mediating many pathological changes and finally leading to
carcinogenesis in these patients. But specific functional tests
of C/T shift need to be performed to substantiate the putative
importance of the Ser®®_eulocusin gastric cancer devel opment.

Potential weaknesses in our study include possible
recruitment bias in the selection of controls including cases
siblings. This kind of selection might create overmatching.
Siblings were more likely to have the same genotypes as the
cases than the non-blood related controls, thereby leading to
someloss of statistical efficiency, i.e., larger sample sizeswere
required to attain the same statistical precisiont®. Thus, our
datamay be morelikely to underestimate the true effect of INOS
T alleleson therisk of gastric cancer. But others considered that
the use of sibling controls could generally improve efficiency for
gene-environment interactions*=. We could not rule out the
potentia influence of systematic differences between participants
and non-participants.

In conclusion, the risk of gastric cancer isincreast among
past cigarette smoking or a cohol drinking individualswithaC/T
polymorphismin E16 of iNOS genein a Chinese population. But
the findings need to be confirmed in other ethnic populations.
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Abstract

AIM: To isolate the subtypes of 3’ region of cagA gene in
Helicobacter pylori (H pylori) strains from Zhejiang Province
in China and to investigate their relations to H pylorf-associated
gastroduodenal diseases.

METHODS: One hundred and thirty-seven H pylori clinical
strains were isolated from the gastric mucosa specimens
of 74 patients with chronic gastritis, 61 with peptic ulceration,
and 2 with gastric cancer. Bacterial genomic DNA was
extracted and 3’ region of cagA gene was amplified by
polymerase chain reaction (PCR). Subtypes of 3’ region of
cagA gene were determined by the size of PCR amplified
segments. The sequences of the subtypes were analyzed
by PCR-based sequencing.

RESULTS: Of the 137 H pyforiisolates from Zhejiang Province,
132 (96.4%) yielded PCR products that could be classified
into three groups of subtypes, named as subtypes I, II,
and III according to their sizes. The sizes of subtypes I, II,
and III were 648-650 bp, 705-707 bp, and 815 bp, respectively.
Among the 132 cagA-positive H pylori strains, 123 (93.2%)
belonged to the group of subtype I, 6 (4.5%) presented
subtype II, 1 (0.8%) was subtype III, and 2 (1.5%) presented
subtypes I and III both. The primary structure of subtype I
was composed of 3 repeats of R1, 1 repeat of R2 and 1
repeat of R3. Subtype II possessing 4 repeats of R1, 2
repeats of R2 and 1 repeat of R3 was a newly found type
of 3’ region of cagA gene which had not been reported
before. The primary structure of subtype III consisted of 4
repeats of R1, 1 repeat of R2 and 2 repeats of R3. Comparison
of the sequences of subtype I strains with the corresponding
sequences deposited in GenBank, showed a similarity of
95.0% (94.0-96.1%) for nucleotide sequences and 95.9%
(94.9-97.4%) for deduced amino acid sequences.
Comparison of the sequences of subtype III strains with
the corresponding sequences deposited in GenBank,
showed a similarity of 93.9% (90.8-96.9%) for nucleotide
sequences and 93.2% (90.2-96.2%) for deduced amino
acid sequences. Among subtype II strains, the nucleotide
and deduced amino acid sequences showed a similarity
of 95.2% (94.1-96.5%) and 96.4% (93.8-97.9%),
respectively. There were no statistical differences in the

distribution of subtypes of 3’ region of cagA gene among
different H pylori-associated gastroduodenal diseases
(x?= 11.544, P>0.05).

CONCLUSION: There are three subtypes (I, II, and III) of
3’ region of cagA gene in H pylori strains isolated from
Zhejiang Province, and subtypelis predominant. Subtype
II is a newly found subtype of 3’ region of cagA gene. The
result of this study does not support the view that the
subtypes of 3’ region of cagA gene in H pyloriisolated
from Zhejiang Province are correlated with the clinical
outcomes of H pylori infection.
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INTRODUCTION

Although Helicobacter pylori (H pylori) is present in ssomachs
of at least half of the world's population!¥, only a small
proportion of the carriers develop symptomatic diseases?. The
clinical spectrum of H pylori infection rangesfrom asymptomeatic
gastritisto peptic ul cer and gastric cancert™. The causes of different
outcomes of H pylori infection may include the virulence of
infectious strains, the susceptibility of hosts, and environmental
cofactors*®l. The cytotoxin-associated gene A (cagA) is
located at one end of a 40-kilobase DNA segment called cag
pathogenicity island (cag PAI), which contains open reading
frames encoding for a putative H pylori secretion system that
may be associated with export of virulence factors to the
extracellular compartment!®°, The presence of cagA gene
can be considered as a marker for cag PAl and is associated
with more virulent H pylori straing™. The structure of cagA
gene contains a5’ highly conserved region and avariable 3’
region, in which the presence of a variable number of repeat
sequences resultsin aprotein (CagA) with amolecular mass
of 120 to 140 ku*?. Yamaoka et al.*® from Japan found that
thestructura organization of 3' region of cagA genein Japanese
H pylori isolates could be divided into four types (types A to
D), and type C was associated with gastric atrophy and
carcinoma. However, the genetic structure of 3' region of
cagA genein Chinese H pylori strains has been little exploited.
In this study, we attempted to investigate the subtypes of 3’
region of cagA genein H pylori strainsisolated from Zhejiang
Province in China and their relations to H pylori-associated
gastroduodenal diseases.

MATERIALS AND METHODS

H pylori isolates

A total of 137 H pylori isolates were obtained from H pylori-
infected patients at the Second Affiliated Hospital of Zhegjiang
University and the Renmin Hospital of Daishan County in
Zhegjiang Province. The patients, consisting of 95 men and 42
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women with amean age of 42.6 years (ranging from 16 to 71
years), were classified into 3 groups including chronic gastritis
(n=74), pepticulcer (n=61), and gagtric cancer (n =2), according
to the results of endoscopic and histological examination.

H pylori culture

Bacteriaisolated from biopsy specimenswere cultured on ECY
selective solid mediumi*¥ at 37 °C for 5d, under 100% humidity
and microaerophilic conditions (50 mL/L O,, 100mL/L CO,, and
850 mL/L N,). H pylori strainswere identified by the following
criteriac Gram staining, colony morphology, rapid urease test,
and catalase test. The cultured bacteria were defined to be
H pylori if they formed typical colonies on the medium, were
negative Gram stain with curved or spiral shape, and positive
for urease and catal ase production(*®,

Preparation of H pylori genomic DNA

The bacteriawere harvested from the agar plates, then genomic
DNA was extracted and purified from each H pylori isolate
using cetyltrimethyl ammonium bromide (CTAB), phenol-
chloroform-isoamy! alcohol, and ethanol precipitationf.

Amplification of 3’ region of cagA gene by PCR
Theprimers5'-ACCCTAGTCGGTAATGGGTTA-3 (CAG)L)
and 5 -GTAATTGTCTAGTTTCGC -3' (CAG2) described by
Yamaokaet al.[*¥ were used to amplify 3' region of cagA gene
in this study. PCR was performed in a volume of 25 pL
containing 2.5 pL of 10xPCR buffer, 2 uL of 25 mmol/L MgCl,,
2.5 L of 2mmol/L dNTPs, 0.5 L of 20 umol/L primer sets,
0.2 pL of Tag DNA polymerase, 1 uL of bacterial genomic
DNA, and 15.8 pL of H,O. PCR amplification was performed
asfollowing: aninitia denaturation at 95 °C for 3min, followed
by 30 cycles, each consisting of denaturation at 94 C for 30s,
annealing at 56 C for 30's, and extensionat 72 °C for 45s. The
final cycleincluded afurther extension at 72 °C for 7 min to
ensure thefull extension of PCR products. PCR products were
analyzed by 20 g/L agarose gel electrophoresis with ethidium
bromide staining.

Sequences analysis

PCR products were purified with the DNA purification kit
(Shanghai Shenyou Biotechnology Co., Ltd.) according to the
manufacturer’s instructions. Purified PCR products were
consigned to Shanghai BioAsia Biotechnology Co., Ltd. for
sequencing. Biological software DNAssist (version 1.0) was
used to analyze the sequences of 3’ region of cagA gene and to
compare them with the corresponding sequences deposited in
GenBank.

Statistical analysis
The categorical datawere analyzed using Chi-square (x?) test,
and P<0.05 was considered statistically significance.

RESULTS

PCR products of 3’ region of cagA gene

PCR products of 3' region of cagA gene were el ectrophoresed
on 20 g/L agarosegel (containing 0.5 pg/mL ethidium bromide).
Of the 137 H pylori strainsisolated from Zhejiang Province,
132 (96.4%) strains yielded PCR products of three different
sizes. Thethree different-size PCR-amplified segments were
respectively named as subtype | (648-650 bp), subtype I
(705-707 bp), and subtype I11 (815 bp) (Figure 1). Among the
132 cagA-positive strains, 123 (93.2%) presented subtype,
6 (4.5%) presented subtype 1, 1 (0.8%) presented subtype lll,
and 2 (1.5%) presented both subtypes | and I11.

bp
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Figure 1 Amplified products of 3’ region of cagA gene by PCR
(20 g/L agarose gel electrophoresis) Lane 1: 100 bp DNA ladder;
Lane 2: subtype | (648 bp); Lane 3: subtype Il (705 bp); Lane 4:
subtype 111 (815 bp); Lane 5: from a patient with both subtypes
land III.

Sequence analysis of subtypes of 3’ region of cagA gene

The primary structure of 3' region of cagA gene was composed
of avariable number of repest regions, including R1 (15 bp), R2
(42 bp) and R3 (147 bp). The primary structures of the subtypes
of 3 region of cagA geneinthisstudy areillustrated in Figure 2.
The primary structure of subtype | was composed of 3 repeats
of R1, 1 repeat of R2 and 1 repeat of R3, so subtype | wasequal
to type A in Japanese H pylori strains reported by Yamaoka
et al.*. The primary structure of subtype Il consisting of 4
repests of R1, 1 repest of R2 and 2 repeats of R3was similar to
that of type C reported by Yamaoka et al.[*3. Subtype 11
possessing 4 repeats of R1, 2 repeats of R2 and 1 repeat of R3
had the primary structure not similar to any types reported by
Yamaoka et al™*® and was regarded as a newly found subtype
of 3' region of cagA gene in H pylori. Comparison of the
sequences of 5 H pylori strains presented subtype | with the
corresponding sequences of a Japanese type A strain JK25
deposited in GenBank (GenBank accession number AF043487),
showed a similarity of 95.0% (94.0-96.1%) for nucleotide
sequences and 95.9% (94.9-97.4%) for deduced amino acid
sequences. Comparison of the sequences of 2 H pylori strains
presented subtype 111 (including a strain presented both
subtypes | and I11) with the corresponding sequences of a
Japanese type C strain Jk269 deposited in GenBank (GenBank
accession number AF043489), showed a similarity of 93.9%
(90.8-96.9%) for nucleotide sequences and 93.2% (90.2-96.2%)
for deduced amino acid sequences. Among the 6 H pylori
strains presented subtype 11 in this study, the nucleotide and
deduced amino acid sequences showed a similarity of 95.2%
(94.1-96.5%) and 96.4% (93.8-97.9%), respectively. Alignments
of the deduced amino acid sequences of 5 strains presented
subtype | and 2 strains presented subtype 111 with the
corresponding sequences deposited in GenBank areillustrated
in Figure 3 A, B. Alignments of the deduced amino acid
sequences of 6 strains presented subtype |1 are also illustrated
inFigure3C.

R1R2R1 R3

R1
Subtype I ﬂ ‘ | %
subtype 11— [l | I
subtype 1 —| JJ{| |

[

Figure 2 Primary structures of three subtypes of 3’ region of
cagA gene R1: 15 bp repeat region; R2: 42 bp repeat region; R3:
147 bp repeat region.
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Figure 3 Alignment of amino acid sequences of subtypes of 3’ region of cagA gene. A: Alignment of the deduced amino acid
sequences of subtype | strains with the sequence of the corresponding region of a Japanese type A strain JK25 (GenBank accession
number AF043487). Strain D2-173 was from a patient with chronic gastritis, and the remaining four strains were from patients
with peptic ulcer. B: Alignment of the deduced amino acid sequences of subtype 11 strains with the sequence of the correspond-
ing region of a Japanese type C strain JK269 (GenBank accession number AF043489). Strain D1-200 was from a patient with
chronic gastritis, and strain D2-123 was from a patient with gastric ulcer. C: Alignment of the deduced amino acid sequences of
six subtype Il strains. Strain HZ65 and HZ71 were from patients with chronic gastritis, strain D2-40 was from a patient with

gastric cancer, and the remaining three strains were from patients with peptic ulcer.

Relationship between subtypes of 3’ region of cagA gene and
gastroduodenal diseases

The distributions of the subtypes of 3' region of cagA genein
different groups of gastroduodenal diseases are demonstrated
in Table 1. Statistical analysis showed that there were no
significant differences among the subtypesof 3' region of cagA
genein different groups of gastroduodendl diseases (2= 11.544).

Table 1 Relationship between subtypes of 3’ region of cagA
gene and different group of gastroduodenal diseases (n, %)

Group of Subtype | Subtype Il Subtype 11l Subtypes Total
diseases I and I11

Chronic gastritis 69 (95.8) 2 (2.8) 0 (0) 1(1.4) 72
Peptic ulcer 53 (91.4) 3(5.2) 117 1(.7) 58
Gastric cancer 1 (50.0) 1 (50.0) 0 (0) 0 (0) 2
Total 123 (93.2) 6 (4.5) 1(0.8) 2(15) 132

Xx?=11.544, P = 0.17>0.05.

DISCUSSION

H pylori, aspiral shaped gastric organism, isthe cause of chronic
gastritis, and plays an important role in the pathogenesis of
peptic ulceration, mucosa associated lymphoid tissue
lymphoma, and gastric adenocarcinoma®”?%. It has been
reported that 50-60% of H pylori strains contain cagA gene
and consequently produce CagA proteini?, The CagA isa
highly immunogenic outer membrane protein with amolecular
weight of 120to 140 ku. Variation in size of the protein hasbeen
correlated with the presence of a variable number of repeat
sequences located in 3' region of the gene®2. The biological
importance of the repeat sequencesin 3' region of cagA gene
remainsunknown. Because CagA isstrongly immunogenic, these
repeat sequences have been supposed to alter immunogenicity

of the protein®. This alteration in the gene and its protein
seemsto correlate with clinical outcomesin vivo. The proportion
of cagA-positive H pylori isolates varies from one geographic
region to another. Studies from Japan, Korea, and China
have shown that more than 90% of H pylori strains are cagA-
positivel®2 while in the United States of America, Canada,
and Europe, these percentages are lower!230, Therefore, cagA
gene cannot be used as a marker for the presence of severe
gastroduodenal diseasesin those regions where the prevalence
of cagA-positiveH pylori strainsisuniformly high. Sinceallelic
variation in cagA exists and distinct H pylori subtypes may
circulatein different regions, differencesin cagA subtype might
provide a marker for differences in virulence among cagA-
positive H pylori straing?,

Yamaoka et al.!*® reported that 3' region of cagA genein
H pylori isolated from Japanese patients could be classified
into four types (types A, B, C, and D) depending on the types
and number of repesat regionsincluding R1 (15 bp), R2 (42 bp)
and R3 (147 bp). The PCR products of type A ranged from 642
to 651 bp, and possessed 1 repeat of R2 and 1 repeat of R3. The
PCR products of type B and type D were all 756 bp, but type B
possessed 3 repeats of R2 and 1 repeat of R3, whiletype D had
2 repeats of R3 and no repeat of R2. Type C having 1 repeat of
R2 and 2 repeats of R3yielded PCR products of 813-815 bp and
was associated with high levels of CagA antibody and severe
degrees of atrophy. The same authors have aso found that the
seguences of the second repeat regions of 3' region of cagA
geneinH pylori strainsfrom East Asiaare completely different
from those in strains from non-Asian countries®!. Non-Asian
strains possess 102 bp second repeat regions, and East Asian
strains possess 162 bp second repeat regions®=2,

In the present study, we used the same PCR primers as
those described by Yamaokaet al .1** and found 132 (96.4%) of
137 strainsyielded amplified products. The high prevalence of
cagA-positive strains in Zhejiang Province was in accordance
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with the result of our previous study™! and the findingsin
other Chinese areas#1, The PCR products could be classified
into three subtypes according to their sizes and were named as
subtype |, subtype 11, and subtype 111, respectively. The PCR
products of subtype | ranged from 648 to 650 bp and possessed
1 repeat of R2 and 1 repeat of R3, so subtype | was equal to
type A reported by Yamaoka et al.™. The predominance of
subtype | strains (93.2%) in this study was in agreement with
that of type A strains (93.5%) in Japanese patients™®. The size
and genetic structure of subtype |11 indicated that subtype 111
in this study was equal to type C in Japanese straind*®. Three
(including 2 multiple subtypes strains) of 132 cagA-positive
strains presented subtype 11, and the prevalence of this subtype
(2.3%) was close to that of type C (4.5%). In contradiction to
the two above-mentioned subtypes, subtype Il having the size
of PCR product of 705-707 bp and the structure of 2 repeats of
R2 and 1 repeat of R3 has not been reported before. Because
sequence analysis showed that the structure of subtype Il still
accorded with the characteristics of 3' region of cagA genein
Asian strains, subtype 1 in this study was regarded as a new
subtype of 3’ region of cagA genein Asian H pylori strains.
The fact that we did not find type B and type D reported by
Yamaoka et al 1*¥, but discovered a new subtype revealed the
diversity and randomicity of the assembling mode of repeat
regions located at 3' region of cagA gene and the possibility
that this assembling mode varied in H pylori strains isolated
from different areas. In addition, 2 strains presenting more than
one subtype were observed in this study and thought to be
from the patients with multiple H pylori infection. Sequence
analysis revealed high similarities between the sequences of 3'
region of cagA genein H pylori isolated from Zhejiang Province
and thosein H pylori strains from Japanese patients and high
similarities among the 6 subtype 1 strains, so we could draw a
conclusion that despite of the genetic diversity of 3' region of
cagAgenein H pylori strainsisolated from Zhejiang Province,
the sequences of the same subtype were still conservative.
There were no significant differences among the subtypes of
3’ region of cagA genein different groups of gastroduodenal
diseases, so the subtypes of 3' region of cagA genein H pylori
isolated from Zhejiang Province seemed not to be correlated
with the clinical outcomes of H pylori infection.

In conclusion, there are three subtypes of 3' region of cagA
genein H pylori strains isolated from Zhejiang Province.
Subtype | isapredominant one and subtype Il isanewly found
subtype of Asian H pylori strains. The result of this study
does not support the view that the subtypes of 3’ region of
cagA genein H pylori isolated from Zhejiang Province are
correlated with the clinical outcomes of H pylori infection.
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Abstract

AIM: To clarify the role of cag pathogenicity island (cagPAI)
of Helicobacter pylori (H pylori) in the pathogenicity and
immune prophylaxis of H pyloriinfection.

METHODS: Three pairs of H pyloriincluding 3 strains of
cagPAI positive wildtype bacteria and their cagPAI knockout
homogenic mutants were utilized. A pylori binding to the
gastric epithelial cells was analyzed by flow cytometry assays.
Apoptosis of gastric epithelial cells induced by H pylori was
determined by ELISA assay. Prophylaxis effect of the
wildtype and mutant strains was compared by immunization
with the sonicate of the bacteria into mice model.

RESULTS: No difference was found in the apoptasis between
cagPAl positive and knockout H pylori strains in respective
of the ability in the binding to gastric epithelial cells as well as
the induction of apoptosis. Both types of the bacteria were
able to protect the mice from the infection of H pylori after
immunization, with no difference between them regarding to
the protection rate as well as the stimulation of the proliferation
of splenocytes of the mice.

CONCLUSION: The role of cagPAI in the pathogenicity
and prophylaxis of H pylori infection remains to be cleared.

Lin HJ, Xue J, Bai Y, Wang JD, Zhang YL, Zhou DY. Pathogenicty
and immune prophylaxis of cag pathogenicity island gene
knockout homogenic mutants. World J Gastroentero/ 2004;
10(22): 3289-3291

http://www.wjgnet.com/1007-9327/10/3289.asp

INTRODUCTION

Helicobacter pylori (H pylori) infected over haf of human adults
intheworld, especialy in Asian-Pacific countries. Only asmall
portion of patients display clinical symptoms such as peptic
ulcer and gastric cancer!™4, Thedifference between theinfection
and the outcomes is determined by both bacterial factors and
host responses. Among the bacterial factors, cag pathogenicity
island (PAI) had been studied widely, while the immune
response to the infection is the overwhelming host factor that
affects the outcome of infection. In respect of the bacterial
factors, cytotoxin associated gene A (cag A) proteinisusually
considered as atoxic marker of the bacterium. A related gene
cluster, PAl encodes severd proteinswith the similar biological
activities. To define the relationship bwteen cagPAl and the
pathogenicity of H pylori, three pairs of H pylori haboured

cagPAI and their isogenic PAI knockout mutants were utilized.
Their rolesin the binding and apoptosisinducing activitiesaswell
astheimmune protection were compared in vivo and in vitro.

MATERIALS AND METHODS

Materials

CT, PKH26, PMA and lonomycin were obtained from Sigma
Co. U.S.A; granulocyte-macrophage-col ony-stimul ating-faction
(GM-CSF) enzymelinked immunosorbent assay (ELISA) kit was
bought from Boehringer-Mannheim Co. German; Threepairsof H
pylori habouring cagPAI and their isogenic PAI knockout mutants
were provided kindly by Professor Peter B Ernst from DyK esas
University USA; H pylori strains and gastric epithelial cells
(Kato-111) werefrom the Research Indtitute of Digestive Disease,
Nanfang Hospital, First Military Medical University in
Guanzhou , China. H pylori strains are showed in Table 1.

Table 1 cagA positive wildtype bacteria and their cagA knock-
out homogenic mutants

H pylori cagPAl

LC11 + wildtype

AH244 knockou cagPAIl knockout of LC11
84183 + wildtype

2-1 knockou cagPAI knockout of 84183
26695 + wildtype

8-1 knockou cagPAI knockout of 26695
Methods

H pylori culture and H pylori sonicate (SON) preparation
wer eper formed by standar d pr ocedur es Therewasnodifference
between the groups of wildtype and knockout bacteriain the
rate of growing (Figure 1).
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LC11 AH244 84183 2-1 26695 8-1

Figure 1 Egivalent growth of wildtype and knockout strains
after 2 d culture.

Flow cytometry wasused todetect adhesion of H pylori binding
to gastric epithelial cells H pylori strain (ATCC26695) was
marked by 10 mL/L PKH-26 and washed threetimes. Theligiud
after the third washing was used in the control groups, then
bound to gastric epithelia cells (Katol 1) (bactria/cells = 300: 1),
and incubated at 37 “C for 60 min. After washed, the samplewas
detected by FACs.
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EL I SA wasused to detect apoptosisof gastric epithelial cells
induced by H pylori The basic mechanism was to detect the
release of DNA combined histone. Accroding to the recommended
procedures, cracked Kato-111 cellswith anti-histone monoclonal
antibody were incubated and color was devel oped after adding
substrate. Absorbency at the 405 nm level was measured in the
enzyme-tagging instrument. Then, the apoptotic index (Al) was
calculated in comparison with control group.

Miceweredivided into 4 groups, five mice each group,except
for the natural death. PBS Group: 200 UL PBS/one mouse was
fed onceviamouth as negative control; CT Group: CT (10 pg)
200 pL/per mouse was fed once viamouth as adjuvant control
Group; CagPAI positive Group: ultrasonic smashed H pylori
26695 (100 pL)and CT (10 pg) was fed at a time via mouth;
CagPAI negative Group: ultrasonic smashed H pylori 8-1 (100 L)
and CT (10 pg) were fed once viamouth.

Immunity procedures

Beforeimmunization and inoculation of H pylori, the micewere
prohibited from water and food for over 12 h. Thirty min before
inoculation, themousewasfed with 200 pL (0.01mol/L) NaHCO;
solution to neutralize gastric acid. The experimental group and
the control group were inocul ated with antigens and adjuvants,
immunized ond 0, 7, and 14. They were alowed to drink water
1 h after immunization. Each group was attacked with H pylori
108CFU onceevery other day, 3wk after thelatest immunization.
The micewerekilled 8 wk after the latest attack.

Evaluation of bacterial implantation

The spleen and stomach were removed immediately after the
mouse neck was broke. The spleen was kept in the axenic cell
culture mediatemporarily and dealt with it for 4 h. The stomach
was cut along the greater curvature, washed with axenic fluid,
then some tissues were sampled for rapid ureaenzymetest and
histological examination. Histological examination was graded
sami-quantitatively according to the standard asfollows: O point:
no H pylori; 1 point: 1-2 H pylori in some gastric pits; 2 points:
3-10 H pylori in majority of gastric pits and 3 points: over 10
H pylori in majority of gastric pits.

Spleen cell proliferation text

Spleen tissue was triturated into homogenates at asepsis
environment. The spleen cells were counted and implanted in
the 96 well plate (2x10° cells'well) containing 500 ng/mL PMA
and 10 ng/mlionomycin RPM 11640 (including cow blood serum,
mycillin, Hepes ect), H pylori ultrasonic smashed antigen was
added into them intermsof 2.5, 5, 10 mg/mL, cultured for 24 h,
then H3-thymidine was added, and cultured for 8 h, then the
celt were collected and degraded. Each control group was
compared with the blank control group in the count, and the
proliferation quotiety was calculated. Differential proliferation
quotiety epuals each group’s proliferation quotiety/PBS
group’ s proliferation quotiety x100%.

Statistical analysis
Dataand their variance were analyzed using EXCEL software.
P<0.05 was considered statistically significant.

RESULTS

Adherence of CagPAl and H pylori

CagPAI positive culture and mutant strains showed a different
bacteria/cell ratio, and were, marked with PKH26, then they
wereincubated with stomach cell Kato-111, the adherence ability
was measured with flow cytometry positive cells and mean
fluorescence intensity (MFI) were calculated. No difference
was found between wild strain and mutant strain. The result
was displayed in Figure 2.

21 _ -
@I Control

|:| H pyloribinding cells

26695 8-1

"y

Figure 2 Binding of cag PAI wildtype H pylori and their mutant
to gastric epithelial cell Kato-III.

Apoptosis-induced ability of cagPAl and H pylori

CagPAl and mutant strain were cultured with gastric epithelia
cells at the ratio 300:1 for 24 h. The cells were degeaded, the
cell apoptosis was detected by ELISA. We found that the
apoptosis-induced ability of 26 695 was slighty higher than
that of 8-1 strain, and no diffirence was found in other couples.
Theresult isdisplayed in Figure 3.
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Figure 3 Apotosis of gastric epithelial cells induced by positive
cagPAIl and knockout H pylori strains (determined by ELISA
2P<0.05 vs the control).

Immune prevention to the cagPAl and H pylori

The protection rate of groups PBS,CT, 26695 and 8-1 was 0%,
0%, 40%. 60% (Table 2). CagPAI positive strain ATCC26695
and mutant strain 8-1 companied with mucous membrane
adjuvant choleratoxin prevented H pylori from growing in the
stomach of mice. There was no difference between the CagPA|
positive strain and CagPAI negative strain. We found that full-
protect rate of the two H pylori immune group was only 20% or
s0. It was found that immune was apparently decreasein semi-
quantitative counting. No obvious difference was found
between groups, and CT grouphad no prevention effect. The
result isdisplayed in Figure 4.

Table 2 Ultrasonic smashed substance’s protection against
mice H pylori (result of urease test)

Immune project Urease test (+)/number  Protecting ratio (%)

of animals (piece)

PBS 5/5 0
CT 5/5 0
26695 SON+CT 3/5 407
8-1 SON+CT 2/5 60

3P<0.05, vs control groups.
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Figure 4 Semi-quantatative results of bacteria by histological
examination. 2P<0.05 vs PBS control.
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cagPAl and cell Immune of mice H pylori

Comparing with PBS control, the CT control number of spleencells
wasdightly increased, but that of two H pylori antigen-immune
groups was greatly increased. The number of CagPAl mutant
strains was more obvious. Compared with the two groups, no
differencewasfound, (P<0.05, Figure5).
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Figure 5 Specific proliferation index of immunized mice
(compared to PBS group).

DISCUSSION

CagA iscytotoxin correlative protein, which isone of H pylori
nosogenetic factors. The PAI isregarded as one of the signs of
H pylori infection. Early researches found that this positive
sign was higher in peptic ulcer and gastric carcinomathan in
gadtritis. For example, foreign reseachersfound that anti-CagPAl
in serum was positivein 93% of the gastric carcinoma patients?,
itisdifferentin Adan-Pecitic areg, thepositiveratio of thebacteria
strain was much higher. A large number of reports approved that
the pathogenicity of CagA (+) was stronger than that of CagA (-),
inducing the production of IL-8 and GRO-a, ENA 78 could produce
and activated related nucleic transcription factors®. Few reports
about comparson of wildtype strain isogenic mutant strain in
vitro were available. We studied three pairs of cagPAl wildtype
strain and cagPAI| gene-knockout mutant strain constructed
by Dr. Bery. No difference was found between the growing
speed and activity of the two strains.

Therer were many gene produces concerned with H pylori
adherence, including NLBH, porins, BabA etc*9. Our study
showed that therewas no differencein adherenceto the epithelia
of stomach between cagPAIl (+) strain and cagPAI (-) strain.

CagPAl (+) strain could cause apoposis and proliferationin
stomach epithelia™®. However, it was proved by ELISA in our
research that in vitro cagPA| was not concerned with apoptosis-
induced ability, which did agree with the result of Le' Negrate.
They found that cagE in cagPAI participated in the prosess of
Fas-induced H pylori causing stomach epithelial apoptosis
dueto different the strain. we chose two stainsin three pairs of
strains, so the result was probably accurate.

Intheimmune prevention of H pylori infection, it wasreported
that cagA could prevent infection of thecagPAI (+). Inour research,

SS1 strain which was used to infect animalswas cag (+) strain,
but we found that there was no difference in preventive effect
between cagPAI (+) strain and mutant strain. Although there
washo gatigtica difference, mutant stain had a higher protective
trend. It showed that the immune prevention was not caused
by protein coded by cagPAl. We do not support regarding
cagPAIl gene product isimmune antigen of H pylori bacterin.

Cellular immunity, especially CD4*T cdllular immunity isa
very important mechanism , which can help B cdlls produce sigA.
Wesdectedthespleen el proliferationtest asthetarget inimmune.
Because B cdlscould not liveinvitro, the proliferation cellswere
mainly T cdls BothcagPAI (+) and cagPAl (-) Srainwerestimulated
toproliferate T cells, indicating that some specid T cdlsclonesare
existed in spleen cells. The number of cagPAl mutant strainsis
more than that of cagPAI (+) strains, agreeing with the histology.

The effect of cagPAl on H pylori immune and pathogenesis
isvery complex and needs further study.
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Abstract

AIM: To investigate the pathway (s) mediating rat antral circular
smooth muscle contractile responses to the cholinomimetic
agent, bethanechol and the subtypes of muscarinic receptors
mediating the cholinergic contraction.

METHODS: Circular smooth muscle strips from the antrum
of Sprague-Dawley rats were mounted in muscle baths in
Krebs buffer. Isometric tension was recorded. Cumulative
concentration-response curves were obtained for (+)-cis-
dioxolane (cD), a nonspecific muscarinic agonist, at 108-
10 mol/L, in the presence of tetrodotoxin (TTX, 107 mol/L).
Results were normalized to cross sectional area. A repeat
concentration-response curve was obtained after incubation
of the muscle for 90 min with antagonists for M1 (pirenzepine),
M2 (methoctramine) and M3 (darifenacin) muscarinic receptor
subtypes. The sensitivity to PTX was tested by the ip injection
of 100 mg/kg of PTX 5 d before the experiment. The antral
circular smooth muscles were removed from PTX-treated
and non-treated rats as strips and dispersed smooth muscle
cells to identify whether PTX-linked pathway mediated the
contractility to bethanechol.

RESULTS: A dose-dependent contractile response observed
with bethanechol, was not affected by TTX. The pretreatment
of rats with pertussis toxin decreased the contraction induced
by bethanechol. Lack of calcium as well as the presence of
the L-type calcium channel blocker, nifedipine, also inhibited
the cholinergic contraction, with a reduction in response
from 2.5+£0.4 g/mm? to 1.2+0.4 g/mm? (P<0.05). The dose-
response curves were shifted to the right by muscarinic
antagonists in the following order of affinity: darifenacin
(M3)>methocramine (M,)>pirenzepine (M,).

CONCLUSION: The muscarinic receptors-dependent
contraction of rat antral circular smooth muscles was linked
to the signal transduction pathway(s) involving pertussis-toxin
sensitive GTP-binding proteins and to extracellular calcium
via L-type voltage gated calcium channels. The presence of
the residual contractile response after the treatment with
nifedipine, suggests that an additional pathway could mediate
the cholinergic contraction. The involvement of more than
one muscarinic receptor (functionally predominant type 3 over
type 2) also suggests more than one pathway mediating
the cholinergic contraction in rat antrum.

Wrzos HF, Tandon T, Ouyang A. Mechanisms mediating

cholinergic antral circular smooth muscle contraction in rats.
World J Gastroentero/ 2004; 10(22): 3292-3298
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INTRODUCTION

The mechanisms involved in the regulation of cholinergic
contraction of intestinal smooth muscle are complex and not
fully understood, despite the important role of the cholinergic
systemin the physiology of gastric emptying, and pathophysiology
of several motility disorders. Cholinergic agonists activate
muscarinic receptors which transduce cholinergic signals by
activating G proteind®3. Different signal transduction pathways
indifferent species, aswell asdifferent pathwaysfor the circular
and longitudinal layers of intestinal smooth muscle have been
reportedi>*.

Specific muscarinic receptors are abundantly present in the
smooth muscles of gastrointestinal tract!*s2?, Muscarinic
receptor subtypes have shown a G-protein coupling specificity,
however the published data are inconsistent. In some studies
M3, M3, M5 receptor subtypes were preferentially coupled to
the Gg/11 protein class, the M, and M, receptors were linked to
the PTX-sensitive Gi/Go proteind®?!, Whereasin other studies
muscarinic M, receptors were insensitive to pertussis toxini.

Relatively few references are published characterizing rat
stomach muscarinic receptor subtypes, again with conflicting
results. Prevalence of M52 or of M4/, or M, receptorg®*
has been reported. Which muscarinic receptor ismorefunctionally
important in the cholinergic contraction of antral circular muscle
has not been determined.

Theaim of thisstudy wasto examinethe signal transduction
pathway (s) mediating rat antral smooth muscle cholinergic
contraction to fill the existing knowledge gaps: (1) what type of
calcium channel wasinvolved and was there a dependence on
extracellular Ca?* influx; (2) whether PTX-sensitive- or PTX-
insensitive-G proteins coupled to muscarinic receptors were
involved; and (3) what subtypes of specific muscarinic receptors
were functionally involved. Determining the physiology of the
pathway (s) mediating cholinergic contraction of the antrum
should be helpful in understanding the functional motility
changes described in models of disease conditions, such as
diabetes®*¥, Preliminary accounts of some of these observations
have been published in abstract formt"3,

MATERIALS AND METHODS

Animals

Young adult male Sprague-Dawley rats (Charles River Breeding
Laboratories), weighing 200-450 g were used. Animals
were anesthetized by ip injection of sodium pentobarbital
(30-65 mg/kg). Anesthesiawas given immediately before the
tissueremoval to avoid the effect of anesthesiaon the contractile
properties of the tissue. The abdomen was explored through
midlineincision and the stomach was removed. After thetissue
was removed, animals were euthanized by injection of an
overdose of pentobarbital. All our studies were approved by
the Ingtitutional Animal Care and Use Committee of the PSU
College of Medicine.
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Smooth muscle strip bath preparation*!

The antrum tissue was pinned in adissecting dish in oxygenated
Krebs solution, mucosa was gently removed by scraping, and
strips were cut in the circular muscle orientation. The muscle
was oxygenated in Krebs physiological buffer containing
(inmmol/L) 130Na, 4.7K, 25Ca, 1.0Mg,, 140.7 Cl, 19HCO,, 1.0
PO,and 10 glucose at 37 C. The strips were sutured at one end
toaglassrod and a the other end to an inelastic wire. Thetissue,
therod and awire were placed in a10-mL double walled glass
chamber with a constant temperature 37 ‘C. Glass surfaces
were silicone coated with Sigmacote to prevent binding of the
peptides. The chambers were filled with 5 mL of Krebs buffer
and gassed with 95:5 mixture of O,/CO,, The free end of wire
was attached to an isometric force transducer (Grass | nstrument
Co) and recordings were made on a multichannel rectilinear
dynograph recorder (Beckman Instruments). The strips were
allowed to equilibrate for 1 h. Tissues were stretched to an
initial length (L;) from which any additional stretch resultedin
an increase in tension. The isometric tension response to
bethanechol (10 mol/L) was noted. The strips were rinsed and
the length increased by 1 mm increment until the maximum
response to bethanechol (10#mol/L) was recorded. Thislength
was labeled Lo. All subsequent studies were conducted at this
length. Drugs were added to the tissue bath and the pesk response
within 8 minwas compared with the maximum tension recorded
during 5 min before addition of drugs. Antagonists were added
1 min before the addition of agonist. The peptidase inhibitors
bestatin and phosphoramidon (both at 10° mol/L) were added at
least 5 min beforethe agonist addition. Theresponsewasca culated
asthe change in the maximal force of contraction in g of tension
normalized to the cross sectional areawhich was calculated as:
cross section (mm?) = weight (g)/specific densityxlength (mm),
where the specific density of muscletissue = 1.056 (g/mm?®).

Dispersed single muscle cell preparationt24

Smooth muscle cells were isolated from the circular muscle
layer of the antrum. The mucosa was removed by dissection
and the longitudinal muscle layer (with enteric plexus ganglia)
wasremoved in stripsusing a Stadie-Riggstissue dicer (Thomas
TM). The circular muscle layer was minced and incubated for
45 min twice in Hepes buffer containing collagenase (CL Stype
I1, Worthington) and 0.1 g/L soybean trypsininhibitor at 31 °C.
Partially digested strips were washed with enzyme-free Hanks
medium. Muscle cells were allowed to disperse spontaneoudy
under the gentleforce of bubbling 950 mL/L O,+50 mL/L CO, for
30min(no agitation), and then filtered through 500 umol/L Nitinol
mesh, to the culture media. Viability was checked by trypan blue
exclusontest. Aliquotsof cellswere added to solutions containing
the agonists at room temperature. The reaction was stopped
after 30 min, by addition of acrolein to thefina concentration of
1%. Aliquotswere sealed under coverdips. Computerized image
analysis (NIH Image 1.62) was used for quantification. A scale
dlide was used for reference. The length of single muscle cells
was measured (at least 50 cells per concentration).

Contractile response of antrum smooth muscle strips to cholinergic
agonist

To determine the effect of bethanechol on antrum circular
smooth muscle contraction, muscle strips were exposed to the
increasing doses of muscarinic agonist, bethanechol, at the
concentrations of 10+ t0107 mol/L in an organ bath.

Characteristics of effect of extracellular Ca** and type of calcium
channel involved

To determine whether cholinergic contraction depended on the
influx of extracellular Ca?*, the response to bethanechol chloride
in the physiological Krebs buffer was tested, then the buffer
was changed into Ca-free buffer (inmmol/L: NaCl 132.5; KCl 4.

7, MgCl, 1.0; NaH,PO, 1.2; NaHCOs 20.0; D-glucose 10; EGTA
(50 umol/L), and contraction was subsequently recorded after
5and 10 min.

To characterize the type of calcium channel involved in the
cholinergic contraction, nifedipine (an L-type cal cium channel
antagonist) was used. Nifedipine was dissolved in ethanol and
added to the physiological Krebs buffer at the concentration
of 10° mol/L™"? and contraction was recorded. Statistical
sgnificance of the difference between contractionin the presence
and absence of nifedipine was calculated by paired t-test, the
results were considered statistically significant at P<:0.05.

Treatment with pertussis toxin (PTX)

In order to determine whether PTX-sensitive pathway was
involved in cholinergic contraction, stripsand dispersed muscle
cells (myocytes) isolated from the antrum of PTX-pretreated
and non-pretreated animals were compared.

Rats were injected with 100 mg/kg of PTX (dissolved in
saline) intraperitoneally 5 d before the study™. Muscle strips
from PTX-treated and contral ratsin thetissue bath were exposed
to cholinergic agonist, bethanechal, at the concentration of 10
to 10°mol/L. Statistical significance of the difference between
the contraction of the muscle from PTX-pretreated and non-
treated rats was defined by non-paired t-test, the results were
considered statistically significant at P<:0.05.

The changesin the pattern of contraction of muscle cellsin
dispersed cell suspension were al so measured (detailed description
in the “ dispersed muscle cell preparation” section of Materias
& Methods). Two concentrations of bethanechol (107 and
10® mol/L) were added to the cell suspensionsin the tubesin
the physiological buffer. Their contractions were measured as
the percentage of the control cell diastolic length*l. The mean
lengths of cellsfrom control rats were compared to those of the
cells from PTX-treated animals. Results were presented as
mean+SE. Statistical significance of the difference was
calculated by the paired t-test, the results were considered
statistically significant at P<:0.05.

Characterization of muscarinic receptor subtypes involved
For the characterization of muscarinic receptor subtypes
involved in cholinergic contraction we used a non-selective
muscarinic agonist, (+)-cis-Dioxolane# and rel atively specific
receptor subtype antagonists.

The conditions of organ bath were described above in the
“Smooth muscle strip bath preparation” section of Materials
and Methods. At the start of the experimental protocol, the
viahility of each tissuewas assessed by determining the contractile
response to bethanechol (10*mol/L). After washed, tissues
were re-equilibrated for 10 min and allowed to regain baseline
tension. Cumulative concentration-effect curves of (+)-cis-
Dioxolane, (10 to 3x10°mol/L) were constructed for each
tissue. Tissues were then equilibrated in either the absence
(control) or presence of the antagonist for 90 min. Subsequently, a
second concentration-effect curve to (+)-cis-Dioxolane was
congructed. Smooth muscle stripswereincubated with increasing
concentrations of antagonists demonstrating arelative specificity
for M4, M, or M3 muscarinic receptor subtypes (pirenzepine,
methoctramineand darifenacin, respectively). Each antral smooth
muscle strip was exposed to only one concentration of antagonists
and incubated for 90 min at 37 °C, with afresh antagonist added
to the medium every 30 minl474,

The ECs, values for muscarinic antagonists were obtained
(i.e. antagonist concentration resulting in 50% of inhibition of
the contraction induced by cholinergic agonist, (+)-cis-
Dioxolane(10*moal/L).

Drugs
Tetrodotoxin (TTX), sigmacote, neurokinin A (NKA), nifedipine,
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papain, peptidaseinhibitors bestatin and phosphoramidon, soybean
trypsin inhibitor, acrolein and pirenzepine (predominantly M,
muscarinic receptor antagonist), werefrom Sigma, &. Louis, MO.

(+)-cis-dioxolane (cholinergic agonist) and methocramine
(predominantly M, muscarinic receptor antagonist) were
purchased from RBI Inc., Natick, MA. PTX was purchased
fromLigt Biologica Labs, Inc., Campbell, CA. Bethanechol chloride
was purchased from Merck, West Point, PA and collagenase (CLS
typell) from Worthington, PA. Darifenacin (predominantly M
muscarinic receptor antagoni st) was agenerous gift from Pfizer
Ltd, Sandwich, Kent, GB.

RESULTS

Dose-response curve to cholinergic agonist

A contractile dose-response was observed, when the antral
circular smooth muscle strips were exposed to the increasing
doses of muscarinic agonist, bethanechol, at the concentrations
of 10 to 10" mol/L in an organ bath. A significant increase of
the tension over the baseline was observed at the bethanechol
concentrations of 10 to 10°mol/L (Figure 1, n=4).

Tension (g/mm?)
D
L

0,
-10 9 8 -7 -6 -5 4 -3
Log bethanechol (m)

Figure 1 Effect of bethanechol on smooth muscle contraction.
Antrum circular smooth muscle strips were incubated with increas-
ing concentrations of bethanechol (10* mol/L to 107 mol/L).
The vertical axis represents the developed tension (in grams
per mm?). Bethanechol significantly increased circular muscle
tension (P<0.05; paired t- test). Each data point represents
mean=SE, n = 4.

Effect of tetrodotoxin (TTX)
Antrum circular smooth muscle stripswere exposed to bethanechol
at the concentration of 10°mol/L, in a buffer containing
tetrodotoxin (10°mol/L), added prior to bethanechol to the organ
bath. The cholinergic contraction wasnot affected by tetrodotoxin,
neurona toxin, with the contraction at 94.9+3.2% of control.
Thelack of inhibition of the contraction by TTX confirmed
that acholinergic agonist could induce contraction viamuscarinic
receptors present at the smooth muscle, without participation
of neuronal factor.

Effect of calcium depletion on cholinergic contraction and
characterization of a calcium channel subtype involved
Calcium-freebuffer Incubationincacium-freebuffer diminished
the antral contractile response to bethanechol (10*mol/L), with
areduction in response from 2.5+0.4 g/mm? to 1.2+0.4 g/mm?
(P<0.05) after 5 min of incubation in calcium-free buffer. After
10 min of incubation in Ca2* -free buffer contractile activity was
almost abolished (Figure 2).

Full recovery of the contraction was seen after return of the
Ca*" to the tissue bath medium, indicating that there was no
damageto the cell resulting in a decreased contraction. These
results showed that cholinergic contraction was dependent on
the presence of extracellular calcium, areceptor-operated Ca*
or voltage-sensitive Ca?* channels.

Effect of calcium channel blocker TheL-typecacium channel
blocker, nifedipine at aconcentration of 10°mol/L inhibited the
cholinergic contraction response of antrum to the bethanechal, at
the concentration of 10 mol/L from 4.02+0.9t0 0.49+0.18 g/mm?
(P<0.05), indicating that the L-calcium channel could mediate
this contraction.

P<0.005 ‘

Tension (g/mm?)

0 |
Control  5min 10 min
Contraction by bethanechol (10 mol/L) in Ca ?* free medium

Figure 2 Effect of depletion of Ca* from medium on the con-
traction of antral circular smooth muscle strips to bethanechol
(10*mol/L). Ca?* depletion caused a significant decrease in the
muscle tension; after 5 min incubation (P<0.06, paired t-test);
and after 10 min incubation (P<0.005, paired t-test) compared
to the base contraction induced by bethanechol before Ca?*
depletion. Each data point represents mean+SE, n = 3.

Identification of G-protein-linked signal transduction pathway
by PTX

The response to bethanechol of antral circular muscle strips
and dispersed smooth muscle cells from PTX-pretreated and
control rats was compared (see Methods).

Smooth muscle strips The contractile response to bethanechol
of the muscle strips from the PTX-pretreated animals was
significantly lower than that of the muscle strip from the non-
treated control rats at all concentrations, 10 to 10 mol/L
(Figure3, P<0.02).

10.0+ pe o0
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Figure 3 Effect of PTX on antrum circular smooth muscle
strips contraction to bethanechol (10* mol/L to 10° mol/L).
PTX significantly inhibited the contractile activity of the smooth
muscle (P=<:0.01; paired t-test) compared to control rats. Each
point represents mean=SE, n = 7; dotted bars represent control
animals; solid bars-PTX-pretreated animals.

Theinhibiting effect of PTX on the contraction implied that
cholinergic agonist was activating a PTX-sensitive pathway.

A low leve of residua contractile activity was observed in
the contraction of PTX-treated muscle strips suggesting either
that there was a small PTX-insensitive fraction involved, or
that the dose of PTX used wasinsufficient to completely inhibit
PTX-sensitive pathways.
Disper sed antral smooth muscle cells When dispersed myocytes
from PTX-treated rats and controls were compared, cellsfrom
PTX-pretreated rats showed significantly less contraction to
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bethanechol than the cellsisolated from the rats non-treated with
PTX, at both bethanechol concentrations, 10 and 107 mol/L
(Figure 4, P<.0.005). The inhibiting effect of PTX on the
dispersed myocytes contraction, confirmed the smooth muscle
strip data and suggested that the cholinergic agonist involved
an occupation of specific muscarinic receptors coupled to PTX-
sensitive mediated pathway.

150 P<0.005

P<0.005
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Figure 4 Effect of PTX on dispersed antral circular smooth
muscle myocytes from PTX-pretreated rats contraction to
bethanechol (10" mol/L and 10® mol/L). Myocytes from PTX-
treated rats contracted less than myocytes from control rats.
Each point represents mean=SE; of the percentage of the con-
trol cells diastolic length (no bethanechol). At least 50 myocytes
per point were calculated, P<0.005; n = 7 and 11. Dotted bars
represent control animals; solid bars PTX-pretreated animals.

Characterization of thetypeof muscarinicreceptor subtypes
involved in contraction to cholinergic agonist To define
pharmacologically the muscarinic receptors involved in the
cholinergic contraction, specific muscarinic receptor antagonists
were used in the presence of tetrodotoxin (107 mol/L).

For this functional muscarinic receptor study we chose a

non-selective cholinergic agonist, (+)-cis-Dioxolane (see
Methods), instead of bethanechol, which has been reported to
selectively stimulate M; receptor#546491,
Pirenzepine, the M, muscarinic receptor antagonist, was used
at theconcentrationsfrom 3x10° to 10° mol/L.. Pirenzepinecaused
asignificant inhibition of the of the contractile muscle response
tothe (+)-cis-dioxolane (Figure 5).
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Figure 5 Concentration-response curves for the contractile
effect of (+)-cis-Dioxolane alone and in combination with differ-
ent concentrations of M, antagonist, pirenzepine (10 mol/L
to 10° mol/L) on the rat antral circular smooth muscle strips.
Each point represents the mean+SE, n = 6, 6, 7 and 8 strips.
Cumulative concentration-effect curve was constructed for each
strip for (+)-cis-Dioxolane, (10-° to 3x10° mol/L). After washing,
strips were equilibrated in either the absence (control) or pres-
ence of pirenzepine for 90 min. Subsequently, the second con-
centration-effect curve for (+)-cis-Dioxolane was constructed
for each strip. Pirenzepine caused a significant inhibition of the
contractile muscle response to (+)-cis-dioxolane.

M ethocramine-M 2 muscarinic receptor antagoni st was used
at the concentration range between 3x10° and 10®mol/L.
M ethocramine caused a significant inhibition of the of the
contractile muscle response to the (+)-cis-dioxolane (Figure 6).

Darifenacin was used at the concentration range from 3x10°
t010°moal/L (Figure7). Darifenacin caused asignificantinhibition
of the contractile muscle response to the (+)-cis-dioxolane.
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Figure 6 Concentration-response curves for the contractile
effect of (+)-cis-Dioxolane alone and in combination with dif-
ferent concentrations of M, antagonist, methocramine (from
10® mol/L to 10° mol/L) on the rat antral circular smooth
muscle strips. Each point represents the mean+SE; n =4, 9, 10
and 11 strips. First, cumulative concentration-effect curve was
constructed for each strip for (+)-cis-Dioxolane, (108 to 3x10°
mol/L). After washing, tissues were equilibrated in either the
absence (control) or presence of methocramine for a 90 min.
Subsequently, the second concentration-effect curve for (+)-
cis-Dioxolane was constructed for each strip. Methocramine
caused a significant inhibition of the contractile muscle response
to (+)-cis-Dioxolane.
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Figure 7 Concentration-response curves for the contractile
effect of (+)-cis-Dioxolane alone and in combination with
different concentrations of M, antagonist, darifenacin (from
10 mol/L to 10 mol/L) on the rat antral circular smooth
muscle strips. Each point represents the mean+SE; n=4, 7, 11,
10 strips. First, cumulative concentration-effect curve was con-
structed for each strip for (+)-cis-Dioxolane, (10® to 3x10° mol/L).
After wash, tissues were equilibrated in either the absence
(control) or presence of darifenacin for a 90 min. Subsequently,
the second concentration-effect curve for (+)-cis-Dioxolane was
constructed for each strip. Darifenacin caused a significant inhi-
bition of the contractile muscle response to (+)-cis-Dioxolane.

Comparison the muscarinic M;, M, and M; receptor antagonists
mediating the rat antral circular smooth muscle contraction

All three receptors (M1, M, and M) subtype antagonistsinhibited
the antral circular muscle contraction to cholinergic agonist
(+)-cis-dioxolane. Darifenacin (M) wasmost potent ininhibiting
rat antral smooth muscle cholinergic contraction. The dose-
response curves were shifted to the right by muscarinic
antagonistsin the following order of affinity: darifenacin (M5)
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>methocramine (M,) >pirenzepine (M1). The ECs, for each
antagonist was as follows: darifenacin 7.9, methacramine 7.2
and pirenzepine 6.8 (Figure 8).
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Figure 8 Comparison of the inhibition of the contractile re-
sponse to cis-Dioxolane by 3 muscarinic receptor antagonists:
M- darifenacin, M,- methocramine, and M;- pirenzepine. The
M; antagonist, darifenacin, was the most potent inhibitor of
the contraction induced by (+)-cis Dioxolane (10° mol/L). The
ECs, values for each were: for darifenacin (M;) -7.9; for
methocramine (M,) -7.2; and for pirenzepine (M) -6.8.

DISCUSSION

It is well established that cholinergic agonists are of major
importancefor thestimulation of antral smooth muscle contraction
and that their effect is mediated by muscarinic receptors. In
various smooth muscle cells, the action of cholinergic agonists
involved the occupation of specific receptors, activation of
receptor-coupled G-proteins and subsequent activation of the
second messenger systems, which would lead to the mobilization
of Ca?* from intracellular storage pools*®. Certain steps of the
signaling pathway (s) for the cholinergic contraction of antral
circular smooth muscle in rats are still not understood, for
example, the second messenger system or the functional
characteristics of the muscarinic receptor subtypes involved.
Inour study thecholinergicrat antral circular muscle contraction
in vitro was sensitive to the depletion from the extracellular
Ca?* that significantly diminished the cholinergic contraction.
This finding along with the inhibitory effect of nifedipine
indicated a dependence on extracellular Ca?* influx viaL-type
calcium channel §%.

It istill not clear whether cholinergic contractile pathways
of antral circular smooth muscle are mediated by PTX-sensitive
GTP-binding protein through an increased inflow of extracellular
calcium, or mediated via PTX-insensitive, inositol triphosphate
(1P5)-dependent pathway. The circular muscle of cat esophagus
and the lower esophageal sphincter (LES) were reported to be
linked to different pathways. LES circular muscle cholinergic
contraction wasshownto belinked to the PTX-insendtive pathway,
whereas esophagea circular muscle cholinergic contraction has
been reported to be linked to the PTX-sensitive pathway!-4,

In the present study, pretreatment with PTX significantly
inhibited the contractile response to bethanechol of the antral
smooth muscle strips in the organ bath and of the dissociated
myocytes.

More than one muscarinic receptor may be responsible for
cholinergically mediated contractility at aparticular area52>5-581,
A mgorrolefor M andaminor rolefor M, receptorsin cholinergic-
induced smooth muscle contraction have been shown at the
tissue of various species and organg®” 9, but it is still not clear
how different receptors may interact to mediate a specific
function. For example, M, receptor might serve asan inhibitory
presynaptic autoreceptor!®, or M, receptor could act by gating
cation channels that were subsequently modulated by M3
receptorg®l.

Thefunctiona characterigtics of muscarinic receptor subtypes
regulating antrum circular muscle cholinergic contraction have
not been previoudy reported. In our functional studies, cholinergic
contraction in response to cis-dioxolane in rat antral circular
muscles was mediated mostly through M, less by M,, and the
least by M; muscarinic receptor subtypes.

Theinvolvement of PTX-sensitive GTP-binding proteinsin
mediating the contractile response to muscarinic agonists has
been reported to be linked to muscarinic M, receptor in many
studies, such asin cat esophaged circular musclé'™*2, |n contradt,
our experimentsin rat antral circular musclesindicated that the
M muscarinic receptor was functionally prevalent, and yet,
PTX-sensitive pathways were shown to be activated in the
process of antral cholinergic contraction. A few publishe