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Abstract

AIM: To investigate the relationships between the
expression of cyclooxygenase-2 (COX-2), vascular endothelial
growth factor (VEGF) and the degree of vascularization,
clinicopathologic feature, survival time of patients with
gallbladder carcinomas.

METHODS: Sixty-four gallbladder carcinoma specimens
were evaluated for COX-2, VEGF expression by immunohi-
stochemical methods. Microvessel counts (MVC) were
determined using CDs4. The relationships between COX-2,
VEGF expression, CDs4-stained MVC, clinicopathologic
features and survival time were analyzed. The correlations
between COX-2 and VEGF expression, CDs4-stained MVC
were also investigated.

RESULTS: COX-2, VEGF immunoreactivity were observed
in 71.9% (46/64) and 54.7% (35/64) specimens,
respectively. The average MVC in 64 cases of gallbladder
carcinoma was 57%14 per high power vision field. The
status of MVC was closely correlated with Nevin staging,
tumor differentiation and lymph node metastasis (P<0.01,
0.002, and 0.003, 0.000, respectively). Increased VEGF
expression was significantly correlated with tumor
differentiation (poorly and moderately>well differentiated,
P<0.05, P=0.016). Clinical stages had no relation with
the expression of VEGF (P>0.05, P = 0.612). There was
a positive correlation between COX-2 expression and
clinical stages. The positive rate of COX-2 was higher in
cases of Nevin stages S.-Ss (81.8%) than in those of Nevin
stages S;-S; (50.0%) with a statistical significance (P<0.01,
P = 0.009). The expression of COX-2 did not vary with
differentiation (£>0.05, P= 0.067). Statistically significant
differences were also observed according to lymph node
metastasis, COX-2 expression and VEGF expression

(P<0.01,0.000, and 0.001, respectively). There was no
relation between VEGF, COX-2 expression, MVC and the
age and sex of patients. MVC and VEGF positive rate in
the COX-2 positive gallbladder carcinoma tissue was
higher than that in the COX-2 negative tissue (P<0.05,
0.000, and 0.032, respectively). Patients with VEGF,
COX-2 positive tumors had a significantly shorter survival
time than those with negative tumors (P<0.05, 0.004,
0.01, respectively).

CONCLUSION: Augmented tumor neovascularization
induced by VEGF may be one of the several effects of
COX-2 responsible for poor prognosis of human gallbladder
carcinoma. COX-2 inhibitor, either in combination therapy
with other agents, or for chemoprevention, may be effective
via suppression of angiogenesis in this fatal disease.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Most solid tumors require new blood vessels to provide the
nuttients necessary for growth and survivall. Neovasc-
ularization has been shown to correlate directly with the
expression level of several independent genes such as
vascular endothelial growth factor (VEGF) that promote
angiogenesis. Several proteins and enzymatic pathways also
take part in the complex process of angiogenesis. Cyclooxygenase
(COX-2) that catalyzes the formation of prostaglandin from
arachidonic acid contributes to the regulation of angiogenesis
by various genes, including fibroblast growth factor-a.,
VEGTF, platelet-derived growth factor and tumor growth
factor-BP. COX-2 seems to be involved at vatious steps in
the processes of malignant transformation and tumor
progression. Investigations have shown that COX-2
overexpression is associated with increased proliferation,
reduced apoptosis, and angiogenesisP. Chemoprevention
based on COX-2 has been achieved in a restricted group
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of patients and clinical enthusiasm has been expressed for
COX-2-based treatment to be extended as chemoprevention
in a wider range of patients or as adjuvant therapy of
established diseases®.

Expression of COX-2 is responsible for enhanced tumor
growth and angiogenesis in various tumors. However, the
role of COX-2 in tumor neovascularization of human
gallbladder carcinoma is yet to be delineated.

To analyze the relationships between the expression of
COX-2, VEGE, microvessel counts (MVC), clinicopathologic
features and survival time of patients in gallbladder
carcinomas, 64 specimens were evaluated for COX-2, VEGF
expression and CD 5,-stained MV C by immunohistochemical
methods.

MATERIALS AND METHODS

Clinicalmaterials

Sixty-four surgically resected and paraffin-embedded
samples of gallbladder carcinoma in 1985-2001 were
collected. The mean age of patients was 57+5.2 years
and the ratio of male to female was 28-36 years. None of
them received any preoperative radiochemotherapy.
According to Nevin grading criteria®, the clinical grade
distribution was grades Sy, S,, S; in 20 cases (31.2%), grades
Ss, S5 1n 44 cases (68.8%). Histologically, all of them were
adenocarcinomas, 21 were well-differentiated (32.8%), 17
moderately-differentiated (26.6%) and 26 pootly-difterentiated
(40.6%) adenocarcinomas. In addition, the lymph node
status was known in 40 cases (62.5%), 52 cases wetre followed-
up (81.3%)).

Reagents and methods

Rabbit polyclonal antibody to VEGF (A-20) and COX-2
(H-62) was purchased from Santa Cruz Inc. Mouse
monoclonal antibody against CD3, (QBEnd/10) and SP
immunohistochemical reagent box UltraSensitive™ S-P kit
(kit 9710) were purchased from Maixin-Bio Co., Fuzhou,
China. Four-micrometer-thick sections were cut from
formalin-fixed, paraffin-embedded surgical specimens from
64 cases of gallbladder carcinoma.

The expression of VEGE, COX-2, and CD3, was assessed
by SP immunohistochemical method. Briefly, slides were
deparaffinized, rehydrated, and treated with 3% H,O, for
10 min to quench endogenous peroxidase activity. Slides
were treated with normal rabbit serum for 20 min to block
nonspecific bindings. The sections wete incubated overnight
at4 C in moisture chambers with a battery of Abs including
anti-COX-2 and anti-VEGF and anti-CDs,, and those in
the control group were dyed with the first antibody
substituted by PBS. Positive control slides were always
included in each immunoassaying.

Evaluation of staining

The slides were evaluated under a transmission light
microscope by two sepatate investigators in a blind manner.
For COX-2 or VEGF assessment, staining intensity was
scored as 0 (negative), 1 (weak), 2 (medium), and 3 (strong).
Extent of staining was scoredas 0 (0%), 1 (1-25%), 2 (26-
50%), 3 (51-75%),and 4 (76-100%) according to the

petcentages of positive staining areas in relation to the whole
carcinoma area. The sum of intensity and extent scores was
used as the final staining score (0-7) for COX-2P'". Tumors
havinga final staining score >2 were considered to be
positive. For MVC assessment, according to Weidner!'", the
areas containing a large number of microvessels or “hot
spots” were identified at low magnification (X40) under a
light microscope. Then counts were made under 200X field
in the densest area of microvessels. The average number
of microvessels in 10 fields was recorded as the MVC for
each tumor.

Statistical analysis

Statistical analysis was performed by ¥ test and 7 test using
SPSS software (version 10.0). P<0.05 or P<0.01 was
considered statistically significant.

RESULTS

Expression of VEGF, COX-2 and MVC

VEGF and COX-2 were located at brownish yellow stained
granules in cytoplasm (Figure 1). The microvessels were
heterogeneously distributed in malignant tissues. The positive
expression of CDj3, was mainly presented at brownish yellow
or brownish granules in cytoplasm of vascular endothelial
cells (Figure 2). The expression rate of VEGF and COX-2
in 64 cases of gallbladder carcinoma was 54.7% (35/64)
and 71.9% (46/64) respectively. MVC was 37 to 82 per
high power vision field with an average of 57+14.
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Figure 1 Expressed VEGF (A) and COX-2 (B) in gallbladder carcinoma
(8-P x400).

Relationship between VEGF and COX-2 expression, MVC and
clinicopathological characteristics of gallbladder carcinoma
The status of VEGF, COX-2 and MVC is summarized in
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Table 1. The status of MVC was closely correlated with
Nevin staging, tumor differentiation and lymph node
metastasis. The patients with lymph node metastasis and
poorer differentiation or in Nevin stages S;-S5 had higher
MVC (P<0.01, 0.000, 0.003, and 0.002, respectively).
Increased VEGF expression was significantly correlated with
tumor differentiation (poorly and moderately>well
differentiated, P<0.05, P = 0.016). Clinical stages had no
relation with the expression of VEGF (P>0.05, P = 0.612).
A statistically significant correlation was observed between
COX-2 expression and clinical stages. The positive rate of
COX-2 was higher in cases of Nevin stages S,;-Ss (81.8%)
than in those of Nevin stages S;-S; (50.0%) with a statistical
significance (P<0.01, P = 0.009). The expression of COX-2
did not vary with differentiation (P>0.05, P = 0.067). Both
COX-2 and VEGF levels showed a positive correlation with
lymph node metastasis. COX-2 and VEGF levels were
significant in cases having lymph node metastasis higher
than in those having no lymph node metastasis (P<0.01,
0.000, and 0.001, respectively). The VEGE, COX-2 levels
and MVC did not correlate with the age and sex of patients
(P>0.05).

Table 1 COX-2, VEGF, and MVC status in relation to clinicopatho-
logical characteristics of patients

Pathological n Positive Positive MVC
characteristics VEGEF (%) COX-2 (%)
Sex
Male 28 17 (60.7) 21 (75.0) 56112
Female 36 18 (50.0) 25 (69.4) 58+16*
Age (y1)
=60 30 16 (53.3) 22 (73.3) 54413
<60 34 19 (55.9) 24 (70.6)* 60£15*
Clinical stage
51,5, Ss 20 10 (50.0) 10 (50.0) 49415
S, Ss 44 25 (56.8)° 36 (81.8)" 64+12°
Degree of differentiation
Well differentiated 21 7(33.3) 12 (57.1) 50+14
Moderately and poorly 43 28 (65.1)° 34 (79.1) 61+13°
differentiated
Lymph node metastasis
Positive 40 28 (70.0) 35(87.5) 65+12
Negative 24 7(29.2)° 11 (45.8)° 45+7°

Correlation between MVC, VEGF and COX-2 expression rate
As is shown in Table 2, MVC (62+13) in COX-2 positive
gallbladder carcinoma tissue was higher than that (45+10)
in COX-2 negative tissue (= 5.424, P<0.01, P=0.000). VEGF
positive rate (45.3%, 29/46) in COX-2 positive gallbladder
carcinoma tissue was higher than that (33.3%, 6/18) in
COX-2 negative tissue (x* = 4.608, P<0.05, P = 0.032),
suggesting that the expression of COX-2 was related to
increased VEGF and tumor angiogenesis.

Table 2 Correlation between MVC, VEGF and COX-2 expression
rate

VEGF expression
Characteristics MVC
Positive Negative
COX-2 expression
Positive 29 17 62+13
Negative 6 120 45+10°

2P<0.05,°P<0.01 vs control.

Relationship between expressions of COX-2 and VEGF and
prognosis of gallbladder carcinoma

Statistically significant differences in survival were observed
according to the expressions of COX-2 and VEGE. As is
shown in Table 3, the 3-year survival rate of patients with
COX-2 ot VEGF positive tumors was significantly less than
that of patients with COX-2 or VEGF negative tumors
(x*= 6.656 and 8.276, P = 0.01, P = 0.004, respectively).

Table 3 Relationship between expressions of COX-2 and VEGF
and prognosis of gallbladder carcinoma

Survival time (yr)

Characteristics n Rate of 3-yr
<3 >3 survival (%)
VEGEF expression
Positive 35 25 10 28.6
Negative 17 5 12 70.6"
COX-2 expression
Positive 38 26 12 31.6
Negative 14 4 10 71.4°

2P<0.05, *P<0.01, <P<0.05 vs control.

Figure 2 Immunohistochemical staining of CD4 in gallbladder carcinoma tissue
(8-P x200).

2P<0.05, ®°P<0.01 vs control.

DISCUSSION

In 1971, Folkman ef a/'?, initiated a new field of research
about tumor angiogenesis and found that several factors
take part in the process of angiogenesis. The extent of
angiogenesis appears to be an important prognostic factor
for many solid tumors, and MVC correlates with stage and
survival of many cancers!"’. Out study showed that the
status of MVC was closely correlated with Nevin staging,
tumor differentiation and lymph node metastasis. The
patients with lymph node metastasis, poorer differentiation
or in later stage had higher level of MVC in gallbladder
carcinomas, indicating that MVC might be one of the most
important parameters in predicting the prognosis of
gallbladder carcinoma.
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COX-2 is a key enzyme in prostaglandin biosynthesis.
Recent evidence indicates that COX-2 modulates angiogenesis
not only by increasing production of prostaglandins but also
by augmenting the release of angiogenic peptides such as
VEGTF, basic fibroblast growth factor (bFGF), and nitric
oxide from tumor cells!. COX-2 is expressedin human
tumor neovasculature and neoplastic cells!””. A large body
of evidence suggests that COX-2 is up-regulated in carcinoma
tissues and plays roles in promoting neovascularization,
cell proliferation, growth and metastasis of carcinoma
cells'. We found thatsome pathological vatiables such as
Nevin staging and metastasis had a significant correlation
with high COX-2 expression. Our study demonstrated that
the intensity of COX-2 expression correlated with metastasis
lymph nodes. Tsujii ¢# /'), found that induction of COX-2
expression in colon cancer cells activates membrane-type
metalloproteinases, which may explain the increased
invasiveness and greater metastatic potential of COX-2-
expressing tumors. We also found that COX-2 expression
had a significant impact on patient survival. Patients with
positive COX-2 tumors survived a shorter time than those
with negative COX-2 tumors. A similar survival time of
patients with negative COX-2 tumors has been reported by
Sheehan ez al'®l. Interestingly, overexpression of COX-2 was
more common in moderately and pootly differentiated
gallbladder carcinomaas compared with well-differentiated
carcinoma, but without statistical significance. Results from
our research suggest that tumor invasiveness and metastasis
are responsible for the worse prognosis of patients bearing
COX-2 positive tumors.

The development, invasion, metastasis, staging of human
neoplasm have been shown to correlate directly with the
expression level of several angiogenesis regulating factors
such as VEGF and bFGF™!. Studies have also shown that
VEGTF is significant in the angiogenic process as a prognostic
factor®’. The data of our studies indicate that VEGF
expression is strongly associated with poorer differentiation,
positive lymph node metastasis and worse prognosis of
gallbladder carcinoma, suggesting that VEGF plays a
significant rolein tumor invasion and metastasis.

Experimental researches on COX-2 have shown that
COX-2 stimulates angiogenesis in colon cancer cell lines by
inducing angiogenic factors such as VEGF and bFGFP!,
Jones et al*?, also demonstrated that COX-2 inhibitors
suppress angiogenesis by affecting three endothelial cell
lines and that COX-2 is important for the regulation of
angiogenesis in endothelial cells. Based on these findings,
we hypothesize that tumor-derived VEGF promotes
angiogenesis by inducing the production of COX-2. This
hypothesis is supported by our study finding that COX-2
expression was associated with VEGF expression in gallbladder
carcinoma and had a direct correlation with tumor MVC.
These results suggest that production of VEGF induced
by COX-2 is essential to neovascularization. Increased tumor
vascularity induced by COX-2 might be a significant cause
for the growth, invasion, metastasis and wotse prognosis
of gallbladder carcinoma. These new findings suggest that
COX-2 expression is associated with augmentation of
neovascularization. Carcinoma of the gallbladder is the most
common and highly malignant tumor of the biliary tract

with a poor 5-year survival rate. Whether a similar correlation
exists between COX-2 expression and angiogenesis in
gallbladder carcinoma is not clear.

Selective COX-2 inhibitors such as nonsteroidal anti-
inflammatory drugs (NSAIDs) have drawn much attention.
Clinical trials indicate that NSAIDs exhibita significant

antitumor effect on animal models?*?* and colorectal

carcinoma in humans?>%l,

Though the exact mechanismundetlying neovascularization
is not clear, COX-2 overexpression causes increased VEGEF
and angiogenesis, which may be the mechanisms undetlying
the contribution of COX-2 to the angiogenesis of gallbladder
carcinoma. In addition, COX-2 inhibition in the presence
of growth factor VEGF should be a very significant therapy
for the fatal disease.
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