
peritoneal metastasis, the mean MVD were significantly 
higher than those in patients of expanding type  
(P  < 0.01), stage T1-T2 (P  < 0.01), non-vessel invasion 
(P  < 0.01), without lymphatic metastasis (P  < 0.01), 
without hepatic and peritoneal metastasis (P  < 0.01), 
respectively. It was found that the positive expression 
rate of integrin β3 mRNA was positively related to that of 
VEGF protein (P  < 0.01) and MVD (P  < 0.05), meanwhile 
the positive expression rate of VEGF protein was 
positively related to MVD (P  < 0.05). The mean survival 
period in patients with positive expression of integrin β3 
mRNA and VEGF, and MVD ≥ 54.9/mm2 was significantly 
shorter than that in patients with negative expression of 
integrin β3 mRNA (P  < 0.05) and VEGF (P  < 0.01), and 
MVD < 54.9/mm2 (P  < 0.01). Five-year survival rate in 
patients with positive expression of integrin β3 mRNA 
and VEGF, and MVD ≥ 54.9/mm2 was significantly lower 
than those with negative expression of integrin β3 mRNA 
(P  < 0.05), VEGF (P  < 0.05), and MVD < 54.9/mm2  
(P  < 0.01).

CONCLUSION: Integrin β3 and VEGF expression 
can synergistically enhance tumor angiogenesis, and 
may play a crucial role in invasion and metastasis of 
gastric carcinoma. Therefore, they may be prognostic 
biomarkers and novel molecular therapeutic targets.

© 2008 WJG. All rights reserved.
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Abstract
AIM: To investigate integrin β3 mRNA and vascular 
endothelial growth factor (VEGF) protein expression in 
gastric carcinoma, and its correlation with microvascular 
density, growth-pattern, invasion, metastasis and 
prognosis. 

METHODS: In situ  hybridization (ISH) of integrin β3 
mRNA and immunohistochemistry of VEGF and CD34 
protein were performed on samples from 118 patients 
with gastric cancer. 

RESULTS: The positive rate of integrin β3 mRNA in non-
tumor gastric mucosa (20%) was significantly lower than 
that of the gastric cancer tissue (52.5%, χ2 = 10.20,  
P  < 0.01). In patients of infiltrating type, stage T3-T4, 
vessel invasion, lymphatic metastasis, hepatic or 
peritoneal metastasis, the positive expression rates of 
integrin β3 mRNA were significantly higher than those 
in patients of expanding type (P  < 0.01), stage T1-T2  
(P  < 0.01), non-vessel invasion (P  < 0.01), without 
lymphatic metastasis (P  < 0.01), without hepatic and 
peritoneal metastasis (P  < 0.01), respectively. In patients 
of infiltrating type, stage T3-T4, vessel invasion, lymphatic 
metastasis, hepatic or peritoneal metastasis, the positive 
expression rates of VEGF protein were significantly 
higher than those in patients of expanding type  
(P  < 0.01), stage T1-T2 (P  < 0.01), non-vessel invasion  
(P  < 0.01), without lymphatic metastasis (P  < 0.01), 
without hepatic and peritoneal metastasis (P  < 0.01), 
respectively. In patients of infiltrating type, stage 
T3-T4, vessel invasion, lymphatic metastasis, hepatic or 
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For patients with gastric cancer, metastasis is the most 
common cause of  death and is a major obstacle to 
successful treatment[1]. The spread of  tumor cells from a 
primary to metastatic site is a complicated and multistage 
process, which may include cel l proliferation and 
migration, degradation of  basement membrane, invasion, 
and adhesion[2]. Current clinical methods cannot accurately 
predict which patients will develop metastasis. To develop 
effective new strategies for the prediction, diagnosis and 
treatment of  metastasis of  gastric cancer, molecular 
mechanisms controlling metastasis must be identified.

Angiogenesis, the process leading to the formation 
of  new blood vessels, plays a central role in cancer cell 
survival, local tumor growth, and development of  distant 
metastasis. The degree of  intratumoral microvascular 
density (MVD) is thought to influence tumor metastasis 
and consequently prognosis in various human cancers, 
including gastric cancer[3-6].

Recent investigations have shown that high expression 
of  integrin β3 is positively correlated with invasion and 
metastasis of  cancer cells and tumor angiogenesis[7,8], 
but only a few studies have investigated the relationship 
between integrin β3 and prognosis of  gastric cancer. In 
our study, we evaluated integrin β3 mRNA and vascular 
endothelial growth factor (VEGF) expression in gastric 
carcinoma and its relationship to pathological markers 
such as MVD, infiltration, metastasis and prognosis of  
gastric cancer.

MATERIALS AND METHODS
Patients and specimens
A total of  118 patients (79 male, 39 female; aged 38-80 
years, median age 57.8 years) who underwent gastrectomy 
for gastric carcinoma at Zhejiang Provincial People’s  
Hospital from October 1990 to November 1998 were 
included in this study. Five-year follow-up data were 
obtained, and the follow-up ended in November 2003. 
According to the WHO standard classification (2002), 
there were 39 tubular adenocarcinomas, 19 papillary 
adenocarcinomas, 37 poorly differentiated adenocarcinomas 
12 mucinous adenocarcinomas, and 11 signet ring cell 
carcinomas. These patients were also classified into well- 
and moderately-differentiated (G1 + G2, 70 patients), and 
poorly-differentiated (G3 + G4, 48 patients) types, based 
on the predominant differentiation mode, and classified 
into the expanding (51 patients) and infiltrating (67 patients) 
type. According to the AJCC TNM staging system (6th ed, 
2002), there were 21 stage T1, 26 stage T2, 45 stage T3, and 
26 stage T4; 89 patients with and 29 without vessel invasion; 
84 patients with lymphatic metastasis and 34 without; 
55 patients with distant metastasis (35 with peritoneal 
dissemination, 20 with hepatic metastasis) and 63 without. A 
control study was carried out in 20 samples obtained from 
non-tumor gastric mucosa 5 cm away from the primary 
tumor without hyperplasia or atypical hyperplasia. 

Reagents
Integrin β3 probe: oligonucleotide probe labeled with 
digoxigenin was obtained from Chinese Wuhan Boster 
Biotechnology (MK1602). The target gene mRNA 

sequence of  human integrin β3 is: (1) 5'-GACACCTGTG 
AGAAGTGCCCCACCTGCCA-3'; (2) 5'-GGATG
ACTGTGTCGTCAGATTCCAGTACTA-3'; and (3) 
5'-GCTAAATTTGAGGAAAGGCGCGCCAGAGC-3'.  
Immunohistochemical reagents: first antibody and 
EnVision kit (DAKO Denmark), mouse monoclonal 
antibody to VEGF (1:100) and CD34 (1:120); VEGF 
clone: JH121; CD34 clone: QBEnd 10.

In situ hybridization
The samples in our study were from histological sections 
from paraffin blocks. In situ hybridization was performed 
according to the manufacturer’s instructions. This 
experiment used RNase-free conditions and APES-treated 
slides, which were baked at 60℃ for 2-4 h before use. The 
samples were cut at 4-μm intervals, dewaxed with xylene, 
hydrated by a series of  ethanol solutions (100%, 95%, 80% 
and 70%); inactivated with endogenous peroxidase using 
3% hydrogen peroxide for 10 min at room temperature; 
washed three times with distilled water, each for 5 min;  
digested with Pepsin Reagent for 30 min at 37℃; rinsed 
three times in PBS for 5 min each, rinsed once in distilled 
water; fixed for 10 min at room temperature using 1% 
paraformaldehyde plus 1/1000 DEPC, washed three 
times with distilled water; then incubated in 50 μL  
pre-hybridization solution for 4 h at 40℃; and then 
superfluous liquid was absorbed. Each slide was incubated 
with 20 μL hybridization solution (concentration of  the 
hybridization probe was 2 ng/μL) overnight at 40℃; then 
washed twice with 2 × SSC at 37℃ for 5 min each, once 
with 0.5 × SSC at 37℃ for 15 min, once with 0.2 × SSC 
at 37℃ for 15 min, and once with 0.2 × SSC at room 
temperature for 15 min. These sections were incubated in 
blocking solution for 30 min at 37℃ and superfluous liquid 
was absorbed. Following that, the sections were incubated 
in mouse biotinylated anti-digoxigenin for 60 min  
at 37℃, washed three times with PBS for 5 min each; 
incubated in SABC for 30 min at 37℃; washed three times 
with PBS for 5 min each; incubated in biotin/peroxidase 
for 30 min at 37℃; washed three times with PBS for 5 min 
each; stained with DAB for 3 min at room temperature, 
and washed thoroughly. The slides were counterstained 
with Harris hematoxylin, washed, dehydrated in ethanol, 
cleared in xylene, and enveloped with neutral gum. 
Negative controls included: (1) hybridization solution 
without probe; and (2) specimens pre-treated with RNase. 

Immunohistochemistry
The EnVision two-step method was done according to 
the manufacturer’s instructions. Tissue sections were cut at 
4-μm intervals, dewaxed with xylene, hydrated by a series of  
ethanol solutions (100, 95, 80 and 70%). Method of  high 
temperature and high pressure (CD34: 0.01 mol/L Sodium 
Citrate buffering Solution, pH 6.0; VEGF: 0.01 mol/L  
EDTA buffering solution, pH 9.0) were taken to repair the 
needed antigen. The sections were washed with distilled 
water, washed three times with PBS for 5 min each, 
inactivated endogenous peroxidase using 3% hydrogen 
peroxide for 10 min at room temperature; washed three 
times with PBS for 5 min each; incubated overnight with 
dilute first antibody at 4℃, and rinsed three times with 
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PBS for 5 min each; incubated overnight with goat anti-
mouse IgG antibody/HRP polymer for 40 min at 37℃, and 
washed three times with PBS for 5 min each. Visualization 
was achieved with DAB for 3 min. After counterstaining 
with Harris hematoxylin, the slides were dehydrated in 95% 
and 100% ethanol, cleared in xylene, and enveloped with 
neutral gum. The negative control included replacement of  
the first antibody with PBS, and the positive slides provided 
by the reagent kit were used as the positive control.

Results evaluation 
Brown cytoplasm was indicative of  positive expression of  
integrin β3 mRNA. The clearly-stained areas were chosen 
at high power (× 400), and > 200 cells were quantified in 
every visual field. According to the percentage of  positive 
tumor cells, all these cells were scored as negative (-) 
(< 10% or no staining); weak positive (+) (11%-50%); 
positive (++) (51%-75%); or strongly positive (+++) 
(> 75%). Positive staining for VEGF was brown in 
the cytoplasm and/or cell membrane. These cells were 
scored as negative (-) (no staining); weak positive (+)  
(< 25%); positive (++) (26%-50%); strongly positive (+++)  
(> 50%), based on the percentage of  positive VEGF cells. 
Assessment of  MVD was performed as follows. Each 
slide was first evaluated at low power to capture the areas 
with the highest vascularization. Vessels with a clearly 
defined lumen or well-defined linear vessel shape, but not 
single endothelial cells were considered for microvascular 
assessment. We quantified positive vessels in five chosen 
fields (× 200) with the highest vascularization[3]. MVD was 
statistically recorded as the mean ± SD. The patients were 

divided into a high MVD (≥ 54.9/mm2) and low MVD  
(< 54.9/mm2) group based on the mean MVD value  
(54.9/mm2) of  118 gastric cancer patients.

Statistical analysis
Statistical analyses were performed using SPSS 10.0 software. 
Significant differences were compared with Student’s t 
test. The χ2 test was performed on the numerative data. 
Survival analysis was carried out using the Kaplan-Meier 
product-limit method, and survival curves were plotted. The 
differences were evaluated by the log rank test. P < 0.05 was 
considered statistically significant.

RESULTS
Correlation between integrin β3 mRNA expression and 
clinicopathological features 
The positive expression rate of  integrin β3 mRNA in 
non-tumor mucosa was 20% (6/30). Positive signals were 
distributed in the cytoplasm of  non-tumor glandular cell 
in gastric pit epithelium and the lamina propria, and the 
majority appeared weakly positive or positive. However, 
the positive expression rate of  integrin β3 mRNA in 
gastric cancer was 52.5% (62/118). There were significant 
differences between the two groups (χ2 = 10.20, P < 0.01).  
Positive cancer cells were stained in the cytoplasm, and 
most tumor cells infiltrating the muscularis mucosa, 
serosal layers, extra-serosal layers, and greater omentum 
positively expressed integrin β3 (Figure 1). In patients 
of  infiltrating type, poorly-differentiated cases, stage 
T3-T4, vessel invasion, lymphatic metastasis, hepatic and 
peritoneal metastasis, the positive expression rates of  
integrin β3 mRNA was significantly higher than those of  
the expanding type (χ2 = 8.42, P < 0.01), well-, moderately-
differentiated case (χ2 = 6.47, P < 0.01), stage T1-T2  

(χ2 = 26.60, P < 0.01), non-vessel invasion (χ2 = 32.13,  
P < 0.01), without lymphatic metastasis (χ2 = 31.85,  
P < 0.01), without hepatic and peritoneal metastasis  
(χ2 = 20.48, P < 0.01; χ2 = 34.72, P < 0.01) (Table 1).

Correlation between VEGF expression and 
clinicopathological features
VEGF was rarely expressed in normal gastric mucosa 
(Figure 2A). Of  118 gastric carcinoma patients, 64 
positively expressed VEGF (54.2%), and VEGF staining 
was mainly located in the cytoplasm of  tumor cells and 
usually observed at the tumor margins (Figure 2B).  
In patients of  infiltrating type, stage T3-T4, vessel invasion, 
lymphatic metastasis, hepatic and peritoneal metastasis, 
the positive expression rates of  VEGF protein were 
significantly higher than those of  the expanding type  
(χ2 = 10.44, P < 0.01), stage T1-T2 (χ2 = 34.19, P < 0.01),  
non-vessel invasion (χ2 = 39.96, P < 0.001), without 
lymphatic metastasis (χ2 = 34.71, P < 0.01), without hepatic 
and peritoneal metastasis (χ2 = 27.25, P < 0.01; χ2 = 52.77,  
P < 0.01). However, no correlation was found between the 
different histological types (Table 1). 

Correlation between MVD and clinicopathological features 
CD34 staining was positive in vascular endothelial cells. 

Figure 1  In situ hybridization of integrin β3 mRNA. A: Negative expression in the 
plasma of non-tumor gastric mucosa (ISH, × 100); B: Positive expression in the 
plasma of gastric adenocarcinoma (ISH, × 200).

A

B
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Most microvessels in cancer tissue and surrounding 
carcinoma were brown or dark brown, strongly stained 
(Figure 3). In patients of  infiltrating type, stage T3-T4, 
vessel invasion, lymphatic metastasis, hepatic and 
peritoneal metastasis, the mean MVD were significantly 
higher than those of  the expanding type (t = 3.92,  

P < 0.001), stage T1-T2 (t = 6.41, P < 0.01), non-vessel 
invasion (t = 7.96, P < 0.01), without lymphatic metastasis 
(t = 8.45, P < 0.001), without hepatic and peritoneal 
metastasis (t = 7.65, P < 0.01; t = 10.46, P < 0.01), 
respectively. But no correlation was found within the 
different histological types (P > 0.05) (Table 1).

Clinicopathological parameters  n Integrin β3 mRNA                                       VEGF                   MVD
             - + - 

+++
    χ2    P  - + - +++   χ2    P     n/mm2    t   P

Growth pattern 118   8.42 < 0.01 10.44 < 0.01   3.92 < 0.01
Expansive   51            32     19 32         19 49.45 ± 21.72
Infiltrative   67            24     43 22         45 64.06 ± 18.76
Histological grade (G)   6.47 < 0.05   3.49    0.062   1.25 > 0.05
   G1 + G2   70            40     30 37         33 55.72 ± 21.56
   G3 + G4   48            16     32 17         31 60.70 ± 20.73
Invasive depth 26.60 < 0.01 34.19 < 0.01   6.41 < 0.01
   T1-T2   47            36     11 37         10 44.42 ± 19.96
   T3-T4   71            20     51 17         54 66.56 ± 17.23
Vessel invasion            32.13 < 0.01 39.96 < 0.01   7.96 < 0.01
   No   29            27       2 28           1 35.68 ± 14.04
   Yes   89            29     60 26         63 64.93 ± 18.07
Lymph node metastasis 31.85 < 0.01 34.71 < 0.01   8.45 < 0.01
   No   34            30       4 30           4 37.60 ± 15.73
   Yes   84            26     58 24         60 66.24 ± 17.24
Distant metastasis < 0.01
   No   63            48     15 50         13 42.81 ± 17.23
   Liver metastasis   20              4     16 20.48a < 0.01a   3         17 27.25a < 0.01a 73.40 ± 8.07   7.65a < 0.01a

   Peritoneal dissemination   35              4     31 34.72b < 0.01b   1         34 52.77b < 0.01b 75.79 ± 9.48 10.46b < 0.01b

Table 1  Correlation of integrin β3 mRNA, VEGF protein and MDV with clinicopathological features

aCompared between patients with liver metastasis and those without distant metastasis. bCompared between patients with peritoneal dissemination and those 
without distant metastasis.

Figure 2  Immunohistochemical staining of VEGF. A: Negative staining in the 
cytoplasm of non-tumor gastric mucosa (EnVision, × 100); B: Positive staining 
in the cytoplasm of gastric adenocarcinoma with greater omentum infiltration 
(EnVision, × 200).

A

B

A

B

Figure 3  Microvessels in gastric cancer. A: Positive staining for CD34 in the 
vascular endothelial cells of gastric adenocarcinoma with MVD < 54.9/mm2 
(EnVision, × 400); B: Positive staining for CD34 in the vascular endothelial cells of 
gastric adenocarcinoma with MVD ≥ 54.9/mm2 (EnVision, × 400).
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Correlation between integrin β3 mRNA, VEGF protein
expression and MVD
The mean MVD (70.45 ± 14.33/mm2) in gastric carcinoma 
specimens with positive expression of  integrin β3 mRNA 
was higher than that of  the negative expression group 
(43.68 ± 18.77/mm2; t = 8.78; P < 0.01). Similarly, the 
mean MVD in gastric carcinoma specimens with positive 
expression of  VEGF (72.96 ± 1.38/mm2) was higher than 
that of  the negative expression group (37.76 ± 1.84/mm2; 
t = 8.78; P < 0.01). In addition, the rate of  VEGF in 
carcinoma tissues with positive expression of  integrin β3 
mRNA was 87.1% (54/62), which was significantly higher 
than that in the integrin β3 mRNA negative expression 
group (21.4%, 12/56; χ2 = 51.48; P < 0.01). Therefore, 
there was a positive expression relationship between 
integrin β3 mRNA, VEGF protein and MVD.

Correlation between integrin β3 mRNA, VEGF, MVD and 
prognosis
The survival time in patients with positive expression of  
integrin β3 mRNA, VEGF protein and MVD ≥ 54.9/mm2  
was significantly shorter than that in patients negative 
for expression of  integrin β3 mRNA (P < 0.05), VEGF 
protein (P < 0.01) and MVD < 54.9/mm2 (P < 0.01). The 
five-year survival rate in patients with positive expression 
of  integrin β3 mRNA, VEGF and MVD ≥ 54.9/mm2 
was significantly lower than that of  patients negative 
for expression of  integrin β3 mRNA (P < 0.05), VEGF 
protein (P < 0.05) and MVD < 54.9/mm2 (P < 0.01) (Figure 
4A-C; Table 2).

DISCUSSION
Integrins are a major family of  cell adhesion molecules, 
which mediate cell-cell adhesion or cell-extracellular 
matrix (ECM) adhesion, and affect signal transduction, 
cell proliferation, differentiation, survival and apoptosis[9]. 
Integrins are essential for invasion and metastasis of  
carcinoma cells. Integrins are transmembrane α β 
heterodimers that require divalent cations for their non-
covalent association. To date, 19α and 8β subunits have 
been identified, and these can combine to form at least 25 
different integrins. The ligands of  integrins are type Ⅰ and 
type Ⅳ collagen, laminin, fibronectin, vitronectin and 
fibrinogen. Integrins can bind to the ligands in ECM 
through the specific amino acid sequence in the ligands, 
which is a tripeptide that features in the integrin-
interaction site of  many ECM proteins, known as arginine-
glycine-aspartic acid (RGD)[10,11]. Different adhesion 

Groups  n Mean survival period (mo)   t   P 5-yr survival rate (%)   χ2    P
Integrin β3 mRNA - 56             38.46 ± 29.20 2.27 < 0.05        71.4 (40/56)   5.60 < 0.05

+ - +++ 62             27.18 ± 24.73        11.3 (7/62)
VEGF - 54             41.70 ± 30.62 3.40 < 0.01        70.4 (16/54)   6.52 < 0.05

+ - +++ 64             24.80 ± 21.78        10.9 (7/64)
MVD (n/mm2)  < 54.90 47             44.70 ± 32.05 3.84 < 0.01        63.8 (17/47) 13.85 < 0.01

≥ 54.90 71             24.48 ± 20.40          8.5 (6/71)

Table 2  Correlation of integrin β3 mRNA, VEGF protein and MVD with survival period

Figure 4  Kaplan-Meier survival curves. A: Survival curves with positive and 
negative integrin β3 mRNA expression in gastric adenocarcinoma (P < 0.05); 
B: Survival curves with positive and negative VEGF expression in gastric 
adenocarcinoma (P < 0.05); C: Survival curves with MVD ≥ 54.90/mm2 and  
< 54.90/mm2 in gastric adenocarcinoma (P < 0.01).
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and lead to proliferation, infiltration and migration of  
tumor cells.

This study also demonstrated the relat ionship 
between integrin β3 mRNA, VEGF protein expression, 
MVD, survival period, and 5-year survival rate of  gastric 
carcinoma patients. The results suggest positive integrin 
mRNA and VEGF protein expression, and MVD ≥ 54.9, 
are indicative of  poor prognosis. 

In summary, integrin β3 and VEGF synergistically 
enhance tumor angiogenesis, and may play crucial roles in 
invasion and metastasis of  gastric carcinoma. Therefore, 
they can be used as biomarkers for diagnosis and prognosis,  
and as novel molecular therapeutic targets[29,30].

 COMMENTS
Background
Metastasis is the most common cause of death and is a major obstacle to the 
successful treatment of gastric cancer. It is necessary to develop effective new 
strategies for the prediction, diagnosis and treatment of gastric cancer metastasis. 
Angiogenesis plays a central role in tumor growth and development.

Research frontiers
Recent investigations have shown that integrin β3 expression is elevated in 
pancreatic and breast cancer. High expression of integrin β3 is positively related to 
cancer cell invasion and metastasis and tumor angiogenesis, but few studies have 
investigated integrin β3 expression in gastric cancer, and the impact of integrin β3 
and VEGF on prognosis. 

Innovations and breakthroughs
Integrin β3 and VEGF expression can synergistically enhance tumor angiogenesis, 
and may play a crucial role in invasion and metastasis of gastric carcinoma.

Applications
This study cannot only define further the mechanism of metastasis of gastric 
cancer, but can also aid the development of tumor angiogenesis inhibitor. Integrin 
β3 and VEGF can be used as prognostic biomarkers and as novel molecular 
therapeutic targets.

Terminology
Angiogenesis is the process that leads to the formation of new blood vessels, and 
it plays a central role in cancer cell survival, local tumor growth, and development 
of distant metastasis.

Peer review
The authors studied integrin β3 mRNA and VEGF protein expression in gastric 
carcinoma by in situ hybridization and immunohistochemistry. They concluded that 
high expression of integrin β3 mRNA and VEGF protein were related to invasion 
and metastasis, and poor prognosis of gastric cancer.
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receptors play separate roles in intercellular homotypic 
or heterotypic adhesion, and the connection between 
cancer cells and ECM[12]. The connection between integrin 
αvβ3 and fibronectin enables membrane type-matrix 
metalloproteinase (MT-MMP) to be activated in human 
endothelial cells, and can also enforce cell invasion[13]. 
Ria et al[14] have found that integrin β3 interacts with 
fibronectin and vitronectin, which play a role in enhancing 
proliferation and migration of  tumor cells.

Hosotani e t a l [15] have indicated integ rin αvβ3 
expression is elevated in pancreatic cancer, and expression 
in patients with lymphatic metastasis is significantly 
higher than that in patients without lymphatic metastasis. 
Furthermore, some studies have shown that, in malignant 
melanoma, ovarian, breast and prostate cancer, the invasive 
ability of  tumor cells with positive integrin β3 expression 
is powerful, which suggests that integrin β3 is closely 
related to cancer invasion and metastasis[16-18].

Our study showed that integrin β3 mRNA expression 
in gastric carcinoma samples was stronger than that in 
non-tumor gastric mucosa, and the positive expression rate 
were significantly higher in the infiltrating type group, poor 
differentiation, perforating serosa layer, lymphoid node 
invasion, hepatic metastasis and peritoneal dissemination. 
This result was consistent with previous studies, and 
showed that increased expression of  integrin β3 in gastric 
cancer influenced the adhesion between tumor cells and 
ECM. Moreover, it may influence signal transduction, 
thereby changing the biological behavior of  tumor cells, 
and enhancing the potency of  infiltration and migration[19]. 

Angiogenesis not only accelerates tumor growth, but 
also increases the opportunity of  tumor cells for invading 
the vasculature, hence it promotes tumor metastasis. As 
the bridge between vascular endothelial cells and ECM, 
integrins play an important role in angiogenesis[8,20]. 
Previous studies have shown that integrin αvβ3 is 
minimally expressed on resting or normal blood vessels, 
but is significantly up-regulated in vascular cells within 
human tumors, and integrin αvβ3 has been implicated in 
tumor-induced angiogenesis[21,22].

CD34 protein, an endothelial-specific marker, was 
immunohistochemically stained, and MVD was determined 
in our study. Statistical analysis showed that β3 integrin 
mRNA expression ratio was positively correlated with 
MVD and VEGF. β3 integrin mRNA, VEGF and MVD 
were all associated with tumor clinicopathological features 
such as growth pattern, depth of  invasion, vessel invasion, 
and lymph node and distant metastasis, which indicates 
that VEGF and β3 integrins contribute greatly to the 
progress of  gastric cancer, by modulating angiogenesis. 
VEGF, the most specific and most potent regulator of  
angiogenesis, can stimulate the activation of  endothelial 
cells, degradation of  the matrix membrane, and migration 
and proliferation of  cells to form new blood vessels[23]. 
Meanwhile, integrins and ECM are necessarily involved 
in proliferation and migration of  endothelial and vascular 
smooth muscle cells[24-26]. Integrin β3 may enable VEGF 
to stimulate endothelial cell proliferation and capillary 
angiogenesis through activating VEGF receptor-2 (Flk-1) 
and VEGF receptor-3 (Flt-4)[27,28]. Therefore, integrin β3 
and VEGF can enhance synergistically tumor angiogenesis, 
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