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Abstract: Angiogenesis induced by vascular endothelial growth factor A (VEGF-A) plays a critical role in tumor growth 
and metastasis. The study aimed to evaluate the expression of VEGF-A in gastric adenocarcinoma and investi-
gate its correlations with tumor clinicopathological features and prognostic significance. VEGF-A expression was 
detected by immunohistochemistry on a tissue microarray containing 90 pairs of human gastric adenocarcinoma 
and paracancerous tissues. Levels of VEGF-A in gastric adenocarcinoma were significantly higher than those in 
paracancerous tissues (P=0.018). Furthermore, the result was coincident with that of human gastric adenocarci-
noma xenografts in nude-mice (P<0.01). In addition, the VEGF-A expression was positive correlation with TNM stage 
(P=0.047), tumor size (P=0.028), positive lymph nodes (P=0.002) and lymphovascular invasion (P=0.001). Finally, 
Kaplan-Meier survival analysis showed that VEGF-A up-regulation indicated a poor prognosis for overall survival 
(P=0.039). In conclusions, VEGF-A may be used as a biomarker for evaluating both the biological behavior of tumor 
and the prognosis in patients with gastric adenocarcinoma.
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Introduction

Gastric cancer is the fifth most common can- 
cer and the third leading cause of cancer-relat-
ed deaths globally. An estimated 951,600 new 
gastric cancer cases and 723,100 deaths oc- 
curred in 2012 worldwide [1]. The incidence  
of gastric cancer is generally about twice as 
high in men as in women and varies tremen-
dously throughout the world. The highest inci-
dence countries are in Eastern Asia (particu-
larly in Korea, Japan, and China) [2, 3]. Gastric 
adenocarcinoma accounts for the vast ma- 
jority of gastric cancer cases. Gastric adeno- 
carcinoma clinically has no characteristic mani-
festations in early stage and further progress 
to weight loss, epigastric pain or discomfort, 
anorexia, vomiting and gastrointestinal bleed-
ing. When these symptoms emerge, the cancer 
has often reached an advanced stage and  
may also have regional invasion or metasta- 

sis. Despite the development in diagnosis and 
treatment, advanced gastric adenocarcinoma 
carries a highly unfavorable prognosis, with a 
5-year survival rate of about 20%-30% [4]. 
Therefore, identification of novel biomarkers  
to estimate prognosis early and correctly may 
provide useful information for clinical mana- 
gement.

Angiogenesis, the formation of new blood ves-
sels from pre-existing vessels, plays an essen-
tial role in invasion and metastasis of various 
malignancies including gastric adenocarcino-
ma [5-7]. It is the result of an intricate balance 
between pro-angiogenic and anti-angiogenic 
factors. Of the numerous pro-angiogenic fac-
tors discovered thus far, vascular endothelial 
growth factor (VEGF) is one of the most impor-
tant growth factors related to tumor angiogen-
esis [8]. The VEGF family is comprised of sev-
eral secreted proteins, including VEGF-A, -B, -C, 
-D and placental growth factor [9]. Among th- 
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Table 1. Clinicopathological characteristics of 
90 gastric adenocarcinoma cases

Characteristics Number of 
cases

Percentage 
(%)

Total 90 100
    Average years 62.1±12.3
        <65 52 57.8
        ≥65 38 42.2
    Gender
        Male 53 58.9
        Female 37 41.1
    Histologic grade 
        I~II 21 23.3
        II~III 69 76.7
    TNM stage
        I 9 10
        II 27 30
        III 50 55.6
        IV 4 4.4
    Tumor size (cm) 5.7±2.7
        <5 cm 35 38.9
        ≥5 cm 55 61.1
    Lymphovascular Invasion 29 32.2
    Positive lymph nodes 67 74.4
    Distant metastasis 4 4.4

em, VEGF-A is a dimeric glycoprotein which 
plays a significant role in promoting blood ves-
sel dilation and permeability. And VEGF-A is 
considered to be the main and dominant induc-
er to the growth of new blood vessels. Recently, 
increasing evidences suggest up-regulation of 
VEGF-A in several malignant solid tumors tis-
sues, as well as the elevation of circulating lev-
els of VEGF-A in patients with cancer [10-15].

The impact of VEGF-A expression on prognosis 
has been demonstrated by meta-analysis in 
hepatocellular carcinoma [11] and pancreatic 
cancer [12]. Many studies have evaluated 
whether up-regulation of VEGF-A may be a prog-
nostic factor for survival in patients with gastric 
cancer. However, the results of the studies are 
inconclusive and no consensus has been 
achieved [16]. In the present study, we detect-
ed the expression of VEGF-A in both human 
gastric adenocarcinoma tissues and in situ 
xenografts tissues of human gastric carcinoma 
cells in nude mice, as well as their corres- 
ponding paracancerous tissues, respectively. 
Additionally, we analyzed whether the expres-

sion of VEGF-A is correlated with tumor clinico-
pathological features and clinical outcome in 
patients with gastric adenocarcinoma.

Materials and methods

The animal experiment was approved by the 
Animal Use and Care Committee of Sichuan 
University and conducted according to the 
regulations.

Tissue microarray (TMA)

Gastric adenocarcinoma TMA implied in the 
present study was obtained from National 
Engineering Center for Biochip at Shanghai 
(Shanghai, China). TMA samples include a total 
of 90 gastric adenocarcinoma patients who 
had undergone a complete surgical resection 
of the gastric tumor between August 2008  
and March 2009. Written informed consent 
forms for the tissue specimens were received 
from all participants, and the study was ap- 
proved by the ethical committee of biobank 
center related hospitals. Detailed clinical and 
pathologic information of these 90 patients 
was collected (Table 1). All patients were fol-
lowed up from the date of surgery until April 
2014.

Cell culture and treatments

Human gastric adenocarcinoma cell SGC7901 
was obtained from the Type Culture Collection 
of the Chinese Academy of Sciences (Shanghai, 
China). Cells were cultured in RPMI-1640 (Hy- 
Clone, Logan, UT, USA) supplemented with 10% 
fetal bovine serum (Gibco, Logan, UT, USA)  
and 100 U/ml penicillin, 100 U/ml streptomy- 
cin (HyClone, Logan, UT, USA) in a humidified 
atmosphere at 37°C with 5% CO2 in air. SG- 
C7901 cells were trypsinized and resuspended 
in normal saline when cell density reached 
80~90%.

Human gastric cancer xenografts

Ten healthy male BAL b/c nude mice, weighting 
18-23 g, were obtained from the Experimental 
Animal Center of Sichuan University (Chengdu, 
China). The mice were kept under 12 hours’ 
light-dark cycles at a constant temperature and 
humidity with free access to chow and water. 
Briefly, 1 × 107 of SGC7901 cells were subcuta-
neously injected into the left flank of 2 nude 
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Figure 1. Expression of VEGF-A in human gastric adenocarcinoma tissues 
and paracancerous tissues. A. Shows the immunohistochemical staining 
of VEGF-A expression in human gastric adenocarcinoma tissues and para-
cancerous tissues (all images were taken at 400 × magnification). B and C. 
Reveal the differences in expression levels of VEGF-A in tumor tissues and 
paracancerous tissues based on the histological score.

mice. Tumors were aseptically dissected and 
mechanically minced after 4 weeks. A piece of 
tumor (~2 mm3) was transplanted under gastric 
serosa in each of the rest 8 nude mice and all 
mice were sacrificed under anesthesia after 4 
weeks. Tumor tissues and corresponding para-
cancerous tissues were fixed in 4% neutral 
buffered paraformaldehyde for histopathologic 
and immunohistochemical examinations.

Immunohistochemistry (IHC) and scoring

For IHC, sections of TMA and gastric cancer 
xenografts were deparaffinized in xylene, rehy-
drated with graded ethanol dilutions. Antigen 
retrieval was performed at high temperature 
under high pressure in 10 mM sodium citrate 
buffer for 10 minutes. After blocking of endog-
enous peroxidase activity by H2O2, the sec- 
tions were incubated with rabbit anti-VEGF-A 
(1:100, Santa Cruz Biotechnology, Santa Cruz, 
CA, USA) overnight at 4°C followed by incuba-
tion with horseradish peroxidase (HRP)-con- 
jugated secondary antibody kits (ZSGB Bio, 
Beijing, China) for 30 minutes at room tempera-
ture. Finally, sections were stained with a solu-

was considered to be low expression of VEGF-A, 
whereas a total score of 5-9 was defined as 
high expression.

Statistical analysis

All data were expressed as mean ± standard 
deviation and were analyzed by SPSS 13.0 soft-
ware (SPSS, Chicago, IL, USA). Quantitative 
data were analyzed by using one-way ANOVA. 
The X2 test was applied to analyze the dif- 
ference of clinicopathological parameters be- 
tween low and high VEGF expression groups. 
Survival curves were evaluated by using the 
Kaplan-Meier method and compared by the 
log-rank test. A value of P<0.05 was conside- 
red significant.

Results

Patient characteristics

The clinicopathological characteristics of the 
patients enrolled in this study were summa-
rized in Table 1. The TMA consisted of 90 pa- 
tients with a diagnosis of gastric adenocarci-

tion of 3,3’-diaminobenzidine 
tetrahydrochloride and coun-
terstained with hematoxylin. Ne- 
gative control slides in which 
the primary antibodies were 
omitted were included in all as- 
says.

Each slide was assessed inde-
pendently by two pathologists 
who were blinded to clinical 
and pathologic information. 
The expression of VEGF-A in 
tissues was scored semi-quan-
titatively on the basis of posi-
tive percentage and intensity 
of stained preparation as de- 
scribed previously (staining in- 
dex = positive × intensity sco- 
re) [17]. The positive percent-
age of stained tumor cells was 
scored as: 0, no staining; 1, 
<20%; 2, 20-75%; 3, >75%. 
The intensity of stained tumor 
cells was graded on the follow-
ing scale: 0, negative; 1, weak; 
2, moderate; 3, strong stain-
ing. Based on the staining 
index, a final total score of 0-4 
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Figure 2. Expression of VEGF-A in human gastric adenocarcinoma xe-
nografts tissues and paracancerous tissues. A. Shows the immunohisto-
chemical staining of VEGF-A expression in human gastric adenocarcinoma 
xenografts tissues and paracancerous tissues in nude mice (400 × magni-
fication). B. Reveals the differences in expression levels of VEGF-A in xeno-
grafts tissues and paracancerous tissues based on the histological score.

noma, among who included 53 males (58.9%) 
and 37 females (41.1%) with an average age of 
62.1±12.3 years-old. In evaluating tumor his- 
tologic differentiation, 21 cases (23.3%) were 
in grade I~II, while the remaining 69 cases 
(76.7%) were in grade II~III. According to the 
TNM staging system, 9 (10%) cases were in 
stage I, 27 (30%) in stage II, 50 (55.6%) in stage 
III, and 4 (4.4%) in stage IV. The average tumor 
size was 5.7 cm, with 35 (38.9%) tumors <5 cm 
and 55 (61.1%) tumors ≥5 cm. Positive lymph 
nodes and distant metastasis were 67 (74.4%) 
and 4 (4.4%) of 90 patients, respectively. 
Lymphovascular invasion was observed in 29 
cases (32.2%).

Expression of VEGF-A in gastric adenocarci-
noma tissues and corresponding paracancer-
ous tissues

In TMA slide, the positive staining of VEGF-A 
was mainly located to the cytoplasm in both 
tumor and paracancerous tissues (Figure 1A). 
Base on the staining index described above, 
the expression of VEGF-A in gastric adenocarci-
noma tissues was significantly higher in 53 
cases, equivalent in 8 cases, and lower in 29 
cases, compared with that in corresponding 
paracancerous tissues (Figure 1B). There was 

Among 90 gastric adenocarcinoma patients, 
41 (45.6%) cases were identified as low VEGF-A 
expression group, and 49 (54.4%) cases as 
high VEGF-A expression group. The relation-
ships between the expression of VEGF-A and 
clinicopathological features were analyzed 
(Table 2). A significantly positive correlation 
was observed between VEGF-A expression and 
TNM stage (P=0.047, Figure 3 and Table 2). 
The rate of patients with TNM stage I~II was 
higher in low VEGF-A expression group (51.2%) 
than that in high VEGF-A expression group 
(30.6%). Whereas, the rate of patients with 
TNM stage III~IV was lower in low VEGF-A 
expression group than that in high VEGF-A 
expression group (48.8% vs. 69.4%). Besides, 
the expression of VEGF-A was significantly 
associated with tumor size (P=0.028). The rate 
of patients with tumor size ≥5 cm was lower in 
low VEGF-A expression group compared with 
that in high VEGF-A expression group (48.8% 
vs. 71.4%). Furthermore, high VEGF-A expres-
sion increased the risk of positive lymph nodes 
(P=0.002) and lymphovascular invasion 
(P=0.001). However, the results showed that 
there was no significant correlation between 
the expression of VEGF-A and other clinicopath-
ological factors, including age, gender, histo-

a significant difference in the 
expression of VEGF-A between 
human gastric adenocarcino-
ma tissues and paracancerous 
tissues (5.0±2.1 vs. 4.3±1.9; 
P=0.018, Figure 1C). Further- 
more, the result was coinci-
dent with that of human gastric 
adenocarcinoma xenografts in 
node mice, which suggested  
that stronger expression of VE- 
GF-A was observed in xeno-
grafts tissues, compared with 
that in paracancerous tissues 
(6.1±1.9 vs. 4.1±1.2; P<0.01, 
Figure 2). Overall, the levels of 
VEGF-A were higher in gastric 
adenocarcinoma tissues than 
those in paracancerous tis- 
sues.

Correlation between the 
VEGF-A expression and the 
clinicopathological features in 
gastric adenocarcinoma
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Table 2. Relationships between VEGF-A expression 
and clinicopathological characteristics in 90 gastric 
adenocarcinoma cases

Characteristics
VEGF expression (%) p 

valueLow High
Total 41 49
    Average years 62.8±12.3 61.6±12.4
        <65 22 (53.7) 30 (61.2) 0.469
        ≥65 19 (46.3) 19 (38.8)
    Gender
        Male 24 (58.5) 29 (59.2) 0.95
        Female 17 (41.5) 20 (40.8)
    Histologic grade 
        I~II 12 (29.3) 9(18.4) 0.223
        II~III 29 (70.7) 40 (81.6)
    TNM stage
        I-II 21 (51.2) 15 (30.6) 0.047
        III-IV 20 (48.8) 34 (69.4)
    Tumor size (cm) 4.8±1.7 6.5±3.1
        <5 cm 21 (51.2) 14 (28.6) 0.028
        ≥5 cm 20 (48.8) 35 (71.4)
    Lymphovascular Invasion 6 (14.6) 23 (46.9) 0.001
    Positive lymph nodes 24 (58.5) 43 (87.8) 0.002
    Distant metastasis 2 (4.9) 2 (4.1) 0.855

logic grade, and distant metastasis (P>0.05, 
Table 2).

Survival analysis

The survival analysis showed that the 5-years 
survival rate of patients was 36.7%. The medi-
an overall survival was 24 months. The median 
survival time was 53 months for low VEGF-A 
expression group and 21 months for high 
VEGF-A expression group. In addition, the 5- 
year survival rates were 54.1% and 24.5% in 
patients with low-expression and high-expres-
sion of VEGF-A, respectively. A significant asso-
ciation between VEGF-A expression and tumor 
prognosis in human gastric adenocarcinoma 
had been established. Patients with low expres-
sion levels of VEGF-A achieved better survival 
than patients with high expression levels of 
VEGF-A (P=0.039, Figure 4).

Discussion

Angiogenesis, which induced by VEGF and its 
receptor (VEGFR), plays a critical role in tumor 
growth and metastasis. VEGF-A, also referred 

to as VEGF, is the best characterized and 
the most frequently studied subtype of the 
VEGF family during the past decades [18]. 
Up-expression of VEGF-A has been ob- 
served in numerous solid tumor tissues [8], 
including gastric adenocarcinoma. Shi [19] 
conducted a retrospective study of 232 
gastric adenocarcinoma tissues and 60 
noncancerous tissues, which showed that 
compared with paired noncancerous tis-
sues, expression of VEGF-A and microves-
sel density in carcinoma tissues were obvi-
ously increased. Yang [14] reported VEGF-A 
expression in gastric carcinoma tissues 
was significantly higher than that in normal 
gastric mucosal tissues with distance >5 
cm from the tumor margin. Furthermore, 
recent researches [15, 20] have suggested 
the VEGF-A levels in serum were signifi-
cantly increased preoperatively in gastric 
cancer patients, compared with apparently 
healthy volunteers. In this study, we detect-
ed the expression of VEGF-A by IHC method 
in gastric adenocarcinoma tissues and 
paracancerous tissues in both TMA and 
nude-mice xenografts. According to the 
semi-quantitatively method, the levels of 
VEGF-A expression in adenocarcinoma tis-

sues were higher than that in paracancerous 
tissues, indicating the correlation between 
VEGF-A expression and tumor biological behav-
ior in gastric adenocarcinoma.

In the past few years, efforts have been made 
to investigate the correlation of VEGF-A expres-
sion with clinicopathological features in gastric 
adenocarcinoma. Yang [14] found expression 
rates for VEGF-A were significantly positively 
related to the TNM stage, tumor size, depth of 
invasion, lymph node metastasis and patho-
logical stage. One study [21] showed VEGF-A 
positivity was much more prevalent for patients 
with vessel invasion, hepatic, and peritoneal 
metastasis. However, Liu’s study [22] suggest-
ed no correlation between VEGF-A expression 
and tumor size, T stage, or vascular invasion in 
patients with pN0 gastric carcinoma. In the 
present study, we examined 90 gastric adeno-
carcinoma samples for the expression of 
VEGF-A by IHC. In all, 41 (45.6%) cases showed 
low VEGF-A expression and 49 (54.4%) cases 
showed high VEGF-A expression. Further analy-
ses revealed that VEGF-A expression was relat-
ed to clinicopathological features of gastric 
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Figure 3. Correlation between the VEGF-A expression and the TNM stage 
in human gastric adenocarcinoma. Representing images for HE and IHC 
of VEGF-A in gastric adenocarcinoma patients with TNM stage II and III are 
shown.

The value of VEGF-A expression as an indepen-
dent prognostic indicator has been evaluated 
by numerous studies [26-29]. However, these 
studies have shown conflicting and opposite 
results and no consensus has been reached. 
Recently, an extensive meta-analysis [16] has 
been published showing VEGF-A up-expression 
indicates a poor prognosis for overall survival 
and disease-free survival in patients with gas-
tric carcinoma. In this study, we also confirmed 
a significant prognostic value of VEGF-A in gas-
tric adenocarcinoma using a Kaplan-Meier sur-
vival analysis. Patients with low expression lev-
els of VEGF-A achieved better survival than 
patients with high expression levels of VEGF-A. 
The current TNM staging system has some 
restrictions for the evaluation of the prognosis 
in gastric carcinoma patients with identical clin-
ical or pathological stages may differ widely in 
their clinical evolution. Thus, detecting VE- 
GF-A expression in gastric carcinoma tissues 
might be helpful for predicting patient progno-
sis. Inhibition of VEGF-A pathway can effectively 
suppress tumor angiogenesis in vitro and in 
vivo [30]. Monoclonal antibodies or receptor 
tyrosine kinase inhibitors with anti-VEGF-A 
activity are in clinical trials or are currently 
approved by the United States Food and Dr- 
ug Administration. The above medicines have 
been prove to improved progression-free or 

adenocarcinoma including TNM stage, tumor 
size, positive lymph nodes and lymphovascular 
invasion. High expression of VEGF-A was ac- 
companied by elevated TNM stage and tumor 
size, as well as increased the risk of lympho- 
vascular invasion and positive lymph nodes. 
These results suggest that VEGF-A plays an 
essential role in tumor growth, regional inva-
sion and lymphatic metastasis.

VEGF-A and its receptors regulate tumor bio-
logical behavior through angiogenesis pathway 
[23]. VEGF-A exerts its effects primarily throu- 
gh transmembrane tyrosine kinase receptors, 
VEGFR-1 and VEGFR-2. When binding to the 
extracellular domain of the receptor, a cascade 
of downstream proteins is activated after phos-
phorylation of the intracellular receptor tyro-
sine kinases. This process stimulates neovas-
cularisation by promoting endothelial cell pro- 
liferation and migration. The newborn vessels 
can supply nutrition oxygen for tumors and  
discharge the metabolic wastes, which stimu-
late the growth of tumor and provide vascular 
pathway for tumor metastasis. The biological 
processes provide the reliable basis for the 
explanation of the relationship between VEGF-A 
expression and tumor size as well as vascular 
invasion and metastasis. The lack of correla-
tion between VEGF-A expression and distant 

metastasis in this study may 
attribute to the limited distant 
metastasis cases (4 cases). 
Lymph node metastasis often 
represents the first step in the 
metastasis process of gastric 
carcinoma. The exact mecha-
nism that VEGF-A promotes 
lymph node metastasis has 
still not been elucidated, but 
it’s conceivable that VEGF-A 
may induce angiogenesis in 
the lymph nodes, improve in- 
terstitial fluid pressure by in- 
creasing vascular permeability 
[24] and induce the synthesis 
of VEGF-C [25], which consid-
ered to be the driver for lym-
phangiogenesis. The charac-
teristics of VEGF-A make it an 
ideal biomarker for evaluating 
the biological behavior in gas-
tric adenocarcinoma.
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mation assessed each slide independently by 
using a semi-quantitatively scoring system.

In conclusion, the present study showed that 
VEGF-A expression was significantly up-regulat-
ed in gastric adenocarcinoma tissues. Mean- 
while, the expression of VEGF-A was intimately 
relevant to clinicopathological features includ-
ing TNM stage, tumor size, positive lymph 
nodes and lymphovascular invasion. This study 
also indicated that the VEGF-A up-expression 
was significantly correlated with poor survival. 
Therefore, VEGF-A may be of use as a biomark-
er for evaluating both the biological behavior of 
tumor and the prognosis in patients with gas-
tric adenocarcinoma.
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