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The VEGFR-2 protein and the VEGFR-2 rs1870377 A>T genetic polymorphism are
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ABSTRACT
Objective: Angiogenesis is one of the key processes in the development of malignant tumors. The
vascular endothelial growth factor (VEGF) and VEGF receptor-2 (VEGFR-2) signaling pathway regulates
branching angiogenesis in cancer. In this study, we analyzed the associations of VEGF/VEGFR-2 proteins
and VEGFR-2 genetic variations with the prognosis of gastric cancer (GC).
Method: We collected the clinical information of patients with GC and extracted genomic DNA from
paraffin-embedded tissues. Immunohistochemical methods were used to detect the expression of VEGF
and VEGFR-2 in GC tissues. Four single nucleotide polymorphisms of VEGFR-2 were detected by the
TaqMan assay. The Kaplan-Meier method and Cox regression model were applied to analyze the
associations between clinicopathological characteristics, VEGFR-2 polymorphisms and GC prognosis.
Results: A total of 256 cases of GC were included in our study. VEGFR-2 (+) and VEGFR-2 (++/+++)
protein expression levels were detected in 83 and 135 cases, respectively. High expression of the VEGFR-
2 protein was associated with the poor prognosis of GC (log-rank test P = 0.026). No statistical
significance was observed for the association between VEGF and the prognosis of GC. The VEGFR-2
rs1870377 A > T genetic polymorphism was discovered to be associated with the prognosis of GC (AA
vs. AT, HR = 1.69, 95% CI = 1.06–2.68, P = 0.027).
Conclusion: Our study suggested that the high expression of VEGFR-2, as well as the VEGFR-2 rs1870377
A > T genetic polymorphism, may be prognostic markers for GC.

ARTICLE HISTORY
Received 13 April 2018
Revised 30 September 2018
Accepted 15 October 2018

KEYWORDS
VEGF/VEGFR-2; gastric
cancer; prognosis; VEGFR-2
genetic polymorphism

Introduction

Although the worldwide incidence of GC has declined stea-
dily, the incidence of GC still ranks 2nd and the mortality rate
of GC ranks 3rd among malignant tumors in China.1 Due to
the difficulty in making an early diagnosis and the atypical
symptoms in the early stage, most patients are diagnosed with
advanced GC, and the 5-year survival rate is only 20–30%.2

With the development ofmolecular biology and clinical treat-
ment with precision therapy, researchers have been exploring
new prognostic markers of GC at the gene level. In malignant
tumors, angiogenesis is the key to the survival of cancer cells and
is closely related to the development of tumors. Rapidly growing
tumor cells lack oxygen, so tumor cells secrete a variety of
vascular-related growth factors to promote angiogenesis in
order to maintain tumor growth.3 In this process, vascular
endothelial growth factor (VEGF) is considered the key driving
factor. VEGF combines with its receptors, especially vascular
endothelial growth factor receptor-2 (VEGFR-2), to activate its
downstream signal transduction pathway and then promote
angiogenesis in the malignant tumor.4 VEGFR-2 is a tyrosine
kinase receptor that can combine with VEGF via its extracellular
domain. The dimerization and phosphorylation of VEGFR-2
lead to the activation of intracellular signaling pathways,

including the mitogen-activated protein kinase (MAPK), phos-
phoinositide 3-kinase (PI3K) and focal adhesion kinase (FAK)
pathways,5 thus regulating the activity of vascular endothelial
cells.

Researchers have reported that VEGFR-2 plays a key role in
various malignant tumors, including breast cancer, colorectal
cancer, and lung cancer.6,7 Previous studies indicated that the
expression of VEGF/VEGFR-2 is associated with the prognosis
of GC.8 The expression of the VEGFR-2 protein is influenced
by single nucleotide polymorphisms (SNPs) in the VEGFR-2
gene. Herein, we explored the association between VEGFR-2
and the prognosis of GC and investigated the possible mechan-
ism underlying the association at the SNP level.

Materials and methods

Patients

A total of 271 patients who underwent gastrectomy at
Xinhua Hospital, School of Medicine, Shanghai Jiao
Tong University from July 2009 to July 2014 with patho-
logically confirmed primary GC were investigated. The
exclusion criteria were as follows: (1) recurrent cases; (2)
multiple foci; (3) treatment with chemotherapy or
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radiotherapy before gastrectomy; and (4) incomplete
pathological data. The data were retrieved from medical
charts and pathological records. The follow-up data were
obtained from outpatient visits, phone calls and clinical
databases. The median follow-up was 3.59 years. Finally,
256 GC patients were enrolled in the analysis. We
excluded 15 patients who were lost to follow-up, and the
dropout rate was 5.5%. We defined censoring as loss to
follow-up or the nonoccurrence of the endpoint event in
the summarized data. The survival time was defined as the
time from the date of surgical operation to the date of the
last contact or death from any cause. Written informed
consent was obtained from all patients, and the study was
approved by the Ethical Committee of Xinhua Hospital.

Immunohistochemical staining

Formalin-fixed, paraffin-embedded tissue specimens were
cut into 7-μm-thick sections. The VEGF and VEGFR-2
proteins in the primary lesions were detected by immuno-
histochemistry. All primary antibodies were purchased
from Abcam (Cambridge, UK). The mouse and rabbit
monoclonal antibodies were purchased from Sener
Biotechnology (Shanghai, China). The positive controls
were obtained from known positive cases of GC, while
the negative controls were subjected to the same proce-
dure except that the primary antibody was replaced
by PBS.

Two pathologists evaluated the slides independently. The
immunoreactivity of VEGF was evaluated as follows: a product
of the intensity and percentage of positive cells of > 6 was defined
as positive. The scores for positive immunohistochemical stain-
ing were 0–20%, 1; 21%-40%, 2; 41–60%, 3; 61–80, 4; and
80–100%, 5. The color strength score was defined as follows:
no coloration, 0; light brown (weak), 1; brown (medium), 2; and
dark brown (strong), 3.9 The immunoreactivity of VEGFR-2 was
evaluated as follows: a product of intensity and the percentage of
positive cells of ≤ 1 was defined as negative, 2–4 was defined as
weakly positive, and ≥ 5 was defined as strongly positive. The
scores for positive immunohistochemical staining were < 5%, 0;
6–25%, 1; 26–50%, 2; 51–75, 3; and 76–100%, 4. The color
strength score was defined as follows: no coloration, 0; light
brown (weak), 1; brown (medium), 2; dark brown (strong), 3.10

DNA extraction and taqman SNP genotyping

Genomic DNA was extracted from the paraffin-embedded
tissues using the TIANamp FFPE DNA kit (TIANGEN,
Beijing, China). The rs1870377, rs2071559, rs2305948 and
rs7667298 polymorphisms were genotyped by the TaqMan
assay with an ABI7900HT Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA). The genotypes were inde-
pendently analyzed by two persons (Xueru Zhu and Meiling
Zhu) using SDS Software 2.4 (Applied Biosystems, Foster
City, CA, USA). For quality control, two random samples
and two blank controls that used double distilled water
instead of DNA were repeated, and the results were 100%
concordant.

Statistics

The patients’ characteristics were analyzed using the chi-
square test for categorical variables. The Kaplan-Meier
method was used to calculate the overall survival (OS) and
3-year survival rates, and the log-rank test was used to com-
pare the differences between the survival curves. Independent
prognostic factors were analyzed by multivariate survival ana-
lysis using the Cox proportional hazards model. Factors for
which P < 0.1 in univariate analysis were included in multi-
variate analysis. The level of significance was set at P < 0.05.
Statistical analyses were conducted and graphics were gener-
ated using the SPSS 21.0 statistical package.

Results

Characteristics and clinical features of the study
population

A total of 256 gastric cancer patients were included in the study;
165weremales and 91were females. Themedian agewas 63 years,
and among them, 105 were over the age of 65 and 151 were under
the age of 65. Of all patients, 31 patients smoked and 75 patients
used alcohol. There were 75 patients with tumors larger than 4 cm
in diameter and 181 with tumors smaller than or equal to 4 cm.
According to the classification of differentiation, 88 caseswerewell
or moderately differentiated, and 168 were poorly differentiated.
Regarding the depth of tumor invasion, 123 patients were T1 and
133 were T2/T3/T4. Regarding the tumor location, the number of
tumors in the cardia and in non-cardia sites was 18 and 238,
respectively. There were 175 patients with stage I/II disease and
81 patients with stage III/IV disease; only 2 patients had stage IV
disease. Of the patients, 39.45% (101/256) received adjuvant che-
motherapy after surgery (Table 1).

Association between VEGFR-2 SNPs and the prognosis of
GC patients

The Hardy-Weinberg equilibrium (HWE) of the four genotypes
was analyzed (Supplement Table 1). The analysis of the associa-
tions between the genotypes and the prognosis of GC patients
showed that the rs1870377 polymorphismwas associated with the
prognosis of GC patients. ThemedianOS of patients with the AA,
TT and AT genotypes was 2.93, 4.78 and 4.27 years, respectively
(log-rank P = 0.002) (Figure 1). Univariate analysis showed that
the factors of tumor size, differentiation, depth, TNM stage and
smoking were associated with the prognosis of GC (p < 0.05). No
factors had a P value between 0.05 and 0.1. Further Cox regression
showed that the rs1870377 genetic polymorphism was an inde-
pendent prognostic factor in patients with resected GC (AA vs.
AT, HR = 1.69, 95% CI = 1.06–2.68, P = 0.027), while no associa-
tions were significant for the other three SNPs (Table 2).

Expression status of VEGF/VEGFR-2 in GC tissues and
associations with VEGFR-2 SNPs

Of the 256 GC patients, 45 were VEGF (+) (17.58%) and 211
were VEGF (-) (82.42%), while 38 were VEGFR-2 (-)
(14.85%), 83 were VEGFR-2 (+) (32.42%), and 135 were
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VEGFR-2 (++/+++) (52.73%). We did not observe a statisti-
cally significant difference between the different alleles of the
four VEGFR-2 genotypes and VEGFR-2 protein expression
(Supplement Table 2). The results of the immunohistochem-
ical staining are shown in Figure 2–3 and Table 1.

Associations between VEGF and VEGFR-2 protein
expression and the clinical characteristics of GC patients

Only two patients were in stage IV, and we excluded their
data and included 254 GC patients in the further survival
analysis. The chi-square test showed that VEGF protein
expression was high in males and patients with a tumor
diameter of ≤ 4 cm; the P values were 0.014 and 0.001,
respectively. However, there were associations between a
tumor diameter greater than 4 cm, poor differentiation, dee-
per invasion (T2/T3/T4), stage III disease and the high

expression of VEGFR-2; the P values were 0.001, 0.001,
< 0.001 and 0.001, respectively (Table 3).

Association between VEGF, VEGFR-2 protein expression
and the prognosis of GC patients

Among the 254 stage I-III GC patients, an analysis of the
associations between VEGF and VEGFR-2 protein expres-
sion in GC tissue and the OS of GC patients showed that
the OS of VEGFR-2 positive patients was poorer than that
of patients whose VEGFR-2 expression was negative. The
3-year survival rate of VEGFR-2-negative patients was
92.1%, while the 3-year survival rates for weakly positive
and strongly positive patients were 80.15 and 69.6%,
respectively (log-rank P = 0.026) (Figure 4). No statistical
significance was observed between VEGF expression and
the OS of GC patients (Table 4).

Table 1. Clinicopathological characteristics of these GC patients.

Characteristics N = 256 (NO. of death a) 100% Characteristics N = 256 (NO. of death a) 100%

Sex Depth of invasion
Male 165 (48) 64.45% T1 123 (11) 48.05%
Female 91 (28) 35.55% T2/T3/T4 133 (65) 51.95%
Age (year) LNM
> 65 105 (40) 41.02% N0 135 (17) 52.7%
≤ 65 151 (36) 58.98% N1/N2/N3 121 (59) 47.3%
Smoking status Distant metastasis
Yes 69 (17) 26.95% M0 254 (72) 99.2%
No 187 (59) 73.05% M1 2 (2) 0.8%
Drinking status TNM stage
Yes 31 (10) 12.11% I/II 175 (27) 68.4%
No 225 (66) 87.89% III/IV 81 (49) 31.6%
Tumor size (cm) Chemotherapy
> 4 75 (41) 29.30% Yes 101 (36) 39.45%
≤ 4 181 (35) 70.70% No 155 (40) 60.55%
Differentiation VEGF
Well/Moderate 88 (18) 34.38% VEGF (+) 45 (8) 17.58%
poor 168 (58) 65.62% VEGF (-) 211 (68) 82.42%
Location VEGFR-2
Cardia 18 (6) 7.03% VEGFR-2 (++/+++) 135 (51) 52.73%
Non-cardia 238 (70) 92.97% VEGFR-2 (+) 83 (20) 32.42%

VEGFR-2 (-) 38 (5) 14.85%
a Number of deaths were shown.
GC, gastric cancer; LNM, lymph node metastasis; VEGF, vascular endothelial growth factor;
VEGFR-2, vascular endothelial growth factor. receptor −2.

Figure 1. Kaplan-Meier survival curves of gastric cancer by VEGFR-2 rs1870377 A > T genetic polymorphism.
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Association between the clinical characteristics and the
prognosis of GC patients

Analysis indicated that age, tumor diameter, differentiation,
depth of invasion, LNM and TNM stage were related to the
prognosis of GC. GC patients who were over 65 years of age or
had a tumor diameter greater than 4 cm, poorly differentiated
tumors, infiltration to additional mucosa, lymphatic metastasis
or stage III disease had a poor prognosis; the P values were
0.021, < 0.001, 0.021, < 0.001, < 0.001 and < 0.001, respectively.
The Cox regression analysis showed that the depth of invasion
was the independent prognostic factor for GC patients.

Discussion

In this study, we analyzed the associations of VEGF and
VEGFR-2 protein expression and VEGFR-2 SNPs with the
prognosis of patients with resected GC. Because only two
patients were stage IV, we excluded their data to better
guide clinical practice. We found that the VEGFR-2
rs1870877 A > T genetic polymorphism was associated with
OS in GC, and patients with the AA genotype had a poorer
prognosis than those with the AT genotype. We discovered

that a higher expression of VEGFR-2 conferred a poorer
prognosis for GC patients. In addition, we found that the
invasion depth was an independent prognostic factor for GC
patients.

The overall prognosis of GC patients is poor, and the 5-year
survival rate is limited. The main causes of failure in the treat-
ment of GC are tumor invasion andmetastasis, which are closely
related to angiogenesis. Angiogenesis can provide nutrition and
metabolites for tumor cells. In addition, it can provide advanta-
geous conditions for hematogenous and distant metastasis.11

The VEGF family includes VEGF-A, VEGF-B, VEGF-C,
VEGF-D and placental growth factor (PIGF), which mainly
regulate neovascularization and increase vascular permeability
and lymph-angiogenesis. In terms of these family members, the
VEGF/VEGFR-2 signal pathway is the key to mediating tumor
angiogenesis. Currently, VEGF is generally regarded as VEGFA,
which is an endothelial cell-specific mitogen that stimulates
angiogenesis under physiological and pathological conditions.12

In GC, the VEGF signal is regulated by tyrosine kinase, and
VEGFR-2 is the main tyrosine kinase receptor.6 The combina-
tion of VEGF and VEGFR-2 leads to the activation of VEGFR-2,
thereby stimulating the proliferation of vascular endothelial cells
and chemotaxis.13 A previous study showed that inhibiting the

Figure 2. Immunohistochemistry results of VEGFR-2.
A1. Negative expression of VEGFR-2 in gastric cancer tissue. A2. Positive expression of VEGFR-2 in gastric cancer tissue.

Figure 3. Immunohistochemistry results of VEGF.
B1. Positive expression of VEGF in gastric cancer tissue. B2. Negative expression of VEGF in gastric cancer tissue.
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binding of VEGF to VEGFR-2 will block neovascularization and
inhibit tumor growth, invasion and distant metastasis.14 The
micro-vessel density is regarded as the indicator of the degree
of tumor angiogenesis, and a previous study found that the
micro-vessel density in VEGFR-2-positive GC tissue was higher
than that in VEGFR-2-negative tissue, which indicated that
VEGFR-2 is associated with angiogenesis.15 Due to the key role
of the VEGF/VEGFR-2 signaling pathway in angiogenesis, the
expression of these proteins is closely related to the prognosis of
GC. Yan et al 7 reported that high expression of VEGFR-2 was
associated with poor differentiation and lymphatic metastasis in
breast cancer, and patients with high expression of VEGFR-2
had a poorer prognosis than VEGFR-2-negative patients.

Jurgensmeier et. al arrived at the same conclusion in colorectal
cancer.16 In the GC field, a study showed that high expression of
VEGFR-2 was related to TNM stage, tumor recurrence and
metastasis.17 In our study, we observed the same results for the
association between VEGFR-2 expression and GC prognosis but
no association for VEGF expression. The reasons for this differ-
ence may be as follows: one study indicated that the effect of
VEGF on the metastasis and prognosis of GC patients was
weaker than that of VEGFR-2; in other words, the expression
of VEGF in GC tissue may not necessarily be a risk factor for the
prognosis of GC.18 On the other hand, because the sample size of
our study was small, we do not have enough statistical power to
identify a modest effect.

he role of genetic polymorphisms in tumor development and
prognosis has received much attention, and relevant studies are
extensive. Scartozzi et. al observed that the VEGF rs699947 SNP
was associated with the recurrence of GC and that the recurrence
rate for the AC genotype was higher than that for the AA and CC
genotypes, but no statistical significance was found for VEGFR-
2.19 A study on VEGFR-2 SNPs and micro-vessel density in
colorectal cancer suggested that the VEGFR-2 polymorphism
was associated with increased micro-vessel density.15 Maeng et.
al 20 found that the OS of GC patients with the VEGFR-2
rs1870377 (AA) genetic mutation was poorer than that of
those in the control group. In addition, a study on the functional
region genetic polymorphism of VEGF rs699947 showed that
this polymorphism was associated with the prognosis of breast
cancer and colorectal cancer.19,21 So far, only a few studies have
addressed VEGFR-2 genetic polymorphisms and GC prognosis.

Table 3. Comparison of the clinicopathological characteristics of GC patients of VEGF/VEGFR-2 expression.

Charateristics VEGF (-) (%) VEGF (+) (%) P1-value VEGFR-2(-) (%) VEGFR-2(+) (%) VEGFR-2(++/+++) (%) P2-value

Sex 0.014 0.888
Male 129 (50.8%) 35 (13.8%) 26 (10.2%) 53 (20.9%) 85 (33.4%)
Female 82 (32.3%) 8 (3.1%) 12 (4.7%) 30(11.8%) 48 (18.9%)
Age(years) 0.088 0.299
>65 91 (35.8%) 12 (4.7%) 13 (5.1%) 30 (11.8%) 60 (23.6%)
≤ 65 120 (47.3%) 31 (12.2%) 25 (9.9%) 53 (20.9%) 73 (28.7%)
Location 0.500 0.133
cardia 13 (5.1%) 4 (1.6%) 3 (1.2%) 2 (0.8%) 12 (4.7%)
Non-cardia 198 (77.9%) 39 (15.4%) 35 (13.8%) 81 (31.9%) 121 (47.6%)
size(cm) 0.001 0.001
≤ 4 142 (55.9%) 39 (15.3%) 34 (13.4%) 64 (25.2%) 83 (32.6%)
>4 69 (27.2%) 4 (1.6%) 4 (1.6%) 19 (7.5%) 50 (19.7%)
Differentiation 0.861 0.001
Well/Moderate 73 (28.8%) 14 (5.5%) 23 (9.1%) 22 (8.7%) 42 (16.5%)
poor 138 (54.3%) 29 (11.4%) 15 (5.9%) 61 (24.0%) 91 (35.8%)
Depth of invasion 0.183 < 0.001
T1 98 (38.6%) 25 (9.8%) 30 (11.8%) 54 (21.3%) 39 (15.4%)
T2/T3/T4 113 (44.5%) 18 (7.1%) 8 (3.1%) 29 (11.4%) 94 (37.0%)
LNM 0.318 0.066
N0 109(42.9%) 26(10.2%) 25 (9.8%) 48 (18.9%) 62 (24.4%)
N1/N2/N3 102(40.2%) 17(6.7%) 13 (5.1%) 35 (13.8%) 71 (28.0%)
TNM stage 0.279 0.001
I/II 142(55.9%) 33(13.0%) 34(13.4%) 61(24.0%) 80(31.5%)
III 69(27.2%) 10(3.9%) 4(1.6%) 22(8.6%) 53(20.9%)
Smoking 0.256 0.622
Yes 53 (20.9%) 15 (5.9%) 11 (4.3%) 19 (7.5%) 38 (15.0%)
No 158 (62.2%) 28 (11.0%) 27 (10.6%) 64 (25.2%) 95 (37.4%)
Drinking 0.065 0.643
Yes 21 (8.3%) 9 (3.5%) 4 (1.6%) 12 (4.7%) 14 (5.5%)
No 190 (74.8%) 34 (13.4%) 34 (13.4%) 71 (28.0%) 119 (46.8%)

LNM, lymph node metastasis; VEGF, vascular endothelial growth factor; VEGFR-2, vascular endothelial growth factor receptor −2.
The cut point: VEGF, the product of intensity and percentage of positive cells > 6 was defined as positive, ≤ 6 was defined as negative.
VEGFR-2, the product of intensity and percentage of positive cells ≤ 1 was defined as negative;2-4was defined as weakly positive, ≥ 5 was defined as strongly.
positive.

Figure 4. Kaplan-Meier survival curves of gastric cancer by VEGFR-2 status.
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Our analysis indicated that the VEGFR-2 rs1870877 A > T poly-
morphismwas associated with the GC prognosis. The rs1870377
mutation is located in the coding region and is a missense
mutation. This change leads to p. Gln472His, NG_012004.1:
g.23789A> T, NM_002253.2: c.1416A> T, NP_002244.1: p.
Gln472His.22 In our analysis, the OS of patients with the AA
genotype was poorer than that of patients with the TT or AT
genotype. This observation may provide an important reference
value for clinical practice. However, we observed that only the
rs7667298 polymorphism was in HWE. We found no quality
problems with the primers or paraffin-embedded samples. This
disequilibrium may arise from the small sample size. To assess
the clinical significance of the genetic polymorphisms, further
studies with a large sample size and rigorous research are
needed.

In conclusion, the results of our study are consistent with
those of previous studies showing that the high expression of
VEGFR-2 as well as the VEGFR-2 rs1870377 A > T genetic
polymorphism may be prognostic factors for patients with
resected GC. This finding has important significance for clin-
ical practice in that it provides evidence for the diagnosis and
prognosis of GC patients. However, considering that some
limitations exist in our study, further studies with large sam-
ples are needed to confirm this conclusion.
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