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Abstract: In the present study, we carried out a hospital-based case-control study to investigate the association 
between VEGF genetic polymorphisms (-2578C/A rs699947, +936C/T rs3025039 and -460T/C rs833061) and 
risk of developing ovarian cancer. The case-control study comprised 163 patients with ovarian cancer and 276 con-
trols were recruited into our study between January 2013 and January 2015. The VEGF -2578C/A, +936C/T and 
-460T/C polymorphisms was determined by polymerase chain reaction-restriction fragment length polymorphism 
(PCR-RFLP). We found statistically significant differences between ovarian cancer patients and control subjects in 
terms of VEGF -2578C/A (χ2=15.83, P<0.001). Using unconditional logistic regression analysis, the C/A and A/A 
genotypes of VEGF -2578C/A increased the risk of ovarian cancer when compared to the C/C genotype, and the 
adjusted Ors (95% CI) were 1.92 (1.22-3.02) and 3.70 (1.45-9.94), respectively. Moreover, the A allele of VEGF 
-2578C/A was associated with an increased risk towards ovarian cancer compared with the C allele (OR=2.03, 
95% CI=1.43-2.88). In conclusion, we suggests that VEGF-2578C/AC polymorphism was associated with the risk of 
developing ovarian cancer in a Chinese population.
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Introduction

Ovarian cancer is one of the major causes of 
cancer-related death in females worldwide, 
largely resulting from the growth, metastasis 
and invasion of the cancer cells [1]. It is esti-
mated that the morbidity of ovarian cancer is 
about 4.1/105 and the mortality is about 
1.9/105 in Chinese population according to the 
international Agency for Research on Cancer 
investigation in 2012 (IARC, 2012). The patho-
genesis of ovarian cancer is not clear and not 
well understood. The development of ovarian 
cancer is involved in many environmental and 
lifestyle factors, such as age, early menarche, 
late menopause, unbearing, high fact dietary 
andindustrial talcum powder and asbestos 
exposure as well as long-term use of hormone 
supplement therapy [2, 3]. Previous study has 
reported that about 15% patients with ovarian 
cancer present familial aggregation, which sug-
gested that genetic factors may contribute to 
the development of ovarian cancer [4]. Nume- 

rous studies have been performed to elucidate 
the molecular mechanisms of ovarian cancer, 
such as Kras gene 3’-UTR gene, Insulin-like 
growth factor I gene, hypoxia-inducible factor-
1a gene, kinesin-like factor 1B gene and 
Nuclear factor-κB gene [5-9].

Vascular endothelial growth factor (VEGF) is a 
one of the key initiators and an critical pro-
angiogenic growth factor, and it is one of the 
most potent endothelial cell mitogens and  
plays an important role in regulating egress of 
plasma proteins and cells that directly and indi-
rectly stimulate angiogenesis [10, 11]. The 
VEGF gene is located on chromosome 6p12-
p21 with eight exons and seven introns, and 
has a 14-kb coding region. Single-nucleotide 
polymorphisms (SNPs) are the most common 
sequence variations occurring in the human 
genome. SNPs in VEGF gene may affect the 
property of the respective VEGF. Three common 
SNPs were observed in the promoter region of 
VEGF, including-2578C/A (rs699947), +936C/T 
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Individuals with any malignant tumors were 
excluded as controls.

The demographic and clinical characteristics of 
study subjects were collected using medical 
records or structured questionnaires. A detail- 
ed questionnaire was filled for each patients 
and control subjects by a trained interviewer. 
All the information regarding the epidemiolo- 
gical factors and the smoking habits ofthe  
subjects was obtained with the help of a ques-
tionnaire form filled by a trained personnel. 
Inorder to obtain a clear idea about the total 
smoking exposure, pack-years were obtained 
using thisequation: [(cigarettes per day/20) × 
number of years smoked]. The clinical details  
of thepatients such as histology, TNM staging 
and other important information was collect- 
ed from the medical records of the patients 
from the hospital.

The mean ages of patients with ovarian cancer 
and control subjects were 52.52±8.56 and 
51.70±9.15 years, respectively. The BMI were 
25.10±2.85 and 23.61±3.14 kg/m2 for ovarian 
cancer patients and control subjects, respec-
tively. Each study subject signed an inform  
consent before recruitment into this study. The 
performance of our study was approved by the 
ethics committee of the Affiliated Tumor 
Hospital of Zhengzhou University.

DNA extraction and genotyping

Each study subject was asked to provide five 
mL peripheral blood, and the DNA was extract-
ed from the blood samples using QIAamp DNA 
Blood Mini Kit (QIAGEN, USA) following the  
manufacturer’s recommendation. The VEGF 
-2578C/A, +936C/T and -460T/C polymorph- 
isms was determined by polymerase chain re- 

Table 1. The primer sequences and restriction enzymes for VEGF -2578C/A, +936C/T and -460T/C
VEGF Primers (5’-3’) Restriction enzymes Product sizes
-2578C/A Forward: GGATGGGGCTGACTAGGTAAGC BglII AA: 202 bp and 122 bp

CA: 324 bp, 202 bp and 122 bp
Reverse: AGCCCCCTTTTCCTCCAAC CC: 324 bp

+936C/T Forward: AAGGAAGAGGAGACTCTGCGC Hsp92II TT: 122 bp and 86 bp
Reverse: TATGTGGGTGGGTGTGTCTACAG CT: 198 bp, 122 bp and 86 bp

CC: 198 bp
-460T/C Forward: TGAATGGAGCGAGCAGCGTCT Bsh1236I TT: 175 bp

Reverse: CGTGCGGACAGGGCCTGAGA CT: 155 bp, 175 bp and 20 bp
CC: 155 bp and 20 bp

(rs3025039) and -460T/C (rs833061). It is 
reported that the three SNPs play a critical  
role in protein synthesis of VEGF [12, 13]. Pre- 
vious studies have reported that the VEGF 
genetic polymorphisms contribute to the risk  
of developing cancers [14-19]. Currently, only 
one previous study reported the relationship 
between VEGF genetic polymorphisms and sus-
ceptibility to ovarian cancer in Chinese popu- 
lation [20]. In the present study, we carried out 
a hospital-based case-control study to inves- 
tigate the relationship between VEGF genetic 
polymorphisms (-2578C/A rs699947, +936C/T 
rs3025039 and -460T/C rs833061) and risk  
of developing ovarian cancer.

Materials and methods

Subjects

The case-control study comprised 163 pa- 
tients with ovarian cancer and 276 controls, 
hence a total of 439 subjects were recruited  
in the study. The patients with ovarian can- 
cer were obtained from the Affiliated Tumor 
Hospital of Zhengzhou University between 
January 2013 and January 2015. Newly diag-
nosed primary ovarian cancer cases were 
included in the study with no age, histological 
and TNM restrictions. The exclusion criteria 
was to exclude those subjects who had a his-
tory of acute or chronic infection diseases, end-
stage of liver and kidney diseases and other 
malignant tumors.

The control subjects were recruited from the 
hospital, these were the individuals who came 
for normal health check-ups from the Affiliated 
Tumor Hospital of Zhengzhou University 
between January 2013 and January 2015. 
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Figure 1. Genotypes for VEGF -2578C/A polymor-
phism. 1-3 lanes: AA genotype; 4-6 lanes: CA geno-
type: 7 lane: CC genotype.

Figure 2. Genotypes for VEGF +936C/T polymor-
phisms. 1-3 lanes: CT genotype; 4-6 lanes: TT geno-
type: 7 lane: CC genotype.

Figure 3. Genotypes for VEGF -460T/C polymor-
phisms. 1 lane: CT genotype; 2-4 lanes: CC genotype: 
5-7 lane: TT genotype.

action-restriction fragment length polymorph- 
ism (PCR-RFLP). The primer sequences and re- 
striction enzymes for VEGF -2578C/A, +936C/T 
and -460T/C were shown in Table 1. The PCR 
reaction was performed in 15 μl of reaction 
mixture containing 1× PCR buffer, 1.5 μl (25 
mmol/L) MgCl2, with 0.25 μl (10 pmol/μl) of 
both primers, 0.3 μl (10 mmol/L) of each 
dNTP’s, 0.25 μl (5 u/ul) Taq polymerase and 
approximately 1.0 μl DNA. The PCR conditions 
included an initial melting step of 94°C for  
5 min and followed by 30 cycles of 94°C for  
45 s, variable annealing temperature for 30 s 

and 72°C for 45 s for all the four polymorphic 
sites. PCR amplification was checked by using 
1.5% agarose gel electrophoresis (Figures 1-3).

Statistical analysis

The statistical variation within the demographic 
and clinical variables of the two study groups 
was done usingthe chi-square tests (χ2 test)  
for the categorical data and student t test  
for continuous variables. The statistical differ-
ence between the allele and genotype frequen-
cies of patients and controls were carried out 
using Pearson’s Chi-square test. Genotypic  
frequencies in control subjects for each SNP 
were tested for departure from Hardy-Weinberg 
equilibrium (HWE) using an exact Chi-square 
test. To evaluate the correlation of ovarian can-
cer susceptibility and VEGF -2578C/A, +936C/ 
T and -460T/C polymorphisms, the uncondi-
tional logistic regression analysis was taken to 
calculate adjusted Odds Ratio (OR) with their 
95% Confidence Intervals (CI) with adjustment 
for possible confounders. Statistical analyses 
were performed using SPSS 16.0 statistical 
packages (SPSS, Chicago, IL). All P values in 
this study were two-sided.

Results

The demographic and clinical variables of the 
two study groups are shown in Table 2. Using 
Chi-square test or student t test, the ovarian 
cancer patients were comparable with the con-
trol subjects in respect of mean age (t=0.93, 
P=0.18), menopausal status (χ2=0.87, P=0.35), 
tobacco smoking (χ2=1.45, P=0.23), alcohol 
consumption (χ2=0.56, P=0.46), and using of 
hormone replacement therapy (χ2=2.76, P= 
0.10). However, significant statistical differ- 
ences were observed between ovarian cancer 
patients and control subjects regarding family 
history of cancers in the first relatives (χ2= 
7.11, P=0.008) and use of hormone replace-
ment therapy (χ2=4.97, P<0.001).

The genotypic frequencies distribution of VEGF 
-2578C/A, +936C/T and -460T/C genes aregiv-
en in Table 3. We found statistically significant 
differences between ovarian cancer patients 
and control subjects in terms of VEGF -2578C/A 
(χ2=15.83, P<0.001). However, there were no 
statistical differences between the two study 
groups with respect to VEGF +936C/T (χ2=0.87, 
P=0.65) and -460T/C (χ2=0.27, P=0.87) geno-
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typic distributions. The genotypic distributions 
of the three SNPs did not deviate from the HWE 
in patients (P values were 0.21, 0.28 and 0.74, 
respectively) and controls (P values were 0.26, 
0.62 and 0.82, respectively). Moreover, the 
MAFs of VEGF -2578C/A, +936C/T and -460T/ 
C genes were similar with those in the da- 
tabases from National Center of Biotech- 
nology Information (https://www.ncbi.nlm.nih.
gov/snp/).

The correlation between VEGF -2578C/A, 
+936C/T and -460T/C genetic polymorphisms 
and risk of ovarian cancer were presented in 
Table 4. The wide type genotype of the three 
SNPs were taken as the reference group. Us- 
ing unconditional logistic regression analysis, 
the C/A and A/A genotypes of VEGF -2578C/A 
increased the risk of ovarian cancer when com-
pared to the C/C genotype, and the adjusted 
Ors (95% CI) were 1.92 (1.22-3.02) and 3.70 

(1.45-9.94), respectively. Moreover, the A allele 
of VEGF -2578C/A was associated with an in- 
creased risk towards ovarian cancer compared 
with the C allele (OR=2.03, 95% CI=1.43-2.88). 
However, no significant association was found 
between VEGF +936C/T and -460T/C genetic 
polymorphisms and development of ovarian 
cancer by logistic regression analysis.

Discussion

VEGF is one of the most important factors that 
is involved in the activation of tumor-related 
angiogenesis [21, 22]. Previous studies have 
reported that the VEGF plasma levels are as- 
sociated with tumor growth and pathogene- 
sis of ovarian cancer patients [23, 24]. Single 
nucleotide polymorphisms (SNP) refer to the 
alteration of a single nucleotide base, by inser-
tion, deletion, or replacement, and thus influ-
ences the expression and function of protein 

Table 2. Characteristics of ovarian cancer patients and control subjects

Variables Patients 
N=163 % Controls 

N=276 % χ2 test  
or t test P value

Mean age, years 52.52±8.56 51.70±9.15 0.93 0.18
Menopausal status
    Pre-menopausal 60 36.81 114 41.30
    Post-menopausal 103 63.19 162 58.70 0.87 0.35
Tobacco smoking
    No 143 87.73 252 91.30
    Yes 20 12.27 24 8.70 1.45 0.23
Alcohol consumption
    No 125 76.69 220 79.71
    Yes 38 23.31 56 20.29 0.56 0.46
Family history of cancers in the first relatives
    No 152 93.25 271 98.19
    Yes 11 6.75 5 1.81 7.11 0.008
Use of hormone replacement therapy
    No 153 93.87 269 97.46
    Yes 10 6.13 8 2.90 2.76 0.10
Body mass index, kg/m2 25.10±2.85 23.61±3.14 4.97 <0.001
TNM stage
    I-II 76 46.63
    III-IV 87 53.37
Histopathology
    Serous 94 57.67
    Mucinous 22 13.50
    Clear cell 12 7.36
    Endometrioid 24 14.72
    Others 11 6.75
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[25]. Amino acid substitutions that occur at  
promoter important regions in the VEGF might 
influence the expression of this protein. In pre-
vious experimental studies have indicated that 
genetic variability of VEGF could influence the 

the polymorphism -2578C/A in VEGF, the C to A 
allele change led to the reduction of VEGF gene 
transcription, which may influence the expres-
sion of several viral and cellular genes [30, 31]. 
Previous study have reported that C allele of 

Table 3. Genotypic distributions of VEGF -2578C/A, +936C/T and -460T/C genes

VEGF Patients % Controls % χ2 test P value HWE P value 
(patients)

HWE P value 
(controls)

MAF  
(controls)

-2578C/A
    C/C 90 55.22 200 72.46
    C/A 58 35.58 67 24.28
    A/A 15 9.20 9 3.26 15.83 <0.001 0.21 0.26 0.1540
+936C/T
    C/C 109 66.87 192 69.57
    C/T 46 28.22 75 27.17
    T/T 8 4.91 9 3.26 0.87 0.65 0.28 0.62 0.1685
-460T/C
    T/T 87 53.37 153 55.44
    C/T 63 38.65 104 37.68
    C/C 13 7.98 19 6.88 0.27 0.87 0.74 0.82 0.2572

Table 4. Relationship between VEGF -2578C/A, +936C/T and 
-460T/C genetic polymorphisms and risk of ovarian cancer

VEGF Patients % Controls % Adjusted OR 
(95% CI)1 P value

-2578C/A
    C/C 90 55.22 200 72.46 1.0 (Ref.) -
    C/A 58 35.58 67 24.28 1.92 (1.22-3.02) 0.003
    A/A 15 9.2 9 3.26 3.70 (1.45-9.94) 0.002
Allele
    C 238 73.01 467 84.6 1.0 (Ref.) -
    A 88 26.99 85 15.4 2.03 (1.43-2.88) <0.001
+936C/T
    C/C 109 66.87 192 69.57 1.0 (Ref.) -
    C/T 46 28.22 75 27.17 1.08 (0.68-1.71) 0.73
    T/T 8 4.91 9 3.26 1.57 (0.51-4.71) 0.37
Allele
    C 264 80.98 459 83.155 1.0 (Ref.) -
    T 62 19.02 93 16.845 1.16 (0.80-1.68) 0.42
-460T/C
    T/T 87 53.37 153 55.44 1.0 (Ref.) -
    C/T 63 38.65 104 37.68 1.07 (0.69-1.64) 0.76
    C/C 13 7.98 19 6.88 1.20 (0.52-2.71) 0.63
Allele
    T 237 72.695 410 74.28 1.0 (Ref.) -
    C 89 27.305 142 25.72 1.08 (0.78-1.49) 0.61
1Adjusted for age, family history of cancer in the first relatives and use of hormone 
replacement therapy.

activity, function and 
expression of this protein 
[26, 27]. In the present 
study, we investigate wheth-
er the VEGF -2578C/A, 
+936C/T and -460T/C poly-
morphic sites of VEGF gene 
could have an impact on 
ovarian cancer in Chinese 
population. Our study indi-
cated that the C/A and A/A 
genotypes of -2578C/A 
were associated to increase 
the risk of ovarian cancer in 
Chinese population regard-
less of potential confound-
ing factors.

Angogenesis is a necess- 
ary factor for the growth  
of microscopic cancers into 
larger tumors, and it have 
an important role in the pa- 
thogenesis of ovarian can-
cer [20, 28]. It is report- 
ed that the VEGF protein  
is an critical factors of an- 
giogenesis, and it is a key 
step for tumor development 
and progression of ovarian 
cancers [29]. Considering 
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VEGF-2578C/A showed an elevated gene tran-
scription activity of 1.95-fold compared to the A 
allele [32]. Another study revealed that the C/A 
genotype of VEGF was associated with the high 
expression of this protein, while the C/C geno-
type was correlated with the low expression 
[33]. 

Previous studies have reported the associ- 
ation between VEGF -2578C/A genetic poly- 
morphisms and development of several kinds 
of cancers, such as hepatocellular carcinoma, 
cervical cancer, breast cancer, lung cancer, 
osteosarcoma, renal cell carcinomas [16, 18, 
34-37]. Machado et al. carried out a case-con-
trol study in Portuguese Chinese, and report- 
ed that VEGF -2578C/A genetic polymorphisms 
was associated with an increased risk of he- 
patocellular carcinoma [37]. Zidi et al. conduct-
ed a case-control study with 86 cervical can- 
cer patients and 124 controls in Tunisian po- 
pulation, and demonstrated that VEGF -2578C/
A and -1154G/A genetic variation may contrib-
ute to the development of cervical cancer [36].
Kapahi et al. performed a study and comprised 
of 204 breast cancer patients and 204 con-
trols, and reported that the VEGF -2578C/A  
and -460T/C genetic polymorphisms are corre-
lated with the risk of developing breast cancer 
[35]. Zhao et al. performed a study with 176 
osteosarcoma and 176 controls in a Chinese 
population, and suggested that VEGF -2578C/A 
and -460T/C genetic polymorphisms may be 
correlated with an elevated risk of osteosarco-
ma [38]. Xian et al. indicated that the VEGF 
-2578C/A and -936C/T genetic polymorphisms 
may contribute to the etiology of renal cell  
carcinomas in a Chinese population. However, 
Liu et al. carried out a study with 414 patients 
with primary lung cancer and 338 healthy con-
trols in a Chinese population, and reported  
that no relationship existed between VEGF 
460T/C, -1154G/A and -2578C/A genetic poly-
morphisms and development of lung cancer 
[34].

For the association between VEGF genetic poly-
morphisms and development of ovarian cancer, 
only three previous studies have reported their 
relationship, but the results are inconclusive 
[20, 28, 39]. Li et al. carried out a case-control 
study with 303 epithelial ovarian cancer pa- 
tients and 303 healthy controls in China, but 
theyrevealed that the VEGF -2578C/A, +936C/T 

and -460T/C genetic polymorphisms did not 
contribute to the susceptibility to epithelial 
ovarian cancer [20]. Rinck-Junior et al. conduct-
ed a study with 131 ovarian cancer patients 
and 137 controls in Brazilian population, and 
demonstrated that VEGF +936C/T contribute 
to the development of epithelial ovarian cancer 
[28]. Knoac et al. carried out a study with 47 
ovarian cancer patients and 106 healthy con-
trol in Turkey, and reported that the VEGF 
+936C/T and -460T/C polymorphisms could 
not contribute to the development of ovarian 
cancers [39]. In our study, we observed that the 
C/A and A/A genotypes of -2578C/A contribute 
to the susceptibility of ovarian cancer, and part 
of our results were in line with previous studies. 
The discrepancies of these studies may be 
caused by differences in ethnicity, selection of 
controls, and sample sizes.

Two limitations should be taken into consider-
ation in this study. First, the study subjects 
were collected from only one hospital in China, 
and this study design may result in selection 
bias. Second, the sample size is relatively 
small, and the small sample size could cause 
low statistical power to determine the differ-
ences between the patients and controls. 
Therefore, further studies with more ethnicities 
and larger sample sizes are greatly required to 
evaluate the association of VEGF gene polymor-
phisms and development of ovarian cancer.

In conclusion, our study suggests that VEGF-
2578C/AC polymorphism was associated with 
risk of developing ovarian cancer. Further inves-
tigations and studies with much larger sample 
size are required to confirm the relationship 
between VEGF-2578C/A, +936C/T and -460T/
C gene polymorphisms and risk of ovarian 
cancer.

Acknowledgements

We thank for the funding from Zhengzhou 
University. We thank for the great help from 
staffs in the Zhengzhou University, who help us 
to collect the blood sample for analysis.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Yuhuan Qiao, The 
First Affliated Hospital of Zhengzhou University, No. 
1 Jian She Dong Road, Zhengzhou 450052, China. 



VEGF polymorphisms and ovarian cancer risk

18770 Int J Clin Exp Med 2016;9(9):18764-18771

Tel: 86-371-66913027; Fax: 86-371-66913027; 
E-mail: yhqiao@zzu.edu.cn

References

[1] International Agency for Research on Cancer. 
GLOBOCAN 2012: Estimated Cancer Incidence, 
Mortality and Prevalence Worldwide in 2012. 
http://globocan.iarc.fr/Pages/fact_sheets_
population.aspx. 

[2] Gharwan H, Bunch KP and Annunziata CM. 
The role of reproductive hormones in epithelial 
ovarian carcinogenesis. Endocr Relat Cancer 
2015; 22: R339-363.

[3] Sundar S, Neal RD and Kehoe S. Diagnosis of 
ovarian cancer. BMJ 2015; 351: h4443.

[4] Romero I and Bast RC Jr. Minireview: human 
ovarian cancer: biology, current management, 
and paths to personalizing therapy. Endo- 
crinology 2012; 153: 1593-1602.

[5] Ying HQ, Wang F, He BS, Pan YQ, Gao TY, Xu 
YQ, Li R, Deng QW, Sun HL and Wang SK. The 
involvement of Kras gene 3’-UTR polymor-
phisms in risk of cancer and influence on pa-
tient response to anti-EGFR therapy in meta-
static colorectal cancer: a meta-analysis. Onco 
Targets Ther 2014; 7: 1487-1496.

[6] Ose J, Fortner RT, Schock H, Peeters PH, On- 
land-Moret NC, Bueno-de-Mesquita HB, Wei- 
derpass E, Gram IT, Overvad K, Tjonneland A, 
Dossus L, Fournier A, Baglietto L, Trichopoulou 
A, Benetou V, Trichopoulos D, Boeing H, Ma- 
sala G, Krogh V, Matiello A, Tumino R, Popovic 
M, Obon-Santacana M, Larranaga N, Ardanaz 
E, Sanchez MJ, Menendez V, Chirlaque MD, 
Travis RC, Khaw KT, Brandstedt J, Idahl A, 
Lundin E, Rinaldi S, Kuhn E, Romieu I, Gunter 
MJ, Merritt MA, Riboli E and Kaaks R. Insulin-
like growth factor I and risk of epithelial inva-
sive ovarian cancer by tumour characteris- 
tics: results from the EPIC cohort. Br J Cancer 
2015; 112: 162-166.

[7] Kafshdooz L, Tabrizi AD, Mohaddes SM, Kaf- 
shdooz T, Akbarzadeh A, Ghojazadeh M and 
Gharesouran J. The polymorphism of hypoxia-
inducible factor-1a gene in endometrial can-
cer. Asian Pac J Cancer Prev 2014; 15: 10393-
10396.

[8] Shi TY, Jiang Z, Jiang R, Yin S, Wang MY, Yu KD, 
Shao ZM, Sun MH, Zang R and Wei Q. 
Polymorphisms in the kinesin-like factor 1 B 
gene and risk of epithelial ovarian cancer in 
Eastern Chinese women. Tumour Biol 2015; 
36: 6919-6927.

[9] Chen LP, Cai PS and Liang HB. Association of 
the genetic polymorphisms of NFKB1 with sus-
ceptibility to ovarian cancer. Genet Mol Res 
2015; 14: 8273-8282.

[10] Patard JJ, Pouessel D, Bensalah K and Culine 
S. Targeted therapy in renal cell carcinoma. 
World J Urol 2008; 26: 135-140.

[11] Motzer RJ, Hutson TE, Tomczak P, Michaelson 
MD, Bukowski RM, Rixe O, Oudard S, Negrier S, 
Szczylik C, Kim ST, Chen I, Bycott PW, Baum 
CM and Figlin RA. Sunitinib versus interferon 
alfa in metastatic renal-cell carcinoma. N Engl 
J Med 2007; 356: 115-124.

[12] Maeda A, Nakata M, Yasuda K, Yukawa T, 
Saisho S, Okita R, Hirami Y and Shimizu K. 
Influence of vascular endothelial growth factor 
single nucleotide polymorphisms on non-small 
cell lung cancer tumor angiogenesis. Oncol 
Rep 2013; 29: 39-44.

[13] Liu X, Guan Y, Zhang W, Liu S, Liu J, Wang L 
and Niu Y. Predictors of recurrence in breast 
cancer subtypes with negative lymph node in a 
Chinese population. Int J Clin Exp Pathol 2014; 
7: 3202-3212.

[14] Wang L, Ji S and Cheng Z. Vascular endothelial 
growth factor -2578C/A polymorphism and 
colorectal cancer risk: A meta-analysis. J Res 
Med Sci 2015; 20: 811-817.

[15] Ban JY, Shin JI and Oh CH. Vascular endothelial 
growth factor -634 G/C polymorphism and risk 
of cancer: an updated meta-analysis. Genet 
Mol Res 2015; 14: 13906-13914.

[16] Zhang G, Bai R, Zhang T, Zhang H, Wen SZ and 
Jiang DM. Investigation of the role of VEGF 
gene polymorphisms in the risk of osteosarco-
ma. Genet Mol Res 2015; 14: 8283-8289.

[17] Song N, Liu B, Wu J, Zhang R, Duan L, He W 
and Zhang C. Vascular endothelial growth fac-
tor (VEGF) -2578C/A and -460C/T gene poly-
morphisms and lung cancer risk: a meta-anal-
ysis involving 11 case-control studies. Tumour 
Biol 2014; 35: 859-870.

[18] Xian W, Zheng H and Wu WJ. Predictive value 
of vascular endothelial growth factor polymor-
phisms on the risk of renal cell carcinomas. 
Genet Mol Res 2015; 14: 7634-7642.

[19] Fan J, Zhang W, Lei C, Qiao B, Liu Q, Chen Q, 
Jiao H, Jiang L, Cui S and Chen J. Vascular en-
dothelial growth factor polymorphisms and 
lung cancer risk. Int J Clin Exp Med 2015; 8: 
6406-6411.

[20] Li Y, Wang Y, Kang S, Wang N, Zhou RM, Duan 
YN, Sun DL, Qin JJ, Zhao W and Zhao L. 
Association of vascular endothelial growth fac-
tor gene polymorphisms with susceptibility to 
epithelial ovarian cancer. Int J Gynecol Cancer 
2010; 20: 717-723.

[21] Lee SH, Jeong D, Han YS and Baek MJ. Pivotal 
role of vascular endothelial growth factor path-
way in tumor angiogenesis. Ann Surg Treat Res 
2015; 89: 1-8.

[22] Hicklin DJ and Ellis LM. Role of the vascular 
endothelial growth factor pathway in tumor 

mailto:yhqiao@zzu.edu.cn


VEGF polymorphisms and ovarian cancer risk

18771 Int J Clin Exp Med 2016;9(9):18764-18771

growth and angiogenesis. J Clin Oncol 2005; 
23: 1011-1027.

[23] Decio A, Taraboletti G, Patton V, Alzani R, 
Perego P, Fruscio R, Jürgensmeier J, Giavazzi R 
and Belotti D. Vascular endothelial growth fac-
tor c promotes ovarian carcinoma progression 
through paracrine and autocrine mechanisms. 
Am J Pathol 2014; 184: 1050-1061.

[24] Sedlakova I, Tosner J, Kopecky O, Vroblova V, 
Rezac A, Skapinec P and Andrys C. [Vascular 
endothelial growth factor in ovarian cancer pa-
tients]. Ceska Gynekol 2012; 77: 415-420.

[25] Friedberg EC. DNA damage and repair. Nature 
2003; 421: 436-440.

[26] Awata T, Inoue K, Kurihara S, Ohkubo T, 
Watanabe M, Inukai K, Inoue I and Katayama 
S. A common polymorphism in the 5’-untrans-
lated region of the VEGF gene is associated 
with diabetic retinopathy in type 2 diabetes. 
Diabetes 2002; 51: 1635-1639.

[27] Mohammadi M, Ollier W and Hutchinson I. A 
functional association study of VEGF gene pro-
moter polymorphisms with VEGF expression by 
stimulated pbm cells. Hum Immunol 2003; 64: 
S125.

[28] Rinck-Junior JA, Oliveira C, Lourenco GJ, 
Sagarra RA, Derchain SF, Segalla JG and Lima 
CS. Vascular endothelial growth factor (VEGF) 
polymorphism and increased risk of epithelial 
ovarian cancer. J Cancer Res Clin Oncol 2015; 
141: 69-73.

[29] Delli Carpini J, Karam AK and Montgomery L. 
Vascular endothelial growth factor and its  
relationship to the prognosis and treatment  
of breast, ovarian, and cervical cancer. 
Angiogenesis 2010; 13: 43-58.

[30] Kato H, Yoshikawa M, Miyazaki T, Nakajima M, 
Fukai Y, Masuda N, Fukuchi M, Manda R, 
Tsukada K and Kuwano H. Expression of vas-
cular endothelial growth factor (VEGF) and its 
receptors (Flt-1 and Flk-1) in esophageal squa-
mous cell carcinoma. Anticancer Res 2002; 
22: 3977-3984.

[31] Gunsilius E, Petzer AL and Gastl G. Angiogenic 
growth factors and endostatin in non-Hodg-
kin’s lymphoma. Br J Haematol 2000; 108: 
661-663.

[32] Yang B, Cross DF, Ollerenshaw M, Millward BA 
and Demaine AG. Polymorphisms of the vascu-
lar endothelial growth factor and susceptibility 
to diabetic microvascular complications in pa-
tients with type 1 diabetes mellitus. J Diabetes 
Complications 2003; 17: 1-6.

[33] Abe A, Sato K, Habuchi T, Wang L, Li Z, Tsuchiya 
N, Ohyama C, Satoh S, Ogawa O and Kato T. 
Single nucleotide polymorphisms in the 3’ un-
translated region of vascular endothelial 
growth factor gene in Japanese population 
with or without renal cell carcinoma. Tohoku J 
Exp Med 2002; 198: 181-190.

[34] Liu C, Zhou X, Gao F, Qi Z, Zhang Z and Guo Y. 
Correlation of genetic polymorphism of vascu-
lar endothelial growth factor gene with suscep-
tibility to lung cancer. Cancer Gene Ther 2015; 
22: 312-316.

[35] Kapahi R, Guleria K, Sambyal V, Manjari M, 
Sudan M, Uppal MS and Singh NR. Association 
of VEGF and VEGFR1 polymorphisms with 
breast cancer risk in North Indians. Tumour 
Biol 2015; 36: 4223-4234.

[36] Zidi S, Stayoussef M, Gazouani E, Mezlini  
A, Yacoubi-Loueslati B and Almawi WY. 
Relationship of common vascular endothelial 
growth factor polymorphisms and haplotypes 
with the risk of cervical cancer in Tunisians. 
Cytokine 2015; 74: 108-112.

[37] Machado M, Janeiro A, Miltenberger-Miltenyi G 
and Cortez-Pinto H. Genetic polymorphisms of 
proangiogenic factors seem to favor hepatocel-
lular carcinoma development in alcoholic cir-
rhosis. Eur J Gastroenterol Hepatol 2014; 26: 
438-443.

[38] Li-Lian Z, Lin W, Lei S, Yao-Nan Z. Investigation 
on the role of VEGF gene polymorphisms in the 
risk of osteosarcoma. Pak J Med Sci 2015; 31: 
364-368.

[39] Konac E, Onen H, Metindir J, Alp E, Biri A and 
Ekmekci A. Lack of association between -460 
C/T and 936 C/T of the vascular endothelial 
growth factor and angiopoietin-2 exon 4 G/A 
polymorphisms and ovarian, cervical, and en-
dometrial cancers. DNA Cell Biol 2007; 26: 
453-463.


