
Purpose: To explore whether the vascular endothelial 
growth factor (VEGF) +405G/C polymorphism confers sus-
ceptibility to breast cancer (BC) by conducting a meta-anal-
ysis. 

Methods: Publications addressing the association between 
the VEGF +405G/C polymorphism and BC risk were select-
ed from the PubMed, Embase and Google Scholar databas-
es. Data were extracted from studies by three independent 
reviewers. The meta-analysis was performed by STATA 12.0 
software, and odds ratio (OR) with 95% confidence interval 
(CI) were calculated. 

Results: Finally, 10 case-control studies were retrieved with 
a total of 8,855 BC patients and 9,393 controls. No signif-

icant association was identified between VEGF +405G/C 
polymorphism and BC risk in overall populations under 5 
models (C vs G: OR=1.001, 95% CI=0.896-1.119, p=0.987; 
CC vs GG: OR=1.006, 95% CI=0.853-1.186, p=0.997; CG vs 
GG: OR= 0.985, 95% CI= 0.823-1.178, p=0.779; CC vs CG/
GG: OR=1.019, 95% CI=0.921-1.127, p=0.722; CC/CG vs 
GG: OR=0.985, 95 % CI=0.835-1.162, p=0.862), and also in 
the subgroup analysis by ethnicity. 

Conclusion: Our study confirms that there is a lack of associ-
ation between the VEGF +405 G/C polymorphism and BC risk.
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BC is the malignancy most common diag-
nosed and the primary cause of cancer-related 
death among females, accounting for 23% of the 
total cancer cases and 14% of the cancer deaths 
[1], with an estimated 1.67 million new cancers di-
agnosed in 2012 [2]. Angiogenesis is an important 
step in the progression of cancer and is essential 
for primary tumor growth [3]. VEGF is a dominant 
angiogenic factor in solid tumors, which can in-
crease vascular permeability and induce endothe-
lial cell proliferation, migration, and differentia-

tion and capillary formation [4]. In BC, VEGF is 
believed to be cardinal for the process of initiation 
of angiogenesis and a primary mediator of cancer 
angiogenesis [5]. 

VEGF gene is located in chromosome 6p12 
and consists of a 14 kb coding region with 8 ex-
ons and 7 introns [6]. Several single nucleotide 
polymorphisms (SNPs) have been described in 
the 5’-untranslated region (UTR), as well as in 
the promoter region, associated with BC suscep-
tibility [7]. One of them, +405G/C polymorphism 
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(rs2010936), which is at position –634 before tran-
scription initiation site in the 5’-UTR, and a sig-
nificant correlation was uncovered between this 
polymorphism and lipopolysaccharide (LPS) stim-
ulated peripheral blood mononuclear cells (PBMC) 
VEGF protein production [8]. Several studies have 
uncovered the association between VEGF +405G/C 
polymorphisms and susceptibility to malignancy, 
including gastric cancer [9-12], colorectal cancer 
[13-16], esophageal adenocarcinoma [17], and oral 
squamous cell cancer [18]. Recently, Sanguanrak-
sa et al. [19]  investigated the association between 
VEGF -634G/C polymorphisms and BC risk in a 
middle-sized case–control study in a Thailand 
population, and suggested that the -634CC variant 
genotype was associated with an increased risk of 
BC with a marginal significance. However, lack of 
association between the polymorphism and BC 
risk was reported by Rani et al. [20]. Based on the 
significant role of VEGF in breast carcinogenesis 
and the genotype-phenotype correlation, we hy-
pothesized that genetic variants of VEGF might be 
associated with BC susceptibility. Paradoxically 
the data reported are conflicting and inconclusive. 
The lack of concordant conclusions can be part-
ly explained by the relatively small sample sizes, 
differences in ethnic compositions, and research 
methodologies among studies. 

Thus, we carried out a meta-analysis on all el-
igible studies to derive a more robust estimation 
of the association between VEGF +405G/C poly-
morphism and BC susceptibility.

Methods

Search strategy

We performed an in silico search of the PubMed, 
Embase, and CBM (Chinese Biomedical Literature Da-
tabase) to retrieve articles linking VEGF +405G/C gene 
polymorphism and susceptibility to BC available up to 
December 2014 with keywords “breast cancer,” “breast 
neoplasm”, “breast tumor”, “vascular endothelial 
growth factor”, “VEGF”, “Vascular Endothelial Growth 
Factors”, “polymorphism,” “variant”, “Genomic Struc-
tural Variation”, and “Polymorphism, Genetic”. Addi-
tionally, a search of the references of original studies 
was also performed, and review articles were also ex-
amined. The authors of articles that had unclear data 
were directly contacted by us. Publications in English 
and Chinese were included for all the aforementioned 
methodologies.

Quality control

Eligible studies had to meet the following criteria: 
(i) case-control studies; (ii) the parameters about the 

VEGF +405G/C polymorphism and BC risk should be 
evaluated; (iii) detailed information on genotype fre-
quency in cases and controls should be reported; (iv) 
sufficient statistical data for estimating an OR with 
95% CI should be included. The exclusion criteria were 
as follows: (i) not a case-control study that has evalu-
ated the association between the VEGF +405G/C pol-
ymorphism and BC risk; (ii) no usable data reported; 
or (iii) contained duplicate data; (iv) abstract, comment, 
review, and editorial; (v) family-based experiment. 
When multiple publications reported on the same or 
overlapping data, the publication with the latest data 
or the largest population was selected. 

Data extraction

Three investigators (Meng Zhang, Xun Wu and 
Xiang Wang) independently extracted data in a stand-
ardized form and reached a consensus of all studies. 
The following information was extracted from each 
study: name of the first author, year of publication, eth-
nicity, source of cases and controls, cancer type, the to-
tal number of cases and controls, genotype frequencies 
for each case and control, and HWE (Hardy-Weinberg 
equilibrium) of controls. 

Statistics

The OR and 95% CI were used to evaluate the 
strength of associations between the VEGF +405G/C 
polymorphism and the risk of BC according to 5 ge-
netic models: allele contrast (C vs G), homozygote (CC 
vs GG), heterozygote (CG vs GG), recessive (CC vs CG/
GG), and dominant (CC/CG vs GG) models. The heter-
ogeneity was tested by a chi-square based Q statistic 
test. The effect of heterogeneity was quantified by us-
ing I2 values, as well as p values [21]. If I2 value <50% 
and p>0.10, indicating that no significant heterogeneity 
existed, ORs were pooled by a fixed-effects model. Oth-
erwise, we chose a random-effects model (DerSimonian 
and Laird method) [22]. 

A professional web-based program (http://ihg2.
helmholtz-muenchen.de/cgibin/hw/hwa1.pl) was used 
to test the HWE of controls [23], if p >0.05, indicating 
that the controls followed the HWE balance. Sensitivity 
analysis was conducted to assess the stability of these 
results. One single study obtained in the meta-analysis 
was eliminated each time to reveal the impression of 
the individual data set on the pooled ORs [24] . When 
HWE disequilibrium existed (p <0.05 was considered 
statistically significant), the sensitivity analysis was 
also conducted. In the meta-analysis, the possibility of 
publication bias was tested by Egger’s test and Begg’s 
test (p<0.05 was considered representative of statisti-
cally significant publication bias) [25]  and visual ob-
servation of a funnel plot [26]. STATA Software (version 
12.0, Stata Corp) was used in all statistical tests, and 
p<0.05 for any test or model was considered to be sta-
tistically significant.
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Results

Characteristics of eligible studies

After careful examination according to the in-
clusion criteria, a total of 10 case-control studies 
comprising 8,855 cases and 9,393 healthy con-
trols were included [19,20,27-34]. The flow chart 
of the study selection is summarized in Figure 1. 

All the included studies were case-control studies 
that had evaluated the association between VEGF 
+405G/C gene polymorphisms and susceptibility 
to BC. The selected study characteristics are sum-
marized in Table 1. All 10 eligible studies present-
ed data on VEGF +405G/C polymorphisms with 
BC risk. In one study, the distribution of the geno-
types in the control groups were not in HWE [30].

Table 1. Characteristics of eligible case-control studies included in the meta-analysis 

First author Year Ethnicity Genotyping 
method

Control 
of source

Cancer 
type

Case Control

GG GC CC GG GC CC HWE

James et al. 2014 Asian PCR-RFLP H-B BC 89 88 23 85 89 26 0.722

Kapahi et al. 2014 Asian PCR-RFLP P-B BC 104 77 11 74 94 24 0.485

Luo et al. 2013 Asian PCR-RFLP H-B BC 338 205 137 341 204 135 8.773

Sanguanraksa 
et al. 2013 Asian ARMS H-B BC 223 199 61 234 81 40 4.632

Oliveira et al. 2011 Mixed PCR-RFLP P-B BC 95 102 38 82 129 24 0.01

Balasubramanian 
et al. 2007 Caucasian TaqMan P-B BC 226 207 57 209 225 64 0.777

Pharoah et al. 2007 Caucasian TaqMan P-B BC 962 872 210 988 936 245 0.301

Kataoka et al. 2006 Asian TaqMan P-B BC 395 508 192 418 598 182 0.181

Jacobs et al. 2006 Mixed TaqMan P-B BC 221 222 52 232 221 47 0.588

Jin et al. 2005 Caucasian TaqMan P-B BC 488 363 85 492 367 82 0.254

HWE: Hardy-Weinberg equilibrium; PCR-RFLP: polymerase chain reaction-restriction fragment length polymorphism; ARMS: refrac-
tory mutation system; H-B: hospital based; P-B: population based

Figure 1. Flow chart showing the study selection procedure.
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Meta-analysis results

The main results of this meta-analysis and 
the heterogeneity test are shown in Table 2. No 
significant association was found between VEGF 
+405G/C polymorphism and the risk of BC in the 
overall populations under 5 genetic models (C vs 
G: OR=1.001, 95% CI=0.896-1.119, p=0.987; CC vs 
GG: OR=1.006, 95% CI=0.853-1.186, p=0.997; CG 
vs GG: OR= 0.985, 95% CI= 0.823-1.178, p=0.779; 
CC vs CG/GG: OR=1.019, 95% CI=0.921-1.127, p 
= 0.722; CC/CG vs GG: OR=0.985, 95% CI=0.835-
1.162, p = 0.862). In the subgroup analysis by eth-
nicity, there was also lack of association between 
VEGF +405G/C polymorphisms and BC risk in 
Asians (C vs G: OR=1.009, 95% CI=0.785-1.298, p 
=0.941; CC vs GG: OR=0.977, 95 % CI=0.702-1.361, 
p=0.892; CG vs GG: OR=1.062, 95% CI=0.698-1.616, 
p=0.328; CC vs CG/GG: OR=1.055, 95% CI=0.909-
1.224, p=0.485; CC/CG vs GG: OR=1.028, 95% 
CI=0.703-1.504, p=0.887) and Caucasians (C vs G: 
OR=0.952, 95% CI=0.887-1.022, p=0.174; CC vs 

GG: OR=0.907, 95% CI=0.773-1.064, p=0.231; CG 
vs GG: OR=0.952, 95% CI=0.862-1.051, p=0.521; 
CC vs CG/GG: OR=0.930, 95% CI=0.799-1.083, p 
=0.350; CC/CG vs GG: OR=0.944, 95% CI=0.859-
1.036, p=0.224) (Table 2).

Publication bias and sensitivity analysis

We performed a sensitivity analysis to ex-
plore the influence of individual studies on the 
collected results by deleting a single study from 
the pooled analysis once at a time. The results 
showed that no individual study significantly af-
fected the pooled OR (Figure 2). Publication bias 
was assessed by Begg’s funnel plot and Egger’s 
test. No apparent publication bias was assessed in 
VEGF +405G/C polymorphisms (VEGF +405G/T C 
vs G: Begg’s test: p= 0.787; Figure 3).

Discussion

Angiogenesis is vital for the growth of micro-

Table 2. Results of meta-analysis for VEGF +405G/T polymorphism and breast cancer risk

Comparison Population Number Test of association p value Model Test of heterogeneity

OR 95%CI p value I-square (%)

C vs. G Overall 10 1.001 0.896-1.119 0.987 R 0 75.8

Asian 5 1.009 0.785-1.298 0.941 0 87.7

Caucasians 3 0.952 0.887-1.022 0.174 0.518 0

Mix 2 1.048 0.899-1.221 0.552 0.733 0

CC vs. GG Overall 10 1.006 0.853-1.186 0.997 R 0.041 48.6

Asian 5 0.977 0.702-1.361 0.892 0.011 69.3

Caucasians 3 0.907 0.773-1.604 0.231 0.601 0

Mix 2 1.230 0.866-1.746 0.247 0.664 0

CG vs. GG Overall 10 0.985 0.823-1.178 0.779 R 0 81

Asian 5 1.062 0.698-1.616 0.328 0 90.3

Caucasians 3 0.952 0.862-1.051 0.521 0.633 0

Mix 2 0.870 0.570-1.329 0.865 0.071 69.3

CC vs. CG/
GG Overall 10 1.019 0.921-1.127 0.722 F 0.150 32.3

Asian 5 1.055 0.909-1.224 0.485 0.116 46

Caucasians 3 0.930 0.799-1.083 0.350 0.709 0

Mix 2 1.315 0.945-1.828 0.104 0.248 25.1

CC/CG vs. 
GG Overall 10 0.985 0.835-1.162 0.862 R 0 80.4

Asian 5 1.028 0.703-1.504 0.887 0 90.2

Caucasians 3 0.944 0.859-1.036 0.224 0.542 0

Mix 2 0.952 0.709-1.276 0.74 0.181 44.1

OR: odds ratio, CI: confidence interval, F: fixed-effects models, R: random-effects models
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Figure 2. Sensitivity analysis of overall odds ratio coefficients for VEGF +405G/T (CC vs GG). Results were cal-
culated by omitting each study in turn. The two ends of the dotted lines represent the 95%CI.

Figure 3. Begg’s funnel plot for publication bias test (VEGF +405G/T C vs G). Each point represents a separate 
study for the indicated association. The circles represent the weight of individual study.
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scopic cancers into larger tumors, which is largely 
controlled via VEGF by various mechanisms, such 
as effects on the process of endothelial cell prolif-
eration, survival, and cell migration [35,36]. Up-
regulation of VEGF is associated with the occur-
rence and development of malignant neoplasms 
as in vitro and in vivo experiments have shown; 
furthermore, a few of potentially functional SNPs 
which are located in VEGF have revealed to be re-
lated to VEGF  gene expression [37]. One of them, 
the +405G/C polymorphism, which is located in 
the potential binding site for MZF1 transcription 
factor in the 5’UTR of VEGF, has been identified 
as remarkably associated with VEGF protein pro-
duction [8]. It has been illustrated that this pol-
ymorphism can alter the activity of the internal 
ribosome entry site (IRES)-B domain which is 
crucial for the expression of the VEGF A isoform, 
influencing the expression at the post-transcrip-
tional level [38,39]. 

To date, although many efforts have been 
made to illustrate the association between VEGF 
+405G/C polymorphisms and BC risk, the results 
remain controversial. In this study, we employed 
a meta-analysis to assess of the association be-
tween VEGF +405G/C polymorphisms and BC risk 
by critically reviewing 10 studies (8,855 cases 
and 9,393 controls). Heterogeneity and sensitiv-
ity analyses were also performed to ensure the 
eligibility of the analysis. However, no significant 
association was obtained by the meta-analysis 
on the relationship between the polymorphisms 
+405G/C in VEGF and BC risk in the overall pop-
ulations under 5 genetic models. Furthermore, in 
the subgroup analysis by ethnicity, there was also 
a lack of association between the polymorphism 
and BC risk in Asians, Caucasians and mixed 
groups. 

Although we performed a comprehensive in 
silico search for all available eligible studies and 
provided an overview of the association between 
VEGF +405G/C polymorphisms and BC suscep-
tibility, there are still some limitations in our 
meta-analysis which should be noted. First, the 
number of studies and the sample size were con-

siderably small, resulting in insufficient strength 
which is unable to uncover slight effects on BC. 
Second, most of the included studies are from 
Asians and the considerably small sample size in 
Caucasians might cause inconspicuousness. Third, 
data was largely unavailable for Africans. Further-
more, these samples were not uniformly defined. 
Several studies used controls that were popula-
tion-based, while others were hospital-based, 
which may not represent the general population. 
Lastly, the original data of the eligible studies 
was unavailable, which makes it difficult to eval-
uate the roles of some special environmental fac-
tors and different lifestyles, such as diet, alcohol 
consumption, and smoking, and particularly, the 
status of estrogen receptor (ER), progesterone re-
ceptor (PR) and HER2, which are closely related 
to the prognosis of patients after surgery and can 
help guide therapy options [40].

In summary, our meta-analysis has success-
fully indicated absence of association between 
VEGF +405G/C polymorphism and BC risk in all 
ethnic groups; no persuasive evidence of asso-
ciation between the polymorphism and BC was 
detected in the pooled analyses. However, more 
studies with larger sample size, especially Afri-
cans, are required to further assess the associa-
tions of VEGF +405G/C polymorphisms with the 
BC susceptibility in order to refine the investiga-
tion on this interesting issue.

Acknowledgements

The work by Z.C. and S.W. was support-
ed by the Natural Science Foundation of China 
81301740, as well as the Shenzhen Second Peo-
ple’s Hospital, Clinical Medicine College of Anhui 
Medical University.

Author contributions

Z.C., S.W. and Y.W. accessed information from 
literature for this article. M.Z., X.W., D.Z., Y.C., W.L. 
and X.W. contributed in the writing, discussing, 
and editing the manuscript.



No association between +405G/C polymorphism in VEGF and breast cancer976

JBUON 2015; 20(4): 976

1.	 Jemal A, Bray F, Center MM et al. Global cancer statis-
tics. CA Cancer J Clin 2011;61:69-90.

2.	 Ferlay J, Soerjomataram I, Dikshit R et al. Cancer in-
cidence and mortality worldwide: Sources, methods 
and major patterns in GLOBOCAN 2012. Int J Cancer 
2014;136:359-386.

3.	 Ferrara N, Gerber HP, LeCouter J. The biology of VEGF 
and its receptors. Nat Med 2003;9:669-676.

4.	 Ferrara N. Vascular endothelial growth factor as a tar-
get for anticancer therapy. Oncologist 2004;9 (Suppl 
1):2-10.

5.	 Morabito A, Sarmiento R, Bonginelli P et al. An-
tiangiogenic strategies, compounds, and early clini-
cal results in breast cancer. Crit Rev Oncol Hematol 
2004;49:91-107.

6.	 Vincenti V, Cassano C, Rocchi M et al. Assignment of 
the vascular endothelial growth factor gene to human 
chromosome 6p21.3. Circulation 1996;93:1493-1495.

7.	 Brogan IJ, Khan N, Isaac K et al. Novel polymorphisms 
in the promoter and 5’ UTR regions of the human vas-
cular endothelial growth factor gene. Hum Immunol 
1999;60:1245-1249.

8.	 Watson CJ, Webb NJ, Bottomley MJ et al. Identifi-
cation of polymorphisms within the vascular en-
dothelial growth factor (VEGF) gene: correlation 
with variation in VEGF protein production. Cytokine 
2000;12:1232-1235.

9.	 Al-Moundhri MS, Al-Nabhani M, Burney IA et al. Gas-
tric cancer risk predisposition and prognostic signif-
icance of vascular endothelial growth factor (VEGF) 
gene polymorphisms--a case-control study in an Om-
ani population. Mol Carcinog 2009;48:1170-1176.

10.	 Chae YS, Kim JG, Sohn SK et al. Investigation of vas-
cular endothelial growth factor gene polymorphisms 
and its association with clinicopathologic characteris-
tics in gastric cancer. Oncology 2006;71:266-272.

11.	 Tzanakis N, Gazouli M, Rallis G et al. Vascular en-
dothelial growth factor polymorphisms in gastric 
cancer development, prognosis, and survival. J Surg 
Oncol 2006;94:624-630.

12.	 Zhou Y, Li N, Zhuang W et al. Vascular endothelial 
growth factor (VEGF) gene polymorphisms and gas-
tric cancer risk in a Chinese Han population. Mol Car-
cinog 2011;50:184-188.

13.	 Dassoulas K, Gazouli M, Rizos S et al. Common poly-
morphisms in the vascular endothelial growth factor 
gene and colorectal cancer development, prognosis, 
and survival. Mol Carcinog 2009;48:563-569.

14.	 Hofmann G, Langsenlehner U, Renner W et al. Com-
mon single nucleotide polymorphisms in the vascular 
endothelial growth factor gene and colorectal cancer 
risk. J Cancer Res Clin Oncol 2008;134:591-595.

15.	 Maltese P, Canestrari E, Ruzzo A et al. VEGF gene 
polymorphisms and susceptibility to colorectal can-
cer disease in Italian population. Int J Colorectal Dis 
2009;24:165-170.

16.	 Chae YS, Kim JG, Sohn SK et al. Association of vascular 
endothelial growth factor gene polymorphisms with 

susceptibility and clinicopathologic characteristics of 
colorectal cancer. J Korean Med Sci 2008;23:421-427.

17.	 Zhai R, Liu G, Asomaning K et al. Genetic polymor-
phisms of VEGF, interactions with cigarette smoking 
exposure and esophageal adenocarcinoma risk. Car-
cinogenesis 2008;29:2330-2334.

18.	 Kammerer PW, Toyoshima T, Eletr S et al. Single 
nucleotide polymorphisms of the vascular endothe-
lial growth factor gene associated with incidence 
of oral squamous cell carcinoma. J Oral Pathol Med 
2010;39:786-792.

19.	 Sa-Nguanraksa D, Chuangsuwanich T, Pongpruttipan 
T et al. Vascular endothelial growth factor 634G/C pol-
ymorphism is associated with increased breast cancer 
risk and aggressiveness. Mol Med Rep 2013;8:1242-
1250.

20.	 James R, Ramesh G, Krishnamoorthy L et al. Preva-
lence of +405G>C,-1154G>A Vascular Endothelial 
Growth Factor Polymorphism in Breast Cancer. Indi-
an J Clin Biochem 2014;29:21-28.

21.	 Higgins JP, Thompson SG. Quantifying heterogeneity 
in a meta-analysis. Stat Med 2002;21:1539-1558.

22.	 DerSimonian R, Laird N. Meta-analysis in clinical tri-
als. Control Clin Trials 1986;7:177-188.

23.	 Zamora-Ros R, Rothwell JA, Scalbert A et al. Dietary 
intakes and food sources of phenolic acids in the Eu-
ropean Prospective Investigation into Cancer and Nu-
trition (EPIC) study. Br J Nutr 2013;110:1500-1511.

24.	 Tobias A, Campbell MJ. Modelling influenza epidem-
ics in the relation between black smoke and total mor-
tality. A sensitivity analysis. J Epidemiol Community 
Health 1999;53:583-584.

25.	 Egger M, Davey Smith G, Schneider M et al. Bias in 
meta-analysis detected by a simple, graphical test. 
BMJ 1997;315:629-634.

26.	 Begg CB, Mazumdar M. Operating characteristics of a 
rank correlation test for publication bias. Biometrics 
1994;50:1088-1101.

27.	 Jin Q, Hemminki K, Enquist K et al. Vascular endothe-
lial growth factor polymorphisms in relation to breast 
cancer development and prognosis. Clin Cancer Res 
2005;11:3647-3653.

28.	 Luo T, Chen L, He P et al. Vascular endothelial growth 
factor (VEGF) gene polymorphisms and breast cancer 
risk in a Chinese population. Asian Pac J Cancer Prev 
2013;14:2433-2437.

29.	 Jacobs EJ, Feigelson HS, Bain EB et al. Polymor-
phisms in the vascular endothelial growth factor gene 
and breast cancer in the Cancer Prevention Study II 
cohort. Breast Cancer Res 2006;8:R22.

30.	 Oliveira C, Lourenco GJ, Silva PM et al. Polymorphisms 
in the 5’- and 3’-untranslated region of the VEGF gene 
and sporadic breast cancer risk and clinicopathologic 
characteristics. Tumour Biol 2011;32:295-300.

31.	 Balasubramanian SP, Cox A, Cross SS et al. Influ-
ence of VEGF-A gene variation and protein levels in 
breast cancer susceptibility and severity. Int J Cancer 
2007;121:1009-1016.

References 



No association between +405G/C polymorphism in VEGF and breast cancer 977

JBUON 2015; 20(4):977

32.	 Kapahi R, Manjari M, Sudan M et al. Association of 
+405C>G and +936C>T polymorphisms of the vas-
cular endothelial growth factor gene with sporadic 
breast cancer in North Indians. Asian Pac J Cancer 
Prev 2014;15:257-263.

33.	 Kataoka N, Cai Q, Wen W et al. Population-based 
case-control study of VEGF gene polymorphisms and 
breast cancer risk among Chinese women. Cancer Epi-
demiol Biomarkers Prev 2006;15:1148-1152.

34.	 Pharoah PDP, Tyrer J, Dunning AM et al. Association 
between Common Variation in 120 Candidate Genes 
and Breast Cancer Risk. PLoS Genet 2007;3:e42.

35.	 Carmeliet P, Jain RK. Angiogenesis in cancer and oth-
er diseases. Nature 2000;407:249-257.

36.	 Ferrara N. Vascular endothelial growth factor: basic sci-
ence and clinical progress. Endocr Rev 2004;25:581-611.

37.	 Kapahi R, Guleria K, Sambyal V et al. Vascular en-
dothelial growth factor (VEGF) gene polymorphisms 
and breast cancer risk in Punjabi population from 
North West India. Tumour Biol 2014;35:11171-11181.

38.	 Huez I, Bornes S, Bresson D et al. New vascular en-
dothelial growth factor isoform generated by internal 
ribosome entry site-driven CUG translation initiation. 
Mol Endocrinol 2001;15:2197-2210.

39.	 Bastide A, Karaa Z, Bornes S et al. An upstream open 
reading frame within an IRES controls expression 
of a specific VEGF-A isoform. Nucleic Acids Res 
2008;36:2434-2445.

40.	 Audeh MW. Novel treatment strategies in triple-neg-
ative breast cancer: specific role of poly(adeno-
sine diphosphate-ribose) polymerase inhibition. 
Pharmgenomics Pers Med 2014;7:307-316.


