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A B S T R A C T

Background: Vascular endothelial growth factor (VEGF) is a key mediator of angi-
ogenesis which could act as an invasion factor. The aim of this study was to compare 
the frequency of alleles and genotypes of three polymorphisms in the VEGF gene, the 
460T/C, 1154G/A, and 634G/C, between female breast cancer patients and healthy 
women as controls.
Methods: In this hospital-based case-control study, we recruited 214 pathologically 
proven female breast cancer cases and 161 healthy women subjects. The candidate 
VEGF gene polymorphisms were -634G/C (rs2010963), -460T/C (rs833061) and 
-1154G/A (rs1570360). Frequency of genotypes was determined by TaqMan real-time 
PCR allelic discrimination assay. Univariable and multivariable logistic regressions 
model were used to assess the odds ratios and corresponding confidence intervals. 
Relative excess risk due to interaction (RERI) was used to check potential additive 
interactions.
Results: The frequency of VEGF -1154G/A genotype in the case and control groups 
was 39.1 and 37.8%, respectively (P-value = 0.94). The frequency of combined -1154 
AA/GA variant genotypes compared with the VEGF -1154 GG genotype in case and 
control groups was 48.8 and 49.4%, respectively (P-value = 0.94). Similarly, for the 
other two VEGF SNPs, -460T/C and -1154G/A, no significant differences were ob-
served in genotype distributions between patients and controls. Moreover, we did not 
find interaction between VEGF SNPs and age for occurrence of breast cancer: RERI 
was 0.78 (95% CI: 0.47-2.03), attributable proportion (AP) due to interaction was 0.37 
(95% CI: -0.13-0.88); and synergy index was 3.58 (95% CI: 0.12-106).
Conclusion: The results suggest that none of the studied polymorphisms in the VEGF 
gene were associated with occurrence of breast cancer in a sample of female Iranian 
adults. Larger studies are warranted to confirm the results and evaluate gene-environ-
ment interactions. 
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INTRODUCTION:

Breast cancer is one of the most frequently 
diagnosed cancers worldwide. Although it 
is considered a cancer of the Western life-

style, nowadays more than half of new breast can-
cer cases (52%) and 62% of breast cancer deaths 
are reported from developing countries1-3. The mo-
lecular mechanism that induces or develops breast 
cancer remains to be fully understood. It has been 
demonstrated that genetic factors have significant 
effects on the development of breast cancer4-6. In 
addition, other risk factors such as environmen-
tal, occupational and even infectious agents have 
been suggested to influence this disease2. 
Angiogenesis plays a central role in both local tu-
mor growth and distant metastasis7,8. Newly formed 
blood vessels supply the tumor with nutrients and 
oxygen, dispose of the metabolic waste products 
of tumor cells, and provide potential routes for tu-
mor dissemination9. Tumors promote angiogene-
sis by secreting or activating angiogenic factors 
such as VEGF10, therefore VEGF acts as a sur-
vival signal for the tumor cells. It is suggested that 
VEGF serves as an important prognostic biomark-
er in different tumors including breast cancer11.
The VEGF gene is located on chromosome 6p21.3 
and comprises a 14-kb coding region with eight 
exons12. Several SNPs have been identified in the 
VEGF gene13-15. Polymorphisms in the VEGF gene 
could be associated with altered expression and 
secretion of this factor or may correlate with the 
VEGF protein expression in cancer cells16-18. It is 
also reported that SNPs in the 5’- and 3’-untrans-
lated region (UTR) of the VEGF gene could affect 
protein translation efficiently and tumor tissue 
expression of VEGF-A; thus, it may be associat-
ed with cancer risk development19. There is also 
evidence showing association of VEGF polymor-

phisms and the risk of breast cancer in different 
populations20-22. 
We investigated the association between three 
SNPs of the VEGF gene: –460T/C (rs833061), 
–1154G/A (rs1570360) localized in the promoter 
region, and –634G/C (rs2010963) in the 5’-UTR 
region and breast cancer risk in Iranian women. 

METHODS:

Study population 

A total of 375 subjects, consisting of 214 histo-
pathologically confirmed female breast cancer 
patients and 161 healthy women as controls were 
recruited consecutively from July 2011 to Febru-
ary 2014 at the Cancer Institute of Iran, Tehran, 
Iran. The diagnosis of breast cancer was based 
on pathological examination of the tissue or bi-
opsies of the tumor. The control group consisted 
of healthy women who were visiting non-cancer 
patients at Imam Khomeini hospital. The controls 
were selected from the same region to represent 
the target population (Iranian women). The study 
was approved by the Ethics Committee of Tehran 
University of Medical Sciences (code No. 12853) 
and written informed consent was obtained from 
all subjects for participation in the study.  

DNA extraction and genotyping analysis

Genomic DNA was extracted from peripheral 
blood leukocytes using proteinase K phenol-chlo-
roform extraction procedure23. The extracted DNA 
was stored at −20 °C until analyzed. DNA purity 
and concentrations were determined by spectro-
photometric measurement of absorbance at 260 
and 280 nm by UV spectrophotometer. 
The three selected VEGF SNPs [–460T/C 
(rs833061), –1154G/A (rs1570360), –634G/C 
(rs2010963)] were genotyped using a TaqMan 
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real-time PCR allelic discrimination assay. An ABI 
Prism 7300 Sequence Detection System (Applied 
Biosystems, Foster City, USA) was used in accord-
ance with the instructions provided by the manu-
facturer. The allelic call was performed by the anal-
ysis of allelic discrimination plots using, ABI SDS V 
1.4 software.

Statistical analysis

Chi-square test was used to evaluate deviations 
from Hardy-Weinberg Equilibrium. To assess the 
difference in genotype and allele frequencies be-
tween the cases and controls, odds ratio and logis-
tic regressions (univariable and multivariable) were 
used. Interaction was evaluated using interaction 
term (multiplicative interaction) and RERI was as-
sessed to check for additive interaction. RERI can 
be interpreted as the excess risk due to interaction 
relative to the risk without exposure24.  P-value ≤ 
0.05 was considered significant. All analyses were 
performed using STATA12. 

RESULTS:
A total of 214 breast cancer patients and 161 
healthy individuals entered in the final analysis. All 
the research subjects were female and predomi-
nantly middle-aged at the time of diagnosis (mean 
age: 48.38 ± 10.65 years in the patients and 44.54 
±10.65 years in the control group) (Table 1). 
The distribution of genotypes for the three polymor-
phisms studied here conformed to the Hardy-Wein-
berg Equilibrium for both patients and healthy con-
trols (P>0.05). The genotype frequencies for the 
VEGF –460T/C, –1154G/A and –634G/C SNPs are 
shown in Table 2. The number of samples analyz-
ed for each polymorphism was not exactly equal, 
because the Taqman assay did not work for a few 
samples.

The frequency of VEGF -1154A/G genotype in case 
and control groups was 39.1 and 37.8%, respec-
tively (P-value = 0.94). The frequency of combined 
-1154 AA/GA variant genotypes compared with 
the VEGF -1154 GG genotype in case and control 
groups was 48.8 vs. 49.4% (P-value =0.94). The 
frequency of VEGF -460T/C genotype in case and 
control groups was 15.2 and 20.6%, respectively 
(P-value =0.24). The frequency of VEGF -634C/G 
genotype in case and control groups was 42.3 and 
47.2%, respectively (P-value =0.44). There was 
not any significant difference in genotype distribu-
tions of the studied VEGF polymorphisms between 
patients and controls. No significant difference was 
observed for the genotype distributions of all the 
studied polymorphisms between women aged less 
than 50 years and those above that. Furthermore, 
no significant association was found between the 
SNPs and breast cancer in the age categories (Ta-
ble 3).
Additive interaction between age and the -460T/C 
polymorphism was also tested, but no statistical 
significance interaction was observed; RERI was 
0.78 (95% CI: 0.47, 2.03), attributable proportion 
(AP) due to interaction was 0.37 (95% CI: -0.13, 
0.88) and synergy index was 3.58 (95% CI: 0.12, 
106).
The results did not change significantly when we 
adjusted for breast cancer risk factors including 
marital status, age at menarche, age at meno-
pause, family history of breast cancer, educational 
level, body mass index (BMI) and estrogen or pro-
gesterone receptor status.

DISCUSSION:
The association of VEGF gene polymorphisms 
with disease risk has attracted much attention be-
cause VEGF is a major mediator of angiogenesis 
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Table 1. Demographic characteristics of study subjects at diagnosis

Variables Patients (214) Controls (161)

Age 50.61 ± 11.46 46.85 ±10.70 

First pregnancy age 20.38±5.84 20 ±4.5 

BMI*
  Underweight 0.96% 1.86%

  Normal 29.95% 21.11%
  Overweight 41.06% 39.13%

  Obese 28.01% 37.88%

Marital status
  Single 178 (83.17%) 18 (11.18%)

  Married 16 (7.47%) 128 (79.50%)
  Divorced 6 (2.8%)  15 (9.31%)
  Widow 14 (6.54%) 0 (0%)

Education 
  Illiterate 45 (21.13%) 29 (18.13%)
  Primary 68 (31.92%) 104 (65%)

  Secondary 28 (13.15%) 23 (14.38%)
  High school 46 (21.60) 4 (2.5%)
  Academic 26 (12.21%) 0 (0%)

Family History of Breast Cancer
  Yes 41 (20.60%) 11 (6.88%)
  No 156 (78.39%) 149 (93.13%)

  Missing 4 (1.01%) 0 (0%)

Age at Menarche
  <12 years 30 (14.29%) 12(7.59%)

  12-15 years 134(63.81%)  132(83.54%)
  >15 years 18(8.57%)  14(8.86%)
  Missing 28 (13.33%) 0(0%)

*BMI, body mass index.
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and plays a significant role in development of solid 
tumors25. Several studies have evaluated the asso-
ciation of VEGF polymorphisms with breast cancer 
risk, but the results have been inconsistent26-28.
We investigated the association between three 
VEGF gene polymorphisms (the 634G/C, 460T/C, 
and 1154G/A) with breast cancer risk in a group of 
female breast cancer patients and healthy controls. 
We found almost similar frequencies of the studied 

VEGF SNPs genotypes in our patients and controls. 
This finding is consistent with some previous stud-
ies26, 29, 30. In a case-control study of 1,093 Chinese 
women with breast cancer and 1,184 age-matched 
controls, Kataoka et.al. did not observe any signifi-
cant difference between patients and controls in the 
distribution of VEGF -460T/C polymorphism which 
is in line with our findings. They suggested that the 
VEGF 936 C/T polymorphism might be a suscepti-

Table 2. Genotype frequencies of VEGF gene, the 460T/C, 1154G/A, and 634G/C  
polymorphisms among women with breast cancer and healthy female individuals.

Polymorphism/
 genotype Cases (%) Controls 

(%) OR* 95%CI** P

1154G/A
G/G 63 (51.2) 39 (50.6) Reference§

A/A 12 (9.7) 9 (11.6) 0.825 0.318, 2.138 0.693
G/A 48 (39.1) 29 (37.8) 1.024 0.556, 1.885 0.938

1154G/A combined variants
G/G 63 (51.2) 39 (50.6) Reference§

A/A & G/A 60 (48.8) 38 (49.4) 0.977 0.552, 1.727 0.937

460T/C
T/C 92 (48.5) 59 (45.1) Reference§

C/C 29 (15.2) 27 (20.6) 0.983 0.597, 1.617 0.237
T/T 69 (36.3) 45 (34.3) 0.688 0.371, 1.277 0.947

460T/C combined variants
C/C 27 (20.6) 29 (15.2) 0.693 0.388, 1.238 0.216

T/T & T/C 104 (79.4) 161 (84.8) Reference§ 0.807, 2.572

634G/C
G/C 86 (42.3) 67 (47.2) 0.827 0.511, 1.38 0.440
C/C 42 (20.5) 26 (18.3) 1.041 0.567, 1.910 0.896
G/G 76 (37.2) 49 (34.5) Reference§

634G/C combined variants
C/C 42 (20.5) 26 (18.3) 1.156

0.671, 1.993 0.600
G/G & G/C 162 (79.5) 116 (81.7) Reference§

*OR, odds ratio;**CI, confidence interval.



Basic & Clinical Cancer Research, 2017; 9(1): 12-20  www.bccrjournal.com

17

Association Study between Single Nucleotide ... 

bility factor for breast cancer among Chinese wom-
en26. In another large case-control study involving 
571 familial breast cancer cases, 974 unselected 
breast cancer cases together with ethnically and 
geographically selected controls, the associations 
between four VEGF SNPs (the -1154G/A, -634G/C, 
-2578C/A, and 936C/T) and breast cancer suscep-
tibility were investigated in Swedish breast cancer 
patients. The findings suggested that VEGF is more 
likely to alter the aggressiveness of the tumor rather 
than susceptibility to cancer29. In another study per-
formed in India, no association was observed be-
tween individual polymorphisms of VEGF -1154G/A 
or -634G/C SNP and breast cancer risk among 200 
cases and 200 controls30. 

In the present study, no association was found be-
tween VEGF -634G/C polymorphism and occur-
rence of breast cancer. In contrast to our study, a 
few studies reported a positive significant associa-
tion of -634G/C genotype or VEGF production with 
different cancer types19, 31, 32. Maltese et al  reported 
the association of -634G/C genotype with reduced 
risk of colorectal cancer in an Italian study popu-
lation consisting of 302 cases and 115 controls31. 
A hospital-based case-control study from Brazil on 
235 sporadic female breast cancer patients and 
235 controls investigated the influence of the VEGF 
936CT and 634GC polymorphisms on the incidence 
and clinicopathologic characteristics of sporadic 
breast cancer. Their data indicated that the VEGF 

Table 3. Genotype frequencies of VEGF gene, the 460T/C, -634G/C and 1154G/A 
polymorphisms among women aged <50 and ≥50 years with breast cancer and 

healthy female controls.

SNP
Age<50 Age≥50

Case (%) Controls 
(%)

OR* 
(95%CI**) P Cases 

(%)
Controls 

(%)
OR* 

(95%CI**) P

-460T/C (rs833061)
TT 25 (29.76) 27 (34.62) 0.65 0.238 44 (41.51) 18 (33.96) 1.42 0.333

TC (0.30-1.41) 0.238 44 (41.51) 48 (45.28) 28 (52.83) (0.65-3.13)

CC 44 (52.38) 31 (39.74) Reference 0.121 14 (13.21) 7 (13.21) Reference 0.767

-634G/C(rs2010963)
GG 40 (44.44) 33 (39.29) Reference (0.38-3.83) 16 (27.59) Reference
CG 32 (35.56) 36 (42.86) 0.73 0.358 1.16 31 (53.45) 0.77 0.495

CC (0.35-1.49) 0.767 0.99
(0.40-2.46) 0.981 (0.34-1.71) 0.948

-1154G/A (rs1570360)

GG 22 (44) 22 (47.83) Reference 41 (56.16) 17 (54.84) Reference

GA 23 (46) 17 (36.96) 1.35 0.491 25 (34.25) 12 (38.71) 0.86 0.747

AA (0.52-3.50) 45 (34.3) 0.688 0.608 (0.32-2.34) 0.660

*OR, odds ratio;**CI, confidence interval.
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variant 634CC and wild 936CC genotypes consti-
tute inherited elements of sporadic breast cancer 
and sporadic breast cancer aggressiveness in Bra-
zil19. Watson et al. demonstrated that the genotype 
for the -634G/C polymorphism in the VEGF gene is 
significantly correlated with VEGF production from 
stimulated peripheral blood mononuclear cells32. 
They reported that a G allele at position -634 af-
fects transcriptional activity and increases VEGF 
production in peripheral blood mononuclear cells 
in response to lipopolysaccharide32. -634G/C is lo-
cated in the 5’-untranslated regions of VEGF gene; 
considering the existence of different transcription-
al binding factors in the 5’-untranslated region of 
VEGF, the regulation of gene transcription would be 
complicated33. In addition, it was reported that differ-
ent SNPs in the 5’-untranslated region of the VEGF 
gene affect inter-individual variation in expression 
of VEGF and might influence the pathogenesis of 
tumors34.
Our results showed no differences in the frequen-
cies of -1154G/A SNP between breast cancer and 
control group. The -1154G/A and -460T/C SNPs 
are located in the promoter region of VEGF gene. A 
number of studies have indicated that the presence 
of these two SNPs in the promoter region of the 
VEGF gene is related to VEGF protein production 
18, 32, 35. Some reports indicated that high levels of 
VEGF expression and increased micro-vessel den-
sity in tumors are associated with advanced stage 
disease and worse prognosis for various types of 
tumors36, 37. Furthermore, it has been shown that dif-
ferent SNPs in the VEGF gene do not affect diseas-
es such as type 1 diabetic retinopathy and cardio-
myopathy, as in these diseases, angiogenesis does 
not play an important role in pathogenesis38. 
Few epidemiological studies have addressed the 
gene-environment interaction of breast cancer, 
as most of them have assessed the interaction of 

smoking and some genes. Here, the interaction of 
age (more and less than 50 years old) and -460T/C 
SNP was assessed and no additive or multiplicative 
interaction was observed. However, this study was 
small, and the results of interaction have not been 
confirmed or refuted. The most recent investigation 
from the Breast Cancer Association Consortium 
(BCAC) worked on few SNPs in 58573 subjects in-
cluding 26968 cases and 31605 controls. The au-
thors tested the interaction of 8q23-rs13267382 and  
age of  at the first full-term pregnancy and indicated 
significant interaction, particularly at the ages of 20 
to 24 years old and over 30 years (Pint=2.6×10-4)39. A 
large population-based case-control study conduct-
ed on Chinese women in Shanghai (1,093 cases 
and 1,184 age-matched controls) indicated no sta-
tistically significant association or apparent interac-
tion for -460T/C in relation to breast cancer risk26. 
The main limitation of this study was the sample 
size and thus, the observed results could be due to 
type II error. 
In conclusion, we failed to find any significant asso-
ciation between polymorphisms in the VEGF gene 
and breast cancer in Iran. Larger studies are need-
ed to confirm the results of this study and to evalu-
ate the gene-environment interaction. 
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