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2. ABSTRACT

Breast cancer (BC) is the most common cause of cancer-related death in women
worldwide. Several ABCB1 and VEGFA gene polymorphisms, such as ABCB1-G1199T/A
(rs2229109), VEGFA -634 G>C (rs2010963), VEGFA 2578 C>A (rs699947) and VEGFA 7
C>T (rs25648) have been associated with risk of BC and clinical outcomes. The purpose
of this study was to evaluate the association between these gene polymorphisms and
BC risk and prognosis.

A retrospective case-control study was conducted, including 84 BC cases and 119
controls of Spanish (European, Caucasian) origin. ABCB1-G1199T/A (rs2229109), VEGFA
-634 G>C (rs2010963), VEGFA 2578 C>A (rs699947) and VEGFA 7 C>T (rs25648) gene
polymorphisms were analysed by TagMan®.

The genotypic logistic regression model adjusted by aged revealed no association with
any of the polymorphisms and BC risk, although the C-allele of VEGFA 2578 C>A showed
a trend to higher BC risk in the allelic and recessive models (p =0.055 and 0.054,
respectively). There was no influence of these gene polymorphisms on overall survival
(OS). The univariate Cox model showed that carriers of the A-allele for VEGFA 2578 C>A
tended to have longer OS compared to CC patients (CC vs A-allele Hazard ratio (HR):
2.08; Clos%=0.96-4.49; p =0.0587). There was no association between the gene
polymorphisms analysed and disease-free survival (DFS). The univariate Cox model
showed a trend toward a longer DFS in patients carrying ABCB1-G1199T/A GG genotype
compared to those with A-allele (GG vs A-allele HR: 0.43; Clos%=0.18-1.03; p =0.0612).



No influence of ABCB1-G1199T/A (rs2229109), VEGFA -634 G>C (rs2010963), VEGFA
2578 C>A (rs699947) and VEGFA 7 C>T (rs25648) gene polymorphisms on risk of
developing BC was found in our study. There was no association between the

polymorphisms studied and DFS and OS.
3. INTRODUCTION

Breast cancer (BC) is the most common cause of cancer-related death in women
worldwide (1). Although the etiology of this illness is not completely understood, it is
known that genetic components have an important contribution to the development of
the disease (2). In the recent decades, many studies have explored the association
between some genetic biomarkers potentially involved in BC susceptibility, such as the
ATP-binding cassette, B1 (ABCB1) and the vascular endothelial growth factor A (VEGFA)
(3,4).

The ABCB1 gene encodes the P-glycoprotein, which is an efflux pump for some
antineoplastic agents, resulting in a mechanism of resistance to chemotherapy (5,6).
Three single nucleotide polymorphisms (SNPs), referred as C1236T (rs1128503), C3435T
(rs1045642) and G2677T/A (rs2032582), are the most widely studied in ABCB1 (7).
However, another polymorphism located in the ABCB1 gene (-G1199T/A or rs2229109)
has not already been studied as a risk factor for BC. This polymorphism has been
associated with colorectal cancer risk in a cohort of German women (11). The influence
of this polymorphism on clinical outcomes has been reported in other malignancies with
different results. Ninety patients with relapsed or refractory multiple myeloma treated
with lenalidomide showed a trend towards an increased time to progression when
carrying the ABCB1-G1199T/A A-variant (12). In ovarian cancer, while a shorter
progression free survival (PFS) was shown in 525 patients treated with carboplatin and
paclitaxel (13), no effect was observed in a cohort of 51 patients (14).

Angiogenesis is one of the mechanisms used by cancer cells to grow, invade and
disseminate the disease (15,16). The vascular endothelial growth factor A (VEGFA) is
able to induce angiogenesis stimulating specifically the vascular endothelial cells and
formation of new blood vessels (17). VEGFA is located in chromosome 6p21.3 and is

highly polymorphic (18). Some VEGFA polymorphisms have been identified as potential



breast cancer susceptibility gene polymorphisms, as -634 G>C (rs2010963), 2578 C>A
(rs699947) and 7 C>T (rs25648) (19).

The VEGFA -634 G/C polymorphism is correlated with VEGFA protein expression levels
(20). This polymorphism has not been associated with BC risk in several meta-analyses
performed in Caucasians and Asians (21,22) nor in Moroccan population (23). A
significant association between VEGF -634 G-allele and decreased BC susceptibility was
found in Asians, but not in Caucasians in a recent meta-analysis encompassing 9 studies
(7262 cases and 7380 controls) (24). According to clinical outcomes, the -634CC
genotype was a significant predictor of adverse prognosis compared to -634 G-allele
disease free survival (DFS) in a study of 116 HER2-positive BC patients treated with
trastuzumab (25). No effect of the VEGFA -634G/C polymorphism was observed on 5-
year survival in 446 Thai BC patients after univariate analysis. However, patients with
the -634C/C genotype had lower DFS compared with the homozygotes for the G-allele
(26).

A meta-analysis encompassing 7 studies (4572 cases/4652 controls) did not find
association between the VEGFA 2578C/A polymorphism and susceptibility to BC in any
of the genetic models tested either in the analysis by ethnicity (Asians and Caucasians)
(27). Two studies were published after this meta-analysis. An increased risk of BC was
observed in patients with VEGFA 2578 AA genotype and A-allele in 204 cases and 208
controls from North India (28). This effect of the A variant of VEGFA 2578 C/A as risk
factor for BC was also observed in an Iranian study (250 cases/215 controls) (29).

The role of VEGFA 2578 C/A polymorphism on DFS has been explored in a cohort of 890
Brazilian BC patients. The variant genotypes of VEGFA 2578 (CA + AA) were significantly
associated with shorter DFS among 309 patients treated with neoadjuvant
chemotherapy followed by mastectomy, whereas it did not show any effect on DFS in
the 581 BC patients treated with curative surgery (30). Two studies performed in
Caucasian and Asian BC patients found no significant results on DFS (25,26,31) nor in OS
(31).

The VEFGA 7C>T polymorphism has unsuccessfully been proposed as a candidate to
predict BC risk both in Caucasian and Asian population (32, 28). The VEGFA -7C>T CC

genotype failed as independent prognostic factor in multivariate analysis in a study of



116 HER2-positive BC patients treated with trastuzumab (25). However, it may influence
0S, as shown in 328 Caucasian BC patients (32).

The present study aimed to explore an ABCB1 and VEGFA SNPs as potential biomarkers
for BC risk and prognostic evaluation of clinical outcomes. Spanish (European,
Caucasian) women diagnosed with BC were evaluated for the association between
ABCB1 rs2229109 and VEGFA polymorphisms (634 G/C, 2578 C/A, 7 C>T) and their
impact on BC risk, DFS and OS.

4. MATERIAL AND METHODS

A retrospective case-control study was conducted for the investigation of BC risk, and a

cohort study for the sub-study of clinical outcomes in BC.
4.1. Study subjects

In total, 84 cases with a pathology-confirmed diagnosis of BC and 119 healthy female
donors who had no history of any cancer diseases (controls) were enrolled in the case-
control study. Patients' general characteristics and related risk factors were collected by
reviewing clinical records, including: age, menarche age, BC background, cancer stage at
diagnosis, nulliparity, menopause, tumour size, grade, hormonal receptors, ki67 antigen,
nodal involvement, number of involved nodes, molecular subtype, histological type and
trastuzumab treatment. This study was approved by the CHUG Ethics and Research
Committee and was performed conform the declaration of Helsinki. The staging system
used to classified tumours was based on the guidelines of the American Joint Committee

on Cancer (AJCC) (33).
4.2. Genetic variables
4.2.1. DNA isolation

Samples were obtained from the Hospital Universitario Virgen de las Nieves Biobank, a
part of the Sistema Sanitario Publico de Andalucia Biobank (Expedient number
#37130103). Blood samples (3 ml) were collected in BD Vacutainer® K3E Plus Blood
Collection Tubes. Five 7 um-sections of formalin-fixed, paraffin-embedded tissue (BC
tissue and adjacent normal breast tissue) were used to isolate DNA. The selection of the

most representative areas was made by two experienced breast pathologists (CCS and



EVA), and they were processed independently. Paraffin was removed by xylene-ethanol
extraction before processing for DNA isolation.

DNA was extracted using QlAamp DNA Mini Kit (QiagenGmBH, Hilden, Germany)
according to the manufacturer’s instructions for DNA purification from blood or tissue

and stored at -40°C.
4.2.2. Detection of gene polymorphisms

ABCB1-G1199T/A (rs2229109), VEGFA 634 G>C (rs2010963), VEGFA 2578 C>A (699947)
and VEGFA 7 C>T (rs25648) gene polymorphisms were analysed by Real-Time PCR using

TagMan® probes. Genotyping methodology was previously described (34).
4.3. Outcome variables

DFS was calculated as the time from cancer diagnosis to relapse, death or last known
follow-up.

OS was measured from time from cancer diagnosis until final follow-up or death.
4.4, Statistical Analysis

Descriptive analysis was performed using R 3.3.1 (35). Quantitative data were expressed
as the mean (+ standard deviation) for normally-distributed variables or medians and
percentiles (25 and 75) for non-normal distribution variables. Normality was assessed
by Shapiro-Wilks test. The t-Student test was applied for normally distributed variables,
and non-parametric Wilcoxon test otherwise. Bivariant association for qualitative
dichotomous variables was analysed with the Pearson’s chi-square or Fisher’s exact test.
The permutation test was applied for multiple comparisons. Multivariate Cox
proportional hazard regression model was used to obtain the adjusted HR and 95%
confidence interval (Closy) for potential prognostic factors for survival and progression.
The Kaplan-Meier method and the log-rank test were used to analyze associations
between survival and progression with demographic, clinical and genetic variables.

Hardy-Weinberg equilibrium and pairwise haplotype frequencies were estimated, and
Lewontin’s D prime (D’) and the linkage disequilibrium coefficient (r?) were calculated.
The bivariate association between BC risk and polymorphisms was assessed for multiple
models (genotypic, additive, allelic, dominant and recessive), using the Pearson’s chi-

square and Fisher’s exact test, and evaluated by OR and their corresponding 95% CI. The



models were defined as follows: allelic (D vs d), dominant ((DD, Dd) vs dd), recessive (DD
vs (Dd, dd)) and genotypic (DD vs Dd vs dd), being D the minor allele and d the major
allele. Permutation analysis (EMP1) was used for multiple comparisons, that compares
the observed statistic with 100,000 statistics obtained in permutations in the
correspondent SNP. To control the family-wise error rate when testing multiple SNPs,
the observed statistic was compared with the maximum of permuted statistics over all
SNPs (EMP2). Unconditional multiple logistic regression models (genotypic, dominant
and recessive) were considered to determine the influence of potential confounding
variables on the risk of breast cancer. All tests were two-sided with a significant level of
p<0.05, and were performed using the free, open-source whole genome association

analysis toolset PLINK or R 3.3.1 (35,36).
5. RESULTS
5.1. Patient characteristics

The study population comprised 84 Caucasian patients with HER2-positive BC who
received trastuzumab treatment and 119 controls. The patients’ clinical and
demographic characteristics are summarized in Table 1. The mean age at diagnosis was
52+13 years in cases and 65 [59.5-75] years in controls. Six patients (6/84; 7.1%) received
neoadjuvant trastuzumab as first line and fifty patients (50/84; 50.9%) as adjuvant
treatment. Thirty-six (36/84; 43.4%) patients presented nodal involvement and sixty
patients (60/84; 71.8%) were initially diagnosed with invasive ductal carcinoma. Thirty-
eight patients (38/83; 45.78%) had progesterone receptor (PR)-positive tumors and 48
patients (48/83; 57.83%) had estrogen receptor (ER)-positive tumors. Forty-seven
patients (47/82; 57.3%) had a molecular subtype luminal HER2.

A longer DFS and OS was associated to trastuzumab treatment as first line (HR: 0.25;
Clgs%: 0.013-0.48; p<0.001) and (HR: 0.21; Clgsy: 0.09-0.47; p<0.001), respectively (Tables
S1 and S2).

Tumour grade was associated with DFS (p=0.0206; Table S2). No other clinical and

demographic characteristics were associated to DFS or OS (tables S1 and S2).



5.2. Genotypes Distribution

All gene polymorphisms distributions were in Hardy-Weinberg equilibrium and were
similar to those described in the International HapMap Project. No linkage

disequilibrium was showed in any case.
5.3. Influence of gene polymorphisms on risk of BC

The bivariate analysis was performed in multiple models: genotypic, additive, allelic,
dominant and recessive (Table 2).

The genotypic logistic regression model adjusted by age revealed no statistical
association with any of the polymorphisms (Table 3). VEGFA 2578 C>A was the only gene
polymorphism which showed a trend to higher risk of BC in the allelic and recessive
model but it was not statically significant. In particular, patients carrying the C-allele
reported a trend to higher risk of BC versus those with AA genotype (p=0.054; OR=0.52;
Clos%=0.24, 1.06) or A allele (p=0.055; OR=0.68; Clos%=0.45, 1.00). A logistic regression
model adjusted by age and permutation analysis was used to further investigated the
impact of VEGFA 2578 C>A gene polymorphism on risk of BC. No association was found
in any of the analysis performed (Table 3 and 4). No other gene polymorphisms showed
an association to BC in any of the models tested (Table 2) but there was a trend to higher
risk in patients carrying C-allele of VEGFA 2578 C>A in the allelic and recessive models

(p value=0.055 and 0.054, respectively) (Table 4).
5.4. Influence of gene polymorphisms on OS

No gene polymorphisms showed influence on OS, although the univariate Cox model
showed that CC carriers for VEGFA 2578 C>A tended to shorter OS compared to A-allele
patients (CC vs A-allele HR: 2.08; Clgs5%=0.96-4.49; p value=0.0587) (Table 5). The Kaplan

Meier survival analysis is shown in Figures S1 and S2.
5.5. Influence of gene polymorphisms on DFS

There was no association between the gene polymorphisms analysed and DFS. The
univariate Cox model showed a trend toward a longer DFS in patients carrying ABCB1-
G1199T/A GG genotype comparing with those with A-allele (GG vs A-allele HR: 0.43;
Clgs%=0.18-1.03; p value=0.0612) (Table S3). Kaplan-Meier curve for DFS according to
ABCB1-G1199T/A gene polymorphism is shown in Figure S3.



6. DISCUSSION

It is thought that genetic components have an important role in the aetiology of BC.
Some genetic biomarkers referred as VEGFA 2578 C>A, 634 G>C and 7 C>T have been
studied as potentially factors involved in BC susceptibility with conflicting results (3,4).
The ABCB1 G1199T/A polymorphism, only studied in other cancer types, is a novel
variant to consider in BC. These polymorphisms were determined in 84 cases of BC and
119 controls of South Spanish Caucasian origin.

The ABCB1-G1199T/A (rs2229109) polymorphism was not associated with BC risk in our
study. There is only one study evaluating the association of this polymorphism and risk
of cancer, but in a cohort of colorectal cancer patients (11). Our study is the first one
performed in a BC population. The ABCB1-G1199T/A polymorphism was not associated
with OS in our study (Table S3), but a trend toward a longer DFS was observed in patients
carrying the ABCB1-G1199T/A GG genotype, compared with those with A-allele (GG vs
A-allele HR: 0.43; Clgs%=0.18-1.03; p value=0.0612) (Table S3, Figure S3). The influence
of this polymorphism and survival outcomes in BC patients had not been studied yet.

In our study, the VEGFA -634 G/C was not associated with BC risk. This is in agreement
with previous results in Moroccan population (23) and several meta-analyses (21,22,24).
The meta-analysis published by Ma et al. 2015 only found association of VEGFA -634 G/C
polymorphism and BC risk in Asian patients (GG vs C-allele OR: 0.74; 95% Cl: 0.62-0.87;
p<0.001). Hence, this association may not be extrapolated to the Caucasian population
as in our study.

Regarding to clinical outcomes, the VEGFA -634CC genotype was a significant predictor
of adverse prognosis compared to -634 G-allele in terms of DFS (CC vs G-allele HR:2.96;
95% Cl: 1.33—6.59; p = 0.008) in a study of 116 HER2-positive BC patients treated with
trastuzumab (25), and in a study of 446 Thai BC patients (CC vs GG HR: 3.05; 95% Cl:
1.35-6.87; p= 0.007) (26). We could not find association of VEGFA -634 G/C
polymorphism with DFS in our sub-cohort of BC patients. Despite the present study and
the one published by Maae et al. 2012 (25) were performed in Caucasian HER2-positive
BC patients, different characteristics between the two populations may explain the
discrepant results. Our cases are younger and with a higher proportion of patients

undergoing an adjuvant treatment. The 93.1% of their patients had a ductal carcinoma,



while only 72% of our patients presented this type of carcinoma. The axillary nodal
involvement was also lower in our study (43.5% vs 60%).

The VEGFA -634 G/C polymorphism was not associated to OS in our study, as reported
in a Thai population (5-year OS; p= 0.490) (26).

We could not find influence of VEGFA 2578 C/A polymorphism on BC risk, although a
trend to higher risk was shown in C-allele carriers in the allelic and recessive models (p
value=0.055 and 0.054, respectively) (Table 3). This lack of relevance on BC risk is in
agreement with the results of a meta-analysis encompassing 7 studies (4572 cases/4652
controls), which showed no significant association between the VEGFA 2578C/A
polymorphism and susceptibility to BC (AA vs CC OR: 1.03, 95%Cl: 0.91-1.15); AA vs GA:
(OR =0.99, 95%Cl: 0.89-1.10); recessive model: (OR: 1.03, 95%Cl: 0.94- 1.13); dominant
model: (OR: 1.00, 95%Cl: 0.90-1.10) (27). No confounding effect of ethnicity was shown,
since the stratified analysis either in Asians or Caucasians showed no significant
association (27). Two later studies have shown an increased risk of BC in patients
carrying the A-allele of VEGFA 2578C/A gene polymorphism (28,29). An increased risk of
BC was observed in patients carrying the VEGFA 2578 A-allele (28,29) and in patients
with VEGFA 2578 AA genotype (OR:2.87; 95%Cl, 1.61-5.10; p =0.0003) and A-allele
(OR:1.65;95% Cl: 1.25-2.18; p = 0.0004) in 204 cases and controls from North India (28).
The same result was observed in an Iranian study encompassing 250 cases and 215
controls (29). The VEGFA 2578 C/A variant increased the risk of BC: CA vs CC (OR: 1.71;
95%Cl: 1.15-2.54; p=0.009; AA vs CC (OR: 2.12, 95%Cl: 1.14-3.93; p=0.021); CA + AAvs
CC (OR:1.78, 95%Cl: 1.22-2.60; p=0.004); Avs C (OR: 1.47, 95%Cl: 1.12-1.92, p= 0.005)
(29). Although our results are similar to the meta-analysis with a large sample size,
perhaps a new meta-analysis including the three new studies could throw some light
into the association of VEGFA 2578 polymorphism with BC risk.

Regarding the effect of VEGFA 2578 C/A polymorphism on DFS of BC patients, we could
not confirm the association shown by the studies by Maae et al. 2012 (25) and
SaNguanraksa et al. 2013 (26), performed in Caucasians and Thais populations,
respectively. The VEGFA 2578 polymorphism did not present an association with DFS
either in 581 Brazilian BC patients treated with curative surgery (30). However, patients
carrying the A-allele of the VEGFA 2578 C/A polymorphism had shorter DFS among when

treated with neoadjuvant chemotherapy followed by mastectomy (309 patients) (HR:



1.82; 95% Cl = 1.16- 2.86) (30). While no association was found between VEGFA 2578
C/A polymorphism and DFS in 441 Caucasian BC patients, neither in the univariate
regression analysis or after adjusting with clinical characteristics, an increased risk of BC
recurrence was showed for the haplotype formed by VEGFA 2578 C, rs1570360 G and
634 G (HR: 1.58, 95% Cl: 1.06-2.35; p = 0.03) (31). There is some controversy about the
meaning of the C allele. While Kidd et al. showed that the negative effect on BC
recurrence is due to the VEGFA 2578 C-allele in the haplotype, the results of the
univariate and multivariate analysis did not correlate with this effect. The VEGFA 2578
A-allele was related to lower DFS, but only in the group of patients treated with
neoadjuvant treatment, not in the patients treated with surgery. This difference
appeared to be due to a lower risk of progression in comparison with the neoadjuvant
chemotherapy sub-cohort. Only 7.1% of our patients received neoadjuvant treatment;
for this reason, these studies could not be compared.

In our study, patients carrying the A-allele for VEGFA 2578 C>A tended to longer OS
compared to CC patients (CC vs A-allele HR: 2.08; Clos%=0.96-4.49; p value=0.0587)
(Table 5, Figures S1 and S2). No association was either shown in the only other study
published to date investigating the influence of VEGFA 2578 C>A polymorphism on OS
in 441 Caucasian women (31).

The VEFGA 7C>T polymorphism was not been associated with BC risk in our study. This
result is similar to those previously published in an English cohort with 490 cases and
493 controls and in a North Indian population with 204 cases and controls, respectively
(28,32).

Our study failed to confirm the association between the VEFGA 7C>T polymorphism and
DFS as reported in a study of 116 HER2-positive BC patients treated with trastuzumab
(DFS CC vs T-allele; p=0.070) (25).

In our study, the VEGFA 7C>T polymorphism has not been associated to OS. Although a
previous study suggested this influence in a cohort of 328 BC patients (p= 0.027), that
result should be considered carefully, since no correction for multiple testing was
applied (32).

The main limitation of this study was the limited size of the sample compared to other
studies, particularly in the cases group. This may have led to a lack of power to detect

associations in some polymorphisms and in clinical variables such as the stage and OS.



The strengths of our study include a very homogeneous cohort of cases, only composed
by BC patients diagnosed by the same team of pathologists, recruited from the same
geographic area, which increases their uniformity.

In summary, we investigated the effect of ABCB1-G1199T/A (rs2229109), VEGFA 634
G>C (rs2010963), VEGFA 2578 C>A (699947) and VEGFA 7 C>T (rs25648) gene
polymorphisms on BC risk and prognosis. The results showed no association between
these gene polymorphisms and susceptibility of BC, suggesting that genetic variations in
genes involved in drug transporters and angiogenesis may not influence the risk or

outcomes of BC.
7. CONCLUSIONS

No influence ABCB1-G1199T/A (rs2229109), VEGFA -634 G>C (rs2010963), VEGFA 2578
C>A (rs699947) and VEGFA 7 C>T (rs25648) on risk of BC was found in our study. There
was no association between the polymorphisms studied and DFS and OS. Further studies
including a wider spectrum of gene polymorphisms and larger sample cohorts will be

required to definitely rule out the influence of these genes on risk of BC, DFS and OS.
8. FIGURE LEGENDS

Figure S1. Overall Survival in breast cancer patients according to VEGFA rs699947
genotype.

Figure S2. Overall Survival in breast cancer patients according to VEGFA rs699947 A-
allele and CC genotype.

Figure S3. Disease Free Survival in breast cancer patients according to ABCB1-rs2229109

A-allele and GG genotype.
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