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Abstract Vascular endothelial growth factor (VEGF) is a
potent regulator of angiogenesis and thereby involved in
the development and progression of solid tumours. The
association between polymorphisms of angiogenesis path-
way genes and risk of breast cancer (BC) has been widely
studied, but the results are not conclusive. This information
is especially limited in Spanish women, so we decided to
conduct a case—control study. Here, we selected four
commonly studied polymorphisms in VEGF, rs3025039
(known as +936 C/T), rs1109324, rs154765 and rs833052,
one polymorphism at the promoter of the VEGFRI (—710
C/T) and another in the FGF2, rs1449683, gene to explore
their association with BC susceptibility. Genotyping was
performed by TagMan SNP assays and polymerase chain
reaction—restriction fragment length polymorphis (PCR-RFLP)
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on 453 patients and 461 controls in a population from
Valencia (Spain). We observed that women carriers of
4936 CT + TT VEGF genotypes have a protective effect
concerning this disease (p = 0.014; OR 0.67, 95% CI
0.48-0.92) in the global group of patients. The haplotype
TGAC of VEGF (rs3025039, rs1109324, rs154764 and
rs833052) shows a reduction of the risk to develop BC
(p = 3e—04; OR 0.48, 95% CI 0.32-0.72). Furthermore,
we found that carriers of —710 CT + TT VEGFRI geno-
types have also a protective effect (p = 0.039; OR 0.55,
95% CI 0.31-0.98). When we stratified by groups of ages
these associations were maintained. Our data report for the
first time the association of the polymorphism —710 C/T
VEGFRI with BC. Additional experiments focused on
VEGF-A, VEGFRI and sVEGFRI gene expression dem-
onstrated that carriers of T allele at —710 C/T VEGFRI
genotype have higher levels of sVEGFRI/VEGF-A than
the C/C genotype carriers. This was consistent with the
hypothesis that this polymorphism may act as low pene-
trance risk factor. The data provided suggest that 4936 C/T
VEGF and —710 C/T VEGFRI genotypes are likely
important genetic markers of susceptibility to BC.
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endothelial growth factor - Case—control association study

Abbreviations

BC Breast cancer

BRCAI Breast cancer 1

BRCA2 Breast cancer 2

CI Confidence interval

ER Estrogen receptor

FGF Fibroblast growth factor
HWE Hardy—Weinberg equilibrium
OR Odds ratio
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PCR-RFLP Polymerase chain reaction—restriction
fragment length polymorphism

SNP Single nucleotide polymorphism

VEGF Vascular endothelial growth factor

VEGFRI1 Vascular endothelial growth factor receptor 1

sVEGFR1 Soluble vascular endothelial growth factor
receptor 1

Introduction

Breast cancer (BC) is currently the most frequently occurring
cancer and one of the leading causes of cancer-related death
in the world [1], which has become a major public health
challenge, accounting for 23% of all cancers in women [2, 3].
On the Spanish mainland, increased mortality was observed
along the east coast. In the Autonomous Region of Valencia,
high risks were concentrated along the coast, particularly in
Valencia Province [4].

BC is a disease caused by a complex combination of
genetic and environmental factors. Two genes were iden-
tified as the major susceptibility genes in high-risk families,
namely BC 1 and BC 2 (BRCAI and BRCA2, respectively)
[5, 6]. However, these genes account for only a minority of
BC and the exact molecular mechanisms underlying
genetic susceptibility to this disease are still under inten-
sive investigation. In this way, it has been suggested that
low to moderate penetrance susceptibility genes combining
with environmental factors may be important in the
development of cancer [7].

Otherwise, angiogenesis plays a critical role in the
development of cancer [8], being essential in the formation
of new vessel, invasiveness, and distant metastasis [9]. This
is a multistep process requiring integrated actions of a
number of angiogenic growth factors. Among them, the
fibroblast growth factor (FGF) and the vascular endothelial
growth factor (VEGF) families are the most potent pro-
moters of angiogenesis [10]. A noteworthy recent discov-
ery has shown an essential role played by endothelial FGF
signalling in the maintenance of blood vessels [11]. At the
same time, VEGF and its receptors VEGFR1, VEGFR2
and VEGFR3 are essential in vascular development and
maintenance of the adult vasculature [12].

A pro-angiogenic pattern with a high microvascular
density or high levels of VEGF and others angiogenic
growth factors had been associated with a worse survival
and the recurrence in BC [13, 14]. The relevant factor,
VEGF, which is located at 6p21.1, contains eight exons and
seven introns [15]. Its mRNA expression is increased in
malignant tumours compared with adjacent normal breast
tissue [16], and high tissue VEGF levels are correlated with
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poor prognosis and decreased overall survival for BC
patients. Several polymorphisms of VEGF such as +936
C/T, —2578 C/A, —406 C/T and —1154 G/A have been
identified [17], of them the VEGF +936 C/T polymor-
phism (rs3025039) was the most widely studied [18]. The
role of VEGF +936 C/T polymorphism in BC has been
reported, but the results remain inconsistent among studies,
partially because of the possible small effect of the poly-
morphism on BC risk or the relatively small sample size
[19-25].

Moreover, VEGFRI1 is one of the important receptors of
VEGF angiogenesis signalling and has a relevant role in
process of normal vessels formation [26]. VEGFR1 can be
up-regulated in several tumour types, including prostate,
breast, colon and non-small cell lung cancer [27] being
associated with the cell growth and the development of the
tumour. A soluble extracellular form of VEGFRI
(sVEGFRI1) can be generated by alternative splicing. This
sVEGFR1 binds VEGF with very high affinity, acting as an
endogenous inhibitor of angiogenesis by sequestering
VEGF [28]. Furthermore, it has been described that BC
patients with high sVEGFR1/VEGF-A ratio have a mark-
edly favourable prognosis compared with patients with low
ratio [29].

The FGF family is critical in early embryonic devel-
opment and precedes the appearance of VEGF signalling.
In adults, FGFs play key roles in neovascularization,
wound healing and cancer [12]. Three hundred and fifty
FGF?2 single nucleotide polymorphisms (SNPs) are known
so far, 182 have been validated [30]. One of these,
rs1449683 C/T, located in exon 1, has been found to be
associated with FGF2 expression on both a transcriptional
and translational level. In particular, the C/C genotype of
the rs1449683 C/T polymorphism could be a predictor for
both elevated mRNA and protein level independently from
possible confounding factors [31].

In our work, we hypothesized that SNPs in genes of the
angiogenesis pathway could modify BC risk. A population-
based case—control study was used to investigate the pos-
sible modifying effect of four polymorphisms in VEGF,
one in VEGFRI and another in FGF. To our knowledge,
there are no epidemiological studies that investigate the
effect of =710 C/T VEGFRI in relation to BC or other
neoplasia.

Subjects and methods
Study population and data collection
We conducted a case—control study analysing a total of 914

women. This study includes 453 Caucasian BC female
patients from the University Clinical Hospital of Valencia,
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Table 1 Characteristics of the breast cancer patients

Number of subjects n = 453

Median age 50.48 years

Range (21-89)

Intraductal invasive (n = 293): 77.7%
Lobular invasive (n = 29): 7.7%
Intraductal in situ (n = 17): 4.5%
Others (n = 38): 10.1%
Premenopausal (n = 103): 39.8%
Postmenopausal (n = 159): 60.2%
Positive (n = 166): 76.1%
Negative (n = 52): 23.9%

1 (n=39):21.9%

II (n = 78): 43.8%

Il (n = 61): 34.3%

Disease status

Menopausal status

Estrogen receptor

Histological grade

with a mean age of 50.48 years (Table 1). The patients
included in the study were diagnosed between 2001 and
2010 and the collection of the blood samples was con-
ducted between 2010 and 2011. The clinical pathological
parameters were obtained from hospital clinical records.
The control population (n = 461) matched for sex and
ethnicity, with no previous or concurrent malignant disease
and living in the same area, was recruited between the
same time period as the cases (6 months). Their samples
are collected at the blood donor’s bank of the same Hos-
pital. The mean age of this control group was 39.25 years.
The anonymity of the patients and control population was
guaranteed. All samples of the participants in the study,
both patients and healthy controls, were obtained after
informed consent, according to the Declaration of Helsinki.
Ethical approval was obtained from ethical committee in
the institution.

DNA extraction

Genomic DNA from patient blood samples was isolated
from buffy coat using QIAcube protocol by QIAGEN®
using minor modifications. Genomic DNA from control
population was extracted from peripheral blood leucocytes

Table 2 Characteristics of the selected SNPs

using the Ultra Clean Tissue DNA Isolation Kit by MO-
BIO® with minor modifications. DNA quantity was mea-
sured by NanoDrop spectrophotometer. DNA samples were
stored at —20°C.

SNPs selection and genotyping

The six polymorphisms we tested were selected via bio-
informatics approach and according to the bibliography
date. We selected one 3'UTR polymorphism and three
polymorphisms in the promoter region of the VEGF gene,
one polymorphism in the promoter of the VEGFRI gene
and one polymorphism at the cds-synon region of the FGF
gene (Table 2).

Genotyping analyses of the six SNPs were performed by
real-time PCR, using the TagMan® SNP Genotyping Assays
(Applied Biosystems) according to the manufacturer
instructions. Thermal cycling and detection was performed on
the ABI Prism 7900 using the Sequence Detection Software
(Applied Biosystems). In order to validate this methodology,
10% of the samples were carried out twice in independent
experiments and we found a 100% concordance. The results
were analysed on a 7900 real-time PCR system using the
allelic discrimination assay program of Sequence Detection
Software version 2.4 (Applied Biosystems).

We analysed additionally by polymerase chain reaction—
restriction fragment length polymorphism (PCR-RFLP)
the —710 C/T VEGFRI polymorphism due to the low
frequency of the minority allele. We carried out on all
samples the PCR-RFLP technique for comparison with the
results obtained from the Tagman assay and we obtained a
100% of concordance. VEGFRI polymorphism was
detected by amplifying genomic DNA with the forward
primer 5'-GTGGCAACTTTGGGTTACCCA-3' and the
reverse primer 5'- CCTGACCCCTTCAGACTGTCC-3'.
The PCR amplification parameters were 5 min at 94°C, 35
cycles each of 30 s at 94°C, 1 min at 60°C and 45 s at
72°C, and a final elongation of 6 min at 72°C. The 665 bp
PCR product was digested with Nlalll at 37°C overnight.
Digested products were separated by electrophoresis. Wild-
type alleles resulted in 518 and 147 bp fragments and the
variants alleles resulted in 665 bp fragment.

Gene RefSNP number Chr Chr position Substitution Minor allele Location Tagman assay
VEGF rs3025039 6 43860514 C/IT T 3'UTR C_16198794_10
VEGF rs1109324 6 43837733 A/C A Promoter C_8311589_10
VEGF 1s1547651 6 43838622 A/T T Promoter C_8311590_10
VEGF 1rs833052 6 43831313 A/C A Promoter C_8311577_10
VEGFRI - 13 - C/T T Promoter C_27837581_10
FGF2 rs1449683 4 123967536 C/T T Cds-syn C_8837641_10

Chr chromosome
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Real-time analysis of VEGF-A, VEGFR1
and sVEGFR1

We have recollected 19 paraffin samples of BC patients,
taking into account the —710 C/T VEGFRI genotype. We
proceeded to the RNA extraction using the High Pure FFPE
RNA Micro Kit by Roche®. A final elution volume of 20 pl
was established. RNA quantity was measured by NanoDrop
spectrophotometer, and RNA purity was evaluated. The
samples were stored at —80°C. An aliquot of total RNA from
each specimen was reverse transcribed into single-strand
complementary DNA using the High Capacity cDNA
Reverse Transcription Kit by Applied Biosystems®. Before
amplification we performed a preamplification PCR con-
sidering a final volume of 25 pl with the TagMan PreAmp
Master Mix Kit Protocol by Applied Biosystems®. Absolute
gene expression quantification for VEGFRI, sVEGFRI and
VEGF-A was performed using HPRT] as internal reference
gene, and the ABI Prism 7900 sequence detection system
(Applied Biosystems) based on the TagMan method. The
PCR reaction mixture consisted of 5 pl of gene expression
master mix, 0.5 pl of TagMan probe, a final concentration of
cDNA of 0.3 ng/ul adding up to a final volume of 10 plina
384-well plate.

Statistical analysis

The statistical tools for genotype analysis of SNPs (Hardy—
Weinberg equilibrium (HWE), allele and genotype distri-
butions, association tests and linkage disequilibrium (LD)
analysis) were provided by SNPStats [32]. 7 analyses were
used to determine the differences in distribution of genotype
between cases and controls. For each polymorphism, HWE
was tested by comparing the observed to expect genotype
frequencies in controls using a x” test. Genotype frequencies
were calculated for the cases and controls to determine their
association with BC. The odds ratio (OR) and its 95% con-
fidence interval (CI) were calculated as a measure of the
association between the different genotypes and BC risk. The
frequencies of expected haplotypes were estimated using the
statistical methodologies implemented by SNPstats. The
analysis of sVEGFR1/VEGF-A mRNA ratio was done by the
non-parametric Mann—Whitney U test. Values were con-
sidered statistically significant when the p value was <0.05.

Results

Distribution of VEGF, VEGFRI and FGF
polymorphisms

Each of the polymorphisms was clearly discriminated
using TagMan SNP genotyping assays, or PCR-RFLP
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technique in the case of the —710 C/T VEGFRI. The
distribution of VEGF, VEGFRI and FGF genotypes among
cases and controls and risk of BC due to these polymor-
phisms is listed Table 3. The distribution of the genotype
frequencies in the selected polymorphisms among control
group is in agreement with those expected under HWE
with a p value >0.05. We also observed that the frequen-
cies of the polymorphisms analysed in this study are sim-
ilar to the frequencies previously reported in the Caucasian
population described by HapMap. Despite that the age of
the cases is higher than that of the controls, this does not
affect our results since we found no association between
genotype frequencies and age in either the cases or the
controls (data not shown).

Concerning +936 C/T polymorphism the frequencies of
the genotypes differed between BC patients and controls.
The combination of the heterozygote 4936 CT and the
4936 TT homozygote was observed in lower frequency in
the BC patients (18.1%) compared with the respective
control group (24.9%). The +936 CT + TT genotypes
showed a significantly protective effect to BC (p = 0.014;
OR 0.67, 95% CI 0.48-0.92).

Regarding —710 C/T VEGFRI, our results showed that
carriers of at least one T allele variant present approximately
45% reduction of the risk to develop BC (p = 0.039, OR
0.55, 95% CI 0.31-0.98). However, no statistically signifi-
cant associations were found between the others polymor-
phisms analysed in this report and BC risk. We considered
whether age at diagnosis modified the associations of the
selected SNPs with BC risk (Table 4). Among women aged
between 45 and 55 years we found a significant association
between the carriers of the at least one T allele in the poly-
morphism rs3025039 and protection to BC. We also found
the same tendency (borderline significant) at the group of
women >55 years. These results are in agreement with the
associations described in Table 3. In relation to the —710
C/T VEGFRI polymorphism, women under 45 years of age
and carriers of the minor allele had a reduced risk of BC
(p = 0.017,0R 0.28, 95% CI 0.08-0.94). Conversely, in the
others two groups of women for this SNP, risk was non-
significantly altered. Also, the rs833052 genotype show an
association with predisposition to develop BC in the subset
of women younger than 45 years (p = 0.021; OR 1.85,95%
CI 1.10-3.11).

The effects of the polymorphisms were further analysed
after the data were stratified by histological type, estrogen
receptor (ER) status, menstrual history and lymph node
affection. We detect an association between the ER status
in patients and the polymorphism rs1109324. We found a
modest statistical significance with a p = 0.041 (OR 2.11,
95% CI 1.00—4.43). It seems that carriers of at least one T
allele are 2.11-fold more frequent in ER positive BC
compared with the ER negative patients.
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Table 3 Genotypic and allelic frequencies of VEGF, VEGFRI and FGF and breast cancer risk
Polymorphisms Genotype Cases (n = 453) Controls (n = 461) OR (95% CI) p value
rs3025039 VEGF CcC 366 (81.9%) 332 (75.1%) Reference

CT 76 (17%) 99 (22.4%) 0.70 (0.50-0.97) 0.031

TT 5 (1.1%) 11 (2.5%) 0.41 (0.14-1.20)

CT + 1T 81 (18.1%) 110 (24.9%) 0.67 (0.48-0.92) 0.014
rs1109324 VEGF GG 310 (68.6%) 329 (71.7%) Reference

GT 132 (29.%) 120 (26.1%) 1.17 (0.87-1.56) 0.58

TT 10 (2.2%) 10 (2.2%) 1.08 (0.44-2.58)

GT + TT 142 (31.4%) 130 (28.3%) 1.16 (0.87-1.54) 0.31
rs1547651 VEGF AA 311 (69%) 324 (70.9%) Reference

AT 129 (28.6%) 123 (26.9%) 1.09 (0.82-1.46) 0.81

TT 11 (2.4%) 10 (2.2%) 1.15 (0.48-2.74)

AT + TT 140 (31%) 133 (29.1%) 1.10 (0.83-1.46) 0.52
rs833052 VEGF CC 189 (68.2%) 256 (72.5%) Reference

CA 82 (29.6%) 90 (25.5%) 1.23 (0.87-1.76) 0.5

AA 6 (2.2%) 7 %) 1.16 (0.38-3.51)

CA + AA 88 (31.8%) 97 (27.5%) 1.23 (0.87-1.73) 0.24
—710 C/T VEGFRI1 CcC 431 (95.8%) 425 (92.6%) Reference

CT 16 (3.6%) 33 (7.2%) 0.48 (0.26-0.88) 0.03

TT 3 (0.7%) 1 (0.2%) 2.96 (0.31-28.55)

CT + TT 19 (4.2%) 34 (7.4%) 0.55 (0.31-0.98) 0.039
rs1449683 FGF CC 325 (90%) 384 (89.3%) Reference

CT 35 (9.7%) 45 (10.5%) 0.92 (0.58-1.46) 0.93

TT 1 (0.3%) 1 (0.2%) 1.18 (0.07-18.97)

CT +TT 36 (10%) 46 (10.7%) 0.92 (0.58-1.46) 0.74

p-values statistically significant (p-value <0.05) are displayed in bold
OR and 95% CI for the SNP main effect

Distribution of VEGF haplotypes

We established haplotypes for the four polymorphisms in
VEGF gene in the 914 individuals to investigate their effects
in BCrisk. The results are described in Table 4. The analyses
of haplotype frequency distributions show that a specific
haplotype containing the variant allele for +936T VEGF was
less frequent in patients than in controls. If we compare the
common haplotype with the other possible haplotypes, we
observed statistically significant differences regarding the
second haplotype in Table 5 (p = 3e—04). The results sug-
gestthat carriers of thishaplotype presentaprotective effect to
developing BC (OR 0.48; 95% C1 0.32-0.72).

sVEGFR1/VEGF-A ratio in BC paraffin samples
from different genotype carriers

The ratio of expression between sVEGFRI1 and VEGF-A
mRNA levels was calculated in C/T versus C/C genotype
carriers for the —710 C/T VEGFRI to gain better insight
into the biological relevance of this polymorphism. The
formalin-fixed paraffin-embedded samples from seven

patients with C/T and twelve with C/C genotype where
selected. The results showed that the sVEGFR1/VEGF-A
ratio was approximately five times greater in C/T genotype
carriers than in C/C genotype carriers, with median values
of 1.62 (n = 7) versus 0.32 (n = 12), respectively (Fig. 1).
The statistical analysis with the non-parametric U Mann—
Whitney test shows a tendency to the significance (bor-
derline significance with a p = 0.063).

Discussion

The individual susceptibility to the development of BC
may be influenced by several factors [33]. It is now
accepted that chemotherapy effectiveness in BC is limited
by significant inter-individual variations, which are often
associated to genetic variations in specific genes. Increas-
ing evidences suggest that genetic polymorphisms may
have a contribution on cancer susceptibility, particularly in
genes of angiogenesis [34].

In this study, we evaluated four separate VEGF polymor-
phisms (rs3025039, rs1109324, rs1547651 and rs833052),
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Table 4 Genotypic and allelic frequencies of VEGF, VEGFRI and FGF and breast cancer risk stratified by range of ages

Ages <45 years

Ages between 45 and 55 years

Ages >55 years

Cases/ OR  95% CI p value Cases/ OR  95% CI p value Cases/ OR  95% CI p value
controls controls controls

VEGF rs3025039

C/C 99/221 1.00  Reference 119/77 1.00 Reference 104/34 1.00 Reference

C/T 31/67 1.03  0.63-1.68 0.47 19/24 0.51 0.26-1.00 0.13 11/8 045 0.17-1.21 0.081

T/T 1/7 0.32  0.04-2.63 3/3 0.65 0.13-3.29 0/1 - -

C/T+T/T  32/74 0.97 0.60-1.56 0.88 22/27 0.53  0.28-0.99 0.046 11/9 040 0.15-1.05 0.067%
VEGF rs1109324

G/G 91/222 1.00 Reference 95/74 1.00 Reference 82/33 1.00 Reference

G/T 38/79 1.17  0.74-1.85 0.72 43/33 1.01 0.59-1.75 0.54 33/8 1.66  0.69-3.97 0.18

T/T 4/7 1.39  0.40-4.88 4/1 3.12  0.34-28.5 12 0.20  0.02-2.30

G/T + T/IT  42/86 1.19 0.77-1.85 0.44 47/34 1.08 0.63-1.84 0.79 34/10 1.37 0.61-3.08 0.44
VEGF 151547651

A/A 92/219 1.00  Reference 97/73 1.00  Reference 80/32 1.00 Reference

A/T 39/80 1.16 0.74-1.83 0.81 41/34 091 0.53-1.57 0.36 32/9 142  0.61-3.31 0.44

T/T 3/7 1.02  0.26-4.03 5N 3.76  0.43-32.9 2/2 040 0.05-2.96

AT +T/T  42/87 1.15  0.74-1.79 0.54 46/35 0.99 0.58-1.69 0.97 34/11 1.24  0.56-2.73 0.6
VEGF rs833052

C/C 571177 1.00  Reference 70/55 1.00  Reference 49/24 1.00 Reference

C/A 33/51 2.01 1.18-341 0.026 29/27 0.84 045-1.59 0.438 17/12 0.69 0.29-1.68 0.66

A/A 1/6 0.52  0.06-4.39 1/0 - - 3/1 1.47 0.15-14.88

C/A + A/A  34/57 1.85 1.10-3.11 0.021 30/27 0.87 047-1.64 0.67 20/13 0.75 0.32-1.77 0.52
—710 C/T VEGFRI

C/IC 128/285 1.00 Reference 137/101 1.00 Reference 109/39 1.00 Reference

C/T 3/24 0.28 0.08-0.94 0.017 6/5 0.88 0.26-2.98 0.42 6/4 0.54 0.14-2.00 0.37

T/T - - - 0/1 - - - - -

C/T+TIT - - - - 6/6 0.74 0.23-2.35 0.61 - - - -
FGF 151449683

C/C 100/255 1.00  Reference 111/94 1.00  Reference 89/35 1.00 Reference

C/T 13/29 1.14  0.57-2.29 0.76 13/12 0.92 040-2.11 0.84 7/4 0.69 0.19-2.50 0.58

T/T 171 2.55 0.16-41.2 - - - - -

C/T+ T/T  14/30 1.19 0.61-2.34 0.62 - - - - - - -

p-values statistically significant (p-value <0.05) are displayed in bold
4 Borderline significance

one polymorphism at the promoter of VEGFRI (—710 C/T)
and another in the FGF gene (rs119683) in a group of BC
patients as well as in matching controls. The allelic frequen-
cies of our control group for the different polymorphisms are
in accordance with the frequencies described by HapMap for
the Caucasian population. There were no frequencies in that
database for the —710 C/T VEGFRI, but our frequencies are
similar to those described by Menendez et al. [26].
Angiogenesis is required for the growth of microscopic
cancers into larger tumours and clearly plays a role in the
pathogenesis of BC [35]. VEGF is believed to be an
important factor for angiogenesis through various mecha-
nisms, which has been proved to be a key step for tumour
occurrence, progress and prognosis [16, 36]. Functional
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polymorphisms of VEGF gene can influence the expression
of the protein, and then contribute to the susceptibility and
severity of cancer [37]. Considering the polymorphism
4936 C/T in VEGF, previous studies indicated that the C
to T allele change led to the loss of a potential binding site
for the activating enhancer binding protein 4 (AP-4) tran-
scription factor, which increasing the expression of several
viral and cellular genes [38, 39]. As result, +936 T allele
may inhibit transcription of VEGF. This inhibition could
explain why the +936 T allele carriers have lower risk
developing cancer. Accordingly, the VEGF plasma levels
in 4936 T allele carriers were significantly lower than that
in non-carriers [40]. Thus, VEGF +936 T allele carriers
were considered to be associated with decreased risk of
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Table 5 Haplotype frequencies between polymorphisms in VEGF gene

Nr Haplotype Cases Controls OR (95% CI) p value
Frequency Frequency

1 CGAC 0.70 0.64 Reference -

2 TGAC 0.07 0.13 0.48 (0.32-0.72) 3e—04

3 CTTA 0.10 0.07 1.30 (0.88-1.92) 0.19

4 CTTC 0.05 0.08 0.61 (0.38-1.00) 0.045

5 CGAA 0.04 0.07 0.58 (0.33-1.01) 0.054

Rare - - - 3.01 (1.04-8.70) 0.042

p-values statistically significant (p-value <0.05) are displayed in bold

Haplotypes were constructed with rs3025039, rs1109324, rs1547651 and rs833052, respectively. The rare haplotype is the combination of the

different possible haplotypes that have a frequency lower than 1%

OR odds ratio, CI confidence interval

BC. This study explores the association between this and
other polymorphisms in VEGF, VEGFRI and FGF, and BC
risk.

Our results indicate that the VEGF 4936 T allele car-
riers were associated with decreased BC risk (p = 0.014;
OR 0.67, 95% CI 0.48-0.92). These results are consistent
with those from previous studies of VEGF polymorphisms
and cancer risk that reported a protective association
between the +936 T carriers and cancer [20, 25]. When we
analyse the results by range of ages, we also found a sig-
nificant association in the group of women between 45 and
55 years, and the same tendency in the group of woman
older than 55 years (p = 0.046 and 0.067, respectively). In
this stratified analysis we also detected an association

p-value= 0,063*

sVEGFR1/VEGFA

I I
c/C CT

Fig. 1 Box-plot of sVEGFRI/VEGF-A mRNA ratio by —710 C/T
VEGFRI genotype. C/C genotype carriers n = 12; C/T genotype
carriers n = 7. *Mann—-Whitney U test p value = 0.063 (borderline
significance). Logarithmic representation

between the rs833052 genotype and the BC risk in the
subset of women younger than 45 years (p = 0.021; OR
1.85, 95% CI 1.10-3.11). To our knowledge, there was no
previous work relating this polymorphisms and BC pre-
disposition. However, a previous data published on bladder
cancer shown an increment of the risk associated with this
SNP [41]. The LD between polymorphisms region could be
an important factor affecting the incidence of cancer in
general, and BC, in particular. LD analyses showed that the
four loci in VEGF were relatively strong. Thus, haplotype
analysis would be an important tool to confirm the signif-
icance of these polymorphisms on BC susceptibility. We
found a statistical significant association between haplo-
type 2 and BC (p = 3e—04; OR 0.48, 95% CI 0.32-0.72).
This specific haplotype seems to have a protective effect in
the development of BC.

The importance of VEGFRI1 in angiogenesis is widely
known but its exact role is not fully determined, especially
in pathological processes as cancer. VEGFRI is involved
in the induction of matrix metalloproteinase 9 in lung
cancer [26] and has been associated with cell growth and
development of pathological angiogenesis in tumour cells.
Variations in the expression of this receptor are expected to
have a cellular impact.

Recent experiments of Menendez and collaborators
show that VEGFRI1 is involved in the p53 stress-response
transcriptional network through the SNP —710 C/T. This
SNP is located in a putative p53 response element
sequence. This uncommon polymorphic variant was found
in approximately the 6-7% of the general population. The
authors prove in cell lines that only the T allele was p53
responsive. Based on the above knowledge, we hypothe-
sized that the polymorphism —710 C/T VEGFRI may
affect the development of BC.

We assess the genotype of these polymorphisms in BC
patients and in general population to know their relation
with the risk to develop BC. We present here for the first
time a significant association between —710 C/T VEGFRI
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and BC risk. The genotype with at least one T allele
associates with protection against BC. Indeed the per-
centages of C/T and T/T genotype carriers change from 7.4
in the general population to 4.2 in BC patients in our group
of study (p = 0.039; C/C vs. C/T + TT; OR 0.55, 95% CI
0.31-0.98).

The results of Menendez et al. in cell lines show that the
treatment with doxorubicin increases the levels of VEGFR1
in the cells with one or two T alleles. The p53 pathway is one
possible mechanism, since this tumour suppressor gene is
highly responsive to a variety of stress conditions. The
treatment with doxorubicin or another chemotherapeutic
agent increases the p53 level in the tumour cells and allows
the binding to the specific response elements. Studies based
on CHIP assay show that p53 is capable of binding to the
responsive elements located in the promoter of VEGFRI
only when one of the alleles is T allowing the expression of
the VEGFRI1 protein [26, 42]. That means that the levels of
this receptor could be increased in patients with the C/T or
T/T genotype in the polymorphisms of VEGFRI promoter
treated with chemotherapeutic agents. The high levels of
VEGFRI that increase the angiogenesis in this context can
diminish it. There is an alternative splice variant of VEGFR1
resulting in a soluble form that acts as negative modulator
[28, 29, 43]. Our results of quantitative PCR show that the
ratio sSVEGFR1/VEGF-A was higher in C/T genotype car-
riers in —710 C/T VEGFRI polymorphism than in patients
with C/C genotype. High ratio levels have been associated
with a favourable BC prognostic. Our data are in concor-
dance with the published information about the promoter of
VEGFRI and reaffirm the idea of a protective role for the T
allele in this polymorphism.

This genetic variant acts as low penetrance modifier of
the risk. The data present above are also important because
they have permitted to characterize this polymorphism in a
control group population, so these frequencies can be
useful as reference in other future works.

In our study, we did not observe association between the
tumour type, grade or stage of the disease that could pos-
sibly indicate that the polymorphisms preferentially affect
a subset of cancers. We only found a modest significance in
ER positive patients and the polymorphism rs1109324. The
results show that the carriers of at least one T allele are
more frequent in this subgroup of BC with a p = 0.041
(OR 2.11, 95% CI 1.00-4.43).

In summary, we found three significant associations
with predisposition to BC, in rs833052, rs3025039 and in
—710 C/T VEGFRI1 polymorphisms. Moreover, our VEGF
haplotype analysis results suggest that the haplotype TGAC
contributes to the protection of developing BC. As far as
we know this is the first study that analyses and demon-
strates a significant association of the polymorphism —710
C/T of VEGFRI and BC risk. This study may have some

@ Springer

limitations due to the fact that it is a case—control study
restricted to the Spanish population in Valencia Province
and also because we do not have the complete follow-up of
all patients. Moreover, larger and preferably population-
based case—control studies, as well as well-designed
mechanistic studies are needed to validate our results.
However, the genotype frequencies we observed among
our controls were in agreement with HWE, suggesting that
our subject sampling was sufficiently random. Addition-
ally, it is noteworthy that we report for the first time the
association of —710 C/T VEGFRI genotype and protection
to develop BC. Our case—control studies and also the
experimental results support the protector effect of the T
allele of this polymorphism since C/T genotype carriers
associate with high levels of sVEGFR1/VEGF-A ratio that
has been related with good prognostic in BC.

Conclusion

This study suggests that the rs833052, +936 C/T VEGF
and —710 C/T VEGFRI polymorphisms are important
genetic markers of susceptibility to BC. Specifically, the
4936 T and —710 T variant have a protective effect
against the development of BC. Clearly, this predictive
value needs to be validated in further epidemiologic and
functional studies. Overall, our results support the
hypothesis that polymorphisms in the VEGF and VEGFRI
may have important mechanistic implications in BC and
reaffirm the belief that targets within VEGF pathway are
potentially tools for BC prevention and treatment.
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