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Abstract: Breast cancer is the most common cancer in females and the leading cause of
cancer death in women worldwide. Angiogenesis, the formation of new blood vessels,
plays an important role in the development and progression of breast cancer. Vascular
endothelial growth factor A (VEGFA), the key modulator of angiogenesis, is highly
expressed in cancer tissue and correlates with its more aggressive features. Polymorphisms
of VEGFA alter the levels of expression and subsequently influence the susceptibility and
aggressiveness of breast cancer. Assessment of VEGFA polymorphisms may be used for
the identification of patients suitable for anti-VEGFA therapy.
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1. Breast Cancer

Breast cancer is the most common cancer and the leading cause of cancer death in women
worldwide, accounting for 23% of the total new cancer cases and 14% of the total cancer deaths in
2008 [1]. Several factors contribute to initiation and progression of breast cancer. Increased exposure
to estrogen is correlated with increased risk for breast cancer. Changes in physical activity,
reproductive patterns, obesity and increased pollution in Asian countries has led to increased
incidences of breast cancer. The hallmarks of cancer comprise sustaining proliferative signaling,
evading growth suppressors, resisting cell death, enabling replicative immortality, inducing
angiogenesis, and activating invasion and metastases [2]. Genetic deregulation leads to progression of
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these distinctive capacities. Accumulation of genetic mutation results in increased aggressive
phenotypes. High penetrance genes, such as BRCAI, BRCA2 and p53 are associated with breast cancer
risk with relative risk (RR) higher than 10. However, variations in these genes account for 0.1% in the
population and have impact only on hereditary breast cancer. The vast majority of breast cancer
cases are sporadic and not related to high-penetrance genes. Combination of polymorphisms in
low-penetrance genes may play an important role in breast cancer initiation and progression.

2. Angiogenesis in Breast Cancer

Cancer cells require nutrients, oxygen and the ability to evacuate waste products. These
requirements are accomplished by means of angiogenesis, the formation of new vascular networks
from pre-existing blood vessels. This process is one of the crucial factors that contributes to breast
cancer growth and metastasis. Lack of tight controls in cancer angiogenesis results in a difference
between normal and cancer angiogenesis [3]. The intra-tumoral vessels are irregular, tortuous,
tapering, saccular and have numerous arteriovenous anastomosis or blind ends. The irregular
architecture results in inadequate perfusion, leading to selection of more aggressive cancer cells and
ineffective delivery of anticancer agents. Fenestrated endothelial lining without basement membrane
leads to higher permeability. This site serves as cancer cell intravasation and subsequently promotes
metastasis [4-6]. Analysis of tumor vasculature in neuT transgenic mice revealed that both sprouting
and intussusception were involved in breast cancer angiogenesis [7]. Hyperplastic murine breast
papillomas and histologically normal lobules adjacent to cancerous breast tissue can induce
angiogenesis [8,9]. These evidences suggest that angiogenesis precedes transformation of mammary
hyperplasia to malignancy. In human, high microvessel densities (MVD) in premalignant lesions have
been associated with high risk of future breast cancer [10]. High MVD in invasive disease has been
correlated with a greater likelihood of metastatic disease and a shorter relapse-free survival (RFS) and
overall survival (OS) in patients with node-negative breast cancer [11,12]. Meta-analysis of 43
independent studies (8,936 patients) showed that high MVD predicted poor survival with relative risk
(RR) = 1.54, 95% CI =1.29-1.84 for both DFS and OS. High MVD also significantly predicted poor
survival for node-negative patients with RR 1.99, 95% CI =1.33-2.98 for DFS (2,727 patients) and
RR = 1.54, 95% CI =1.01-2.33 for OS (1,926 patients) [13]. Several molecules including fibroblast
growth factor, platelet-derived growth factor, transforming growth factor-f participate in this complex
process and one of the most important key modulators is vascular endothelial growth factor (VEGFA).

3. VEGFA Biology

VEGFA is a member of the VEGF family, which comprises VEGFA, VEGFB, VEGFC, VEGFD,
and placental growth factor (PIGF). The VEGF family and receptors are summarized in Figure 1. The
human VEGFA is localized in chromosome 6p21.3 and organized as eight exons separated by seven
introns [14-16]. Alternative exon splicing was initially shown to result in the generation of four
different isoforms (VEGFA,;, VEGFA 65, VEGFA 39 and VEGFA;(6), having respectively 121, 165,
189 and 206 amino acids, after signal sequence cleavage [15,16]. VEGFA 45, the predominant isoform,
lacks the residues encoded by exon 6, whereas VEGFA 2 lacks the residues encoded by exons 6 and 7.
Less frequent splice variants also have been reported, such as VEGFA 145 and VEGFA 33 [17].
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Figure 1. VEGF family and receptors. VEGFA binds both VEGFR-1 and VEGFR-2. PIGF
and VEGFB bind only VEGFR-1. VEGFC and VEGFD bind VEGFR-2 and VEGFR-3.
VEGFR-2 is the major mediator of EC mitogenesis and survival. VEGFR-1 does not
mediate an effective mitogenic signal in EC and it may perform an inhibitory role by
sequestering VEGFA and preventing its interaction with VEGFR-2.
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A well-documented in vitro activity of VEGFA is the ability to promote growth of endothelial cells
(ECs) derived from arteries, veins and lymphatic vessels. VEGFA induces a potent angiogenic
response in a variety of in vivo models [18,19]. VEGFA delivery also induces lymphangiogenesis in
mice [20]. Although ECs are the primary target of VEGFA, several studies have reported mitogenic
effects on certain non-EC types [21]. VEGFA is a survival factor for ECs, both in vitro and in vivo.
In vitro, VEGFA prevents apoptosis induced by serum starvation. Gerber et al. showed that such
activity is mediated by the PI3-kinase/Akt pathway [22]. VEGFA also induces expression of the
anti-apoptotic proteins Bcl-2 and Al in ECs [23]. In vivo, the prosurvival effects of VEGFA are
developmentally regulated. VEGFA inhibition results in extensive apoptotic changes in the vasculature
of neonatal but not in that of adult mice [24]. Furthermore, a marked VEGFA dependence has been
shown in ECs of newly formed but not of established vessels within tumors [25,26]. Coverage by
pericytes has been proposed to be one of the key events resulting in loss of VEGFA dependence [25].

VEGFA is also known as vascular permeability factor, based on its ability to induce vascular
leakage [27,28]. It is now well established that such permeability-enhancing activity underlies
significant roles of this molecule in inflammation and other pathological circumstances. VEGFA
induces an increase in hydraulic conductivity of isolated microvessels; this effect is mediated by
increased calcium influx [29]. Consistent with a role in the regulation of vascular permeability,
VEGFA induces endothelial fenestration in some vascular beds [30]. In addition, VEGFA induces
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vasodilatation in vitro in a dose-dependent fashion as a result of EC-derived nitric oxide [31], and
produces transient tachycardia, hypotension and a decrease in cardiac output when injected
intravenously in conscious, instrumented rats [32].

In 1993, Kim et al. reported that antibodies to VEGFA exerted a potent inhibitory effect on
the growth of several cancer cell lines in nude mice [33]. Subsequently, many other cancer cell lines
were found to be inhibited in vivo by these antibodies and other anti-VEGFA treatments, including
small-molecule inhibitors of VEGFR signaling, antisense oligonucleotides and antibodies to
VEGFR-2 [34]. Although cancer cells are the major source of VEGFA, cancer-associated stroma is
also an important site of VEGFA production [35-37]. Proteolytic cleavage mediated by matrix
metalloproteinase-9 results in enhancement of the activity of low, constitutive VEGFA, by making it
available to bind VEGFR-2 [38].

4. Roles of VEGFA in Breast Cancer

Several lines of evidence implicate the importance of VEGFA in breast cancer [39]. Patients with
locoregional ductal cancers have elevated serum VEGFA concentrations in comparison with women
with benign breast tumors. The highest concentrations of serum VEGFA were founded in metastatic
breast cancer, in particular among patients who did not receive cancer therapy for metastatic disease [40].
A significant correlation between VEGFA concentration and MVD has been reported [41]. A study in
29 invasive breast carcinomas revealed that VEGFA expression in the peritumoral ECs correlated with
angiogenesis, lymphangiogenesis and higher pathologic stage. A study in 574 node-negative breast
cancer patients showed that high VEGFA levels in tumor tissue were associated with larger tumor size,
older age, and negative progesterone receptor (PR). Patients with low VEGFA had higher DFS and OS
(84% vs. 75% and 93% vs. 86%, respectively). Tissue microarray of 642 breast cancers demonstrated
that high levels of VEGFA and its receptors- VEGFR-1, VEGFR-2, and NRP-1 were significantly
associated with poor survival. This study also demonstrated the correlation between the expression of
VEGFA and its receptors within tumor cells, supporting an autocrine and paracrine function of
VEGFA [42]. In a study of 50 invasive ductal carcinomas, expressions of VEGFA protein and mRNA
were correlated with tumor size, lymph node metastasis and TNM staging. The MVD counts were
correlated with the expression of VEGFA and axillary lymph node metastasis [43]. Cox analysis
revealed that intratumoral VEGFA was an independent prognostic factor for node-negative breast
cancer [44]. High VEGFA and low soluble VEGFR-1 levels (an intrinsic negative counterpart of
VEGFA) were significantly associated with poor prognosis [45,46]. Randomized study of tamoxifen
adjuvant treatment in postmenopausal patients revealed that the patients with positive VEGFA had no
response to tamoxifen [47]. In advanced breast cancer patients receiving bevacizumab and vinorelbine
who had lower baseline plasma VEGFA before treatment had longer time to progress (9.3 months vs.
3.7 months) than those with higher plasma VEGFA [48]. This evidence supports the crucial role of
VEGFA in the transition from benign to malignant breast disease and breast cancer aggressiveness.
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5. VEGFA Polymorphisms

Genetic polymorphisms are common DNA sequence variations in the general population. This type
of variation is different from mutation as the prevalence is higher than one percent and does not cause
overt disease. Polymorphisms in the promoter region or exons may affect gene expressions or protein
functions and influence different characteristics among individuals, such as height and skin color.
Single nucleotide polymorphism (SNP), a single base difference among individual, is the most common
type of genetic variation in the human genome. SNPs occur about once every 1000 base pairs.
Association studies of genetic polymorphisms implicate the role of polymorphisms in susceptibility
and aggressiveness of cancer.

Several SNPs in the promoter and 5' UTR of VEGFA have been identified [49,50]. Nomenclature of
these SNPs corresponds to either transcription or translation start site (Figure 2). The common sites of
SNPs are at position —2578, —1498 —1154, and —634. Transitions of C/A at nucleotide position —2578
relative to the translation start site (—2578 C/A), —1455 T/C, —1154 G/A, —1001 G/C, and —7 C/T were
reported. Individuals with the A allele at position —2578 also had an insertion of 18 nucleotides at
position —2549, whereas CC homozygotes did not contain this insertion [49]. The —2578A was in
complete linkage disequilibrium (LD) with —2447 del G and -2489T, while —2578C was linked with
—2447G and —2489C [51]. Awata et al. identified seven SNPs in the promoter region and 5' and 3'
UTR of VEGFA in Japanese population. Among these SNPs, the —634 G/C differed significantly
between type II diabetes patients without retinopathy and those with any retinopathy, and the -634C
allele was significantly associated with the presence of retinopathy. In addition, serum VEGFA levels
were significantly higher in healthy subjects with the —634 CC genotype [52]. However, in vitro
experiment using lipopolysaccharide (LPS)-stimulated peripheral blood mononuclear cell (PBMC)
demonstrated that the —634 GG correlated with higher VEGFA production [50]. A study by Shahbazi
et al. indicated that the —1154G and —2578C allele were associated with higher VEGFA production by
PBMC and acute renal allograft rejection [53]. In non-small cell lung cancer, a low VEGFA expression
in cancer tissues was significantly associated with the presence of the —2578 CC, —634 GG and —1154
AA and GA genotypes [54]. In vitro model suggested a haplotypic effect of the polymorphic VEGFA
promoter on both basal and stimulated promoter activity [55]. However, this approach cannot exclude
the interaction between polymorphisms in different positions. Results from our study (unpublished
data), by utilizing site-directed mutagenesis approach, showed that alteration of —634G to C resulting
in increased basal promoter activity. However, no transcription factor binding motif was identified at
this position [56]. Identification of transcription factor binding site using TFSEARCH (version 1.3;
Parallel Application TRC Laboratory, Real World Computing Partnership (RWCP): Tsukuba, Japan),
revealed that —634G was the potential binding site for myeloid zinc finger protein 1 (MZF1) [50],
which was expressed in hematopoietic progenitor cells that are committed to myeloid lineage
differentiation [57]. Watson et al. reported that alteration from G to C diminished the potential binding
capacity [50]. MZF1 might not have any role in breast cancer cells and transcription factor binding
motif predicted by Matlnspector Online Tool (Genomatix Software GmbH: Munich, Germany) found
no potential transcription factor binds this position [52]. Transcriptional activity assessed in human
glioma cell line (GI-1) and human lymphoblastic T-lymphocyte cell line (Jurkat) revealed that
construction bearing —1154G/—634C haplotype had higher luciferase activity than —1154G/—634G
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haplotype [58]. This agreement may indicate direct effect of alteration from G to C at —634 position on
promoter activity. Polymorphisms at this position may regulate promoter activity via post-
transcriptional level. G to C alteration may affect IRES and enhance transcription of large VEGFA
isoform [59]. Alteration of C to T at position 936 in 3' UTR had protective effect against breast cancer
and had a trend of correlation with lower plasma VEGFA levels [60]. Alteration from C to T at this
position might lead to loss of potential AP-4 binding site or be in LD with other unknown downstream
polymorphisms [61]. Analysis of mRNA stability in PBMC showed that transcript with 936C genotype
was more stable than 936T genotype [62].

Polymorphisms on positions other than promoter and 5' UTR were also reported. Abe et al. studied
the correlation between 702 C/T, 936 C/T, and 1612 G/A SNPs on 3' UTR and renal cell carcinoma in
Japanese population but did not find any association [63]. Garcia-Closas ef al. reported the protective
effect of polymorphisms in intron 2, 1378 C/T. CT genotype had protective effect against bladder
cancer in Spanish population when compared to CC genotype (OR = 0.65, 95% CI 0.46-0.91,
p =0.012) [64]. However, there was no published study on its functional significant.

Figure 2. Nomenclature of VEGFA SNPs. The positions in the upper row correspond to the
transcription start site, while the positions in the lower row correspond to the translation
start site. The polymorphisms in the box are in complete LD. —2578C is linked with —2549
18 base pairs deletion, —2489C. and —2447G insertion. —2578A is linked with —2549
18 base pairs insertion, —2489T and —2447G deletion.
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6. The Role of VEGFA Polymorphisms in Breast Cancer Risk and Aggressiveness

Several reports examined the role of VEGFA polymorphisms as summarized in Tables 1 and 2. The
most common polymorphisms that had been studied were located in promoter, 5' UTR, and 3'UTR:
—2578 A/C, —1498 C/T, —1154 G/A, —634 G/C and 936 C/T. Study in American population by
Jacobs et al. showed that —2578C allele was associated with increased risk for invasive breast cancer
but not for in situ or overall breast cancer [65]. In contrast, Schneider et al. reported that —2578 AA
genotype was associated with higher risk of breast cancer in Caucasian and African-American
population [66]. A study in Polish, German and Swedish breast cancer patients showed that VEGFA
—2578 AA was associated with a low grade tumor [51]. In —2578 CC patients with positive ER and PR
had higher incidence of recurrent [67]. This was concordant with the functional role of —2578C allele
which was associated with increased VEGFA production by PBMC [53].
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Table 1. Studies of VEGFA polymorphisms and susceptibility of breast cancer.

SNPs Authors Population Case/control Susceptibility
—2578C/A .
Langsenlehner et al. [68] Austrian 804/804 N.S.
rs699947

C allele was associated with increased
Jacobs et al. [65] American 504/501 risk of invasive cancer, OR = 1.46
(1.00-2.14), p (trend) = 0.049.
Polish German

Jin et al. [51] ) 1525/1503 N.S.
Swedish
. AA genotype was associated with higher
Caucasian, ]
i . risk of breast cancer, OR = 1.99
Schneider et al. [66] African- 175/520 .
. (1.06-3.74), p = 0.03 (adjusted by
American .
Gail score).
—2489C/T .
Langsenlehner et al. [68] Austrian 804/804 N.S.
rs1005230
—1498C/T . .
Balasubramanian ef al. [69]  Caucasian 500/498 N.S.
rs833061
Langsenlehner ef al. [68] Austrian 804/804 N.S.
Kataoka et al. [70] Chinese 1184/1093 N.S.
Caucasian, CC genotype was associated with higher
Schneider et al. [66] African- 175/520 risk of breast cancer, OR = 2.01
American (1.08-3.76), p = 0.03.
G allele was associated with increased
—-1154G/A . . . .
Jacobs et al. [65] American 504/501 risk of invasive cancer, OR = 1.64
rs1570360
(1.02-2.64), p = 0.007.
Jin et al. [51] Polish German 586/570 N.S.
. Caucasian,
Schneider et al. [66] . . 175/520 N.S.
African-American
Smith et al. [71] English 263/144 N.S.
—634G/C . .
Balasubramanian et al. [69]  Caucasian 500/498 N.S.
rs2010963
Langsenlehner ef al. [68] Austrian 804/804 N.S.
Jacobs et al. [65] American 504/501 N.S.
Jin et al. [51] Swedish 941/936 N.S.
Kataoka et al. [70] Chinese 1184/1093 N.S.
CC genotype was associated with
o Caucasian, increased risk for breast cancer,
Oliveira et al. [72] . . 235/235
African-American OR =2.20 (1.20-4.02), p = 0.01 when
compared to GG and GC genotype.
Caucasian,
Schneider et al. [66] African- 175/520 N.S.
American
=7C/T . .
Balasubramanian et al. [69]  Caucasian 500/498 N.S.
1525648

Langsenlehner et al. [68] Austrian 804/804 N.S.
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SNPs Authors Population Case/control Susceptibility
TT genotype was associated with
rs833070 . ]
) ) increased risk for breast cancer when
C/T Beeghly-Fadiel ef al. [73] Chinese 4,419/1,851
. compared to CC and CT genotype,
(intron 2)
OR =1.26 (1.05-1.52), p = 0.016.
SNPs Authors Population Case/control  Susceptibility
936C/T . .
Balasubramanian ef al. [69]  Caucasian 500/498 N.S.
rs3025039
. . T allele had protective effect OR = 0.51,
Krippl et al. [60] Austrian 500/500
(0.38-0.70), p < 0.001.
Langsenlehner ef al. [68] Austrian 804/804 N.S.
. CT was more frequent in patient group
Eroglu et al. [74] Turkish 60/60
(»=10.001)
T allele was associated with decreased
Gerger et al. [75] Austrian 500/500 risk of breast cancer, OR = 0.58
(0.44-0.76), p < 0.001.
CC genotype was associated with
Jacobs et al. [65] American 504/501 reduce risk for in situ cancer, OR = 0.59
(0.37-0.93), p = 0.052.
) CT and TT genotypes were associated
Polish BRCA1 . ]
Jakubowska et al. [76] . . 190/319 with reduced risk of breast cancer,
mutation carriers
OR =0.63 (0.41-0.98), p = 0.042.
Jakubowska et al. [77] Polish 1015/1073 N.S.
. Polish German
Jin et al. [51] . 1519/1489 N.S.
Swedish
TT genotype was associated with
) decreased risk of breast cancer in
Kataoka et al. [70] Chinese 1184/1093
premenopausal women, OR = 0.45
(0.25-0.79), p = 0.041.
Caucasian,
Oliveira et al. [72] African- 235/235 N.S.
American
Caucasian,
Schneider et al. [66] African- 175/520 N.S.
American
CT and TT genotypes had protective
Rodrigues et al. [78] Spanish 453/461 effect against breast cancer, OR = 0.67
(0.48-0.92), p (trend) = 0.014
Zhang et al. [79] Chinese 1918/1819 N.S.
1612G/A .
Langsenlehner ef al. [68] Austrian 804/804 N.S.
rs10434

N.S.: not significant.
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Table 2. Studies of VEGFA polymorphisms and aggressiveness of breast cancer.

SNPs Authors Population Case/control Aggressiveness
—2578C/A . Polish, German, AA genotype was associated with low
Jin et al. [51] ) 1525/1503
1699947 Swedish grade tumor, p (trend) = 0.04.
Langsenlehner ef al. [68] Austrian 804/804 N.S.
ER and PR positive patients with CC
Kidd et al. [67] Caucasian 441/- genotype had higher incidence of
recurrent, p (trend) = 0.026
Etienne-Grimaldi ef al. [80] Caucasian 137/- N.S.
—2489C/T .
Langsenlehner et al. [68] Austrian 804/804 N.S.
rs1005230
CC genotype tended to be associated
—1498C/T . .
Luetal [81] Chinese 1193/- with decreased OS, HR = 1.5 (0.9-2.5),
rs833061
p (trend) =0.11.
Balasubramanian et al. [69]  Caucasian 500/498 N.S.
Langsenlehner ef al. [68] Austrian 804/804 N.S.
Etienne-Grimaldi ef al. [80]  Caucasian 137/- N.S.
-1154G/A . .
Jin et al. [51] Polish, German  586/570 N.S.
rs1570360
AG was associated with good prognosis
) . * OR=2.63 (1.12-6.20), p = 0.02.
Smith et al. [71] English 263/144 ) ) .
GG was associated with negative ER,
OR =0.35 (0.14-0.84), p = 0.02.
Kidd et al. [67] Caucasian 441/- N.S.
Etienne-Grimaldi ef al. [80]  Caucasian 137/- N.S.
SNPs Authors Population Case/control ~ Aggressiveness
CC genotype was associated with tumor
—634G/C ) ) size > 20 mm, OR = 2.20 (1.27-3.82),
Jin et al. [51] Swedish 941/936 . ) )
rs2010963 p = 0.004, and higher histologic grade,
p =0.009.
) G allele was associated with decreased
Luetal [81] Chinese 1193/-
OS. HR = 1.6 (1.0-2.5) for GG genotype.
C allele was associated with maximum
Balasubramanian et al. [69]  Caucasian 500/498 size of invasive component,
p (trend) = 0.02.
. C allele was associated with small tumor
Langsenlehner et al. [68] Austrian 804/804 .
size, p <0.001.
. Caucasian/Afric
Oliveira et al. [72] . 235/235 N.S.
an-American
Kidd et al. [67] Caucasian 441/- N.S.
Etienne-Grimaldi et al. [80] Caucasian 137/- N.S.
Stage
. ) 1:1193/-
Beeghly-Fadiel et al. [73] Chinese N.S.
Stage

2:5381/-




Int. J. Mol. Sci. 2012, 13 14854

Table 2. Cont.

SNPs Authors Population Case/control Aggressiveness
=7C/T . .
Balasubramanian et al. [69] Caucasian 500/498 N.S.
1525648
Langsenlehner et al. [68] Austrian 804/804 N.S.
936C/T .
Eroglu et al. [74] Turkish 60/60 N.S.
rs3025039
Luetal [81] Chinese 1193/- N.S.
Number of T allele was correlated with
Wolf et al. [82] Caucasian 37/- FDG uptake score, p (Spearman
correlation) = 0.032.
Balasubramanian et al. [69] Caucasian 500/498 N.S.
Krippl et al. [60] Austrian 500/500 N.S.
Langsenlehner ef al. [68] Austrian 804/804 N.S.
CC genotype was correlated with
. Caucasian/Afric increased risk for aggressive breast
Oliveira et al. [72] ) 235/235
an-American cancer, OR =1.76 (1.10-2.90) and
negative ER, OR = 0.86 (1.10-3.10).
Knechtel et al. [83] Caucasian 432/- N.S.

TT and CT genotypes were associated

with longer time to progression when

Etienne-Grimaldi et al. [80] Caucasian 137/-
compared to 936 CC genotype
(11.5 vs. 9.7 months, p = 0.022).
1612G/A .
Langsenlehner et al. [68] Austrian 804/804 N.S.
rs10434

* According to Nottingham Prognostic Index; N.S.: not significant.

Schneider et al. reported the association between —1498 CC and the increased risk of breast
cancer [66], however, there was no study that supports the role of —1498 C/T polymorphisms in breast
cancer susceptibility. Survival analysis in Chinese population showed that —1498 CC genotype tended
to be associated with decreased OS [81]. Determination of VEGFA levels in breast cancer tissue, or
serum did not show any association with —1498 C/T polymorphisms [69,68]. These results indicated
that the association reported by Schneider et al. might be a false positive due to LD between —1498C/T
and other positions.

A study in Caucasian and African—American population by Oliveira ef al. revealed that —634 CC
genotype was associated with increased risk for breast cancer. Nevertheless, other studies of 634 G/C
polymorphisms did not demonstrate any association with breast cancer susceptibility. For breast cancer
aggressiveness, —634 CC genotype was associated with larger tumor size and high grade tumor in
Swedish population [51]. This was concordant with a study by Balasubramanian et al. that reported
the association between —634C allele and maximum size of invasive component in Caucasian
population [69]. In contrast, Langsenlehner et al. reported the association between —634C allele with
small tumor size in Austrian population [68]. Lu ef al. reported that —634G allele was associated with
decreased overall survival in Chinese population [81]. Our hospital based case-control study including
483 Thai breast cancer patients and 524 controls demonstrated significant association between —634
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GC and CC genotype with breast cancer susceptibility and also aggressiveness. Determination of
VEGFA mRNA levels in breast cancer tissue by Semi-quantitative reverse transcription PCR revealed
that =634 CC genotype was significantly associated with highest VEGFA mRNA when compared to
GG and GC genotype.

T allele at 936 position in 3'UTR was reported to be associated with reduced risk of breast cancer in
Austrians, Turkish, Chinese and also Polish with BRCAI mutation [60,70,74—76]. Recent large
population base case-control study in a Chinese population and large study in a Polish population
without BRCA I mutation could not demonstrate the association between 936C/T polymorphisms and
breast cancer risk [77,79]. Studies by Oliveira et al. and Etienne-Grimaldi et al. showed that the T
allele at this position was associated with lower aggressive breast cancer [72,80]. Krippl et al.
demonstrated the association between the 936T allele and lower plasma VEGFA levels, but it was not
statistically significant [60]. The other studies could not demonstrate the association (Table 3).

Table 3. Studies of VEGFA polymorphisms and levels of expression.

Levels of expression

SNPs Authors Population Case/control
Specimen Results
—2578C/A  Langsenlehner et al. [68] Austrian -/81 Plasma N.S.
1$699947
-2489C/T  Langsenlehner et al. [68] Austrian -/81 Plasma N.S.
rs1005230
—1498C/T  Balasubramanian et al. [69] Caucasian 500/498 Serum/Tissue N.S.
rs833061
Langsenlehner et al. [68] Austrian -/81 Plasma N.S.
-634G/C Balasubramanian et al. [69] Caucasian 500/498 Serum/Tissue N.S.
rs2010963
Langsenlehner et al. [68] Austrian -/81 Plasma N.S.
Oliveira et al. [72] Caucasian, 235/235 Serum N.S.
African-American
=7C/T Balasubramanian et al. [69] Caucasian 500/498 Serum/Tissue N.S.
1s25648
Langsenlehner ef al. [68] Austrian -/81 Plasma N.S.
936C/T Balasubramanian et al. [69] Caucasian 500/498 Serum/Tissue N.S.
rs3025039
Krippl et al. [60] Austrian -/21 Plasma Carriers of T allele
tend to had lower
VEGFA levels (not
reach significant)
Langsenlehner et al. [68] Austrian -/81 Plasma N.S.
Oliveira et al. [72] Caucasian, 235/235 Serum N.S.
African-American
1612G/A Langsenlehner et al. [68] Austrian -/81 Plasma N.S.
rs10434

N.S.: not significant.
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The polymorphisms in promoter and 5' UTR are in highly LD. The association between
particular polymorphisms and breast cancer susceptibility and aggressiveness might be due to linkage
with other functional polymorphisms. Haplotype analysis revealed that having 2 copy number of
—2578A/—634G haplotype was associated with lower tumor grade [51]. Jacobs et al. reported
that —2578A/—1154A/—634G was associated with reduced risk of breast cancer in American
population [65]. Balasubramanian et al. reported the association between —1498T/—634C/—=7C/936C
haplotype and reduced breast cancer risk in Caucasian population [69]. In a large case-control study in
Chinese population (1184 controls and 1093 patients), —1498T/—634G/936T haplotype was associated
with a reduced risk of breast cancer in premenopausal women [70]. However, the authors emphasized
the role of 936 C/T polymorphisms, located on 3'UTR, more than the promoter region and 5'UTR.
These two studies included the downstream polymorphisms (936 C/T), which were not in LD with the
polymorphisms upstream to the coding region. The alleles that were included in haplotype analysis
might be linked with other functional polymorphisms that were not assessed. Comparison of haplotype
analysis is complicate due to difference in alleles including in haplotypes and software that was used to
generate haplotype and determine haplotype frequency.

Meta-analysis of five VEGFA polymorphisms (—2578 A/C: 4,016 cases/4159 controls, —1498 C/T:
1616 cases/1721 controls, —1154 G/A: 3233 cases/3491 controls, —634 G/C: 5060 cases/5306 controls
and 936 C/T: 8013 cases/8203 controls) by Wang et al. showed that all five polymorphisms were not
associated with risk of breast cancer [84]. Meta-analysis of 936 C/T polymorphisms by
Yang et al. (4973 case/5035 controls) including one study with BRCAI mutation patients did not
support the role of 936 C/T polymorphisms in breast cancer [85]. Meta-analysis by Gu and Wang
(5729 cases/5868 controls) including similar studies except one study that recruited BRCA/ mutation
patients was excluded. A large study in Polish population and a small study in Turkish population were
included in this analysis and also did not find the association [86]. Meta-analysis of —634 G/C
polymorphisms in solid cancer revealed that there was no association between these polymorphisms
and risk of malignancy. Subgroup analysis showed no association with breast cancer [87].

The correlation between VEGFA polymorphisms and breast cancer susceptibility and
aggressiveness remains inconsistence. Non-replication of genetic association results is common in
several studies and may be due to difference in population, sample size, demography, and study
design. Three meta-analyses, which recruited similar primary studies, suggested null results. However,
common limitation of meta-analysis such as quality of primary study, lack of individual data for
further analysis and small size of each subgroup may lead to insufficient power. In addition, the
majority of primary studies are in Caucasians. Further well designed studies in different ethnicities are
required for conclusion.

7. Potential Clinical Application of VEGFA Polymorphisms

Incorporation of bevacizumab, a humanized monoclonal antibody to VEGFA, in chemotherapy, is
one of the rapidly evolving areas in the treatment of breast cancer. Without the assessment of VEGFA
status, several studies showed significant benefit of anti VEGFA treatment. A study of 722 women
with metastatic or locally recurrent breast cancer received paclitaxel or paclitaxel with bevacizumab
revealed that addition of bevacizumab to paclitaxel increased median progression free survival (PFS)
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from 5.9 to 11.8 months. However, the median overall survival was similar (26.7 and 25.2 months) [88].
736 breast cancer patients with locally recurrent or metastasis breast cancer were randomly assigned
to docetaxel 100 mg/m* plus either placebo or bevacizumab 7.5 or 15 mg/kg every three weeks.
Combination of bevacizumab 15 mg/kg with docetaxel showed superior median PFS to placebo plus
docetaxel (10.1 vs. 8.2 months, respectively). The response rates also increased with bevacizumab [89].
585 triple negative metastatic breast cancer patients in the ATHENA study were analyzed for the
efficacy of bevacizumab. Median time to progression was 7.2 months. Median overall survival was
18.3 months. Overall response rate was 49% with complete response in 10% [90]. On the other hand, a
randomized phase III trial compared the efficacy and safety of capecitabine with or without
bevacizumab in 462 patients did not demonstrate an improvement in progression-free survival [91].
The authors raised the issue of patient selection to identify the one who should benefit from
anti-VEGFA therapy. Baseline plasma VEGFA measured in advanced breast cancer patients before
treatment with bevacizumab and vinorelbine showed that patients who had lower baseline plasma
VEGFA had longer time to progress (9.3 months in patients with VEGFA <32.6 pg/mL vs. 3.7 months
in patients with VEGFA >32.6 pg/mL) [48]. This evidence suggested the importance of VEGFA
assessment. However, several cell types can produce VEGFA and the levels may alter
during inflammatory process. Determination of VEGFA expression in breast cancer tissue by
immunohistochemistry can distinguish the source of VEGFA, but revealed null results [92-94].
Association study of VEGFA polymorphisms in 180 advanced breast cancer patients treated with
paclitaxel alone or paclitaxel plus bevacizumab and 183 untreated patients revealed that VEGFA-2578
AA genotype was associated with better median OS in the combination arm when compared with AC
combined with CC genotype. The VEGFA-1154 AA genotype also demonstrated a better median OS
when compared to GG combined with GA genotype in the combination arm [95]. In contrast, analysis
of 127 metastatic breast cancer patients treated with bevacizumab combined or not with taxane-based
chemotherapy did not support these findings but suggested the role of 936C/T polymorphisms as a
marker of time to progression. The patients with 936 CT and 936 TT genotypes had a longer time to
progression when compared with the one with the 936 CC genotype (11.5 vs. 9.7 months) [80]. The
disagreement between these two studies might be due to different in primary end point and the former
study did not investigate the impact of 936 C/T on breast cancer progression.

These findings indicated that methods for selection of the patients that are suitable for anti-VEGFA
therapy should be developed and established. Assessment of VEGFA polymorphisms may be used for
evaluation of breast cancer susceptibility, aggressiveness and identification of patients that are suitable
for anti-VEGFA therapy. Further clinical trials, which include VEGFA polymorphism study including
a large number of patients and different ethnicities, should be conducted.
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