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Abstract Tumours secrete several pro-angiogenic fac-
tors, among which vascular endothelial growth factor
(VEGF) and its receptor (VEGF-R) are the most exten-
sively studied but not in ovarian cancer cells. The study
was designed to investigate the effect of bisphenol A
(BPA) (environmental oestrogen) and of 17β-estradiol
(E2) (endogenous estrogen) on the gene (real-time PCR)
and protein (Western blotting) expression of VEGF-R2
and VEGF-A in human non-cancer (HOSEpiC) and
ovarian cancer cell lines (SKOV-3 and OVCAR-3). In
addition, VEGF-A levels were measured in culture su-
pernatants using a colorimetric assay. Cells were ex-
posed to BPA (1, 40 and 100 nM) or 17β-estradiol
(0.1, 10 and 40 nM) for 3 to 48 h. Since differential
expression levels of basal oestrogen receptor (ERα and
ERβ) between non-cancer and cancer cell lines may
affect the response to oestrogens, receptor expression
was measured both at the gene and protein levels. Basal
ERβ expression was similar in all cell lines, and ERα
expression was significantly higher in the SKOV-3 cell
line. Basal VEGF-R2 expression was higher in cancer
than non-cancer cell lines, and in contrast, VEGF-A
expression was significantly lower in both SKOV-3
and OVCAR-3 cancer cell lines. Exposure of non-
cancer cells to BPA and E2 was associated with a
significant increase in VEGF-R2 expression but had
no effect on VEGF-A expression or secretion. In

contrast, exposure of cancer cells to BPA, but not E2,
increased VEGF-R2 and VEGF-A expression and se-
cretion. In conclusion, (1) BPA and E2 regulated VEGF-
R2 and VEGF-A expression differently in non-cancer
and cancer cells, and (2) BPA has a direct stimulatory
effect on VEGF-R2 and VEGF-A expression in both,
while E2 appears to be uninvolved in the regulation of
VEGF-R2 and VEGF-A expression in cancer cells.
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Introduction

Bisphenol A (BPA), a key component of polycarbonate
plastic, is present in a multitude of products, including
the interior coatings of food cans and milk containers
and dental sealants (Welshons et al. 2006).
Biomonitoring studies found BPA in the serum, milk,
saliva and urine of humans in nanomolar concentrations
(Vandenberg et al. 2010). Our previous data indicate that
BPA, at concentrations in the range of those found in
human blood samples, up-regulates genes responsible
for inducing cell proliferation and down-regulates those
involved in the inhibition of cell proliferation in
OVCAR-3 cells (Ptak et al. 2011). In addition, we
previously demonstrated that BPA is associated with a
decrease in the expression and activity of the execution-
er caspase-3 by the ERK1/2 signal transduction pathway
in OVCAR-3 cells (Ptak et al. 2013). Moreover, we
observed that BPA induced the activity and expression
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of MMP-2, MMP-9 and N-cadherin, leading to en-
hanced migration of OVCAR-3 cells (Ptak et al.
2014). The stimulatory effects of BPA on cell migration
were similar to those of 17β-estradiol in OVCAR-3
cells (Ptak et al. 2014).

Angiogenesis is a complex process regulated by nu-
merous endogenous pro-angiogenic and anti-angiogenic
factors (Ferrara and Kerbel 2005) that play a crucial role
in physiological and pathological conditions. Vascular
endothelial growth factor-A (VEGF-A commonly
called VEGF) is the predominant VEGF species
expressed by tumour cells (Dvorak 2002). VEGF-A acts
through its tyrosine kinase receptors, VEGF-R1 (Flt-1)
and VEGF-R2 (Flk-1/KDR) (Ferrara 1999; Neufeld
et al. 1999), with VEGF-R2 being the major mediator
of angiogenesis in solid tumours. VEGF-A is up-
regulated in most solid tumours, including ovarian can-
cers, and correlates with tumour progression and poor
prognosis (Siddiqui et al. 2010; Yu et al. 2013).

Several studies have shown a significant increase in
serum VEGF-A levels in patients with ovarian cancer
compared to healthy individuals (Paley et al. 1997;
Yamamoto et al. 1997; Kraft et al. 1999). In addition,
the expression of VEGF-A and VEGF-R2 in ovarian
carcinomas are higher than that in benign or normal
ovarian tissue (Chen et al. 2004). While VEGF-R2
expression in ovarian cancer cells has been reported
(Chen et al. 2004; Nishida et al. 2004; Abu-Jawdeh
et al. 1996), its functional significance is not known.

Recent evidence revealed that oestrogen may play an
important role in angiogenesis. Oestrogen up-regulates
VEGF-A in breast (Higgins et al. 2006; Garvin et al.
2006) and endometrial tissues (Fujimoto et al. 1999). In
addition, BPA (which has oestrogenic activity) up-
regulates VEGF-A expression in reproductive tissues,
such as the rat uterus and vagina (Long et al. 2001),
swine ovary (Grasselli et al. 2010), and MELN breast
cancer cells (Buteau-Lozano et al. 2008).

To our knowledge, even though VEGF and its recep-
tor (VEGF-R) are the most extensively studied pro-
angiogenic factors, there are no reports on the effects
of xenoestrogens and even 17β-estradiol on VEGF-A
expression in ovarian cancer cells. Therefore, the pres-
ent study was performed to investigate the effects of
BPA (a representative environmental oestrogen) and of
E2 (an endogenous oestrogen) on VEGF-A secretion
and on VEGF-A and VEGF-R2 mRNA and protein
levels in two human epithelial ovarian cancer cell lines
(OVCAR-3 and SKOV-3) and the non-cancer epithelial

ovarian cell line, the human ovarian surface epithelial
cells (HOSEpiC).

Materials and methods

Cell culture and treatments

HOSEpiC were purchased from ScienCell Research
Laboratories (Carlsbad, CA, USA) and maintained in
OEpiCM medium as recommended by the manufactur-
er. HOSEpiC from ScienCell Research Laboratories are
isolated from human ovarian tissue and are recommend-
ed and used as normal epithelial cells (Guo et al. 2011;
Li et al. 2014). HOSEpiC cells were used at passage 2–3
in all experiments.

The OVCAR-3 and SKOV-3 human ovarian epithe-
lial carcinoma cell lines were obtained from the
American Type Culture Collection (Manassas, VA,
USA). OVCAR-3 cells were routinely cultured in
RPMI 1640 medium (PAA Laboratories GmbH,
Cölbe, Germany), and SKOV-3 cells were propagated
in McCoy’s 5A modified medium (Sigma Chemical
Co., St. Louis, MO, USA). Both cell lines were supple-
mented with 50 U/ml penicillin, 50 μg/ml streptomycin,
and 10%v/v heat-inactivated foetal bovine serum (FBS)
(PAA Laboratories GmbH). All cultures were main-
tained in a humidified incubator with 5 % CO2 at
37 °C. The propagation medium was replaced with
medium without serum 24 h before each experiment.
The experiments were performed in serum-free
medium.

BPA (AccuStandard Inc., NewHaven, CT, USA) and
E2 (Sigma) were dissolved in absolute ethanol. The final
concentration of ethanol in the medium was 0.1 %. The
cells were exposed to vehicle (0.1 %), BPA (1, 40 and
100 nM) or E2 (0.1, 1 and 40 nM) for 3, 24 and 48 h.

Real-time PCR analysis

The expression of the ERα, ERβ, VEGF-R2 and
VEGF-A genes was evaluated by real-time polymerase
chain reaction (PCR). Total RNA isolation and cDNA
synthesis were performed using the TaqMan Gene
Expression Cells-to-CT kit (Applied Biosystems,
Foster City, CA, USA) according to the manufacturer’s
protocol. The lysis solution contained DNase I to re-
move genomic DNA during cell lysis. The resulting pre-
amplified cDNA preparations were analysed by real-
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time PCR in a StepOnePlus real-time PCR system
(Applied Biosystems) using TaqMan Gene Expression
Assays, and TaqMan Gene Expression Master Mix con-
taining ROX (Applied Biosystems) according to the
manufacturer’s instructions. The PCR conditions were
as follows: incubation for 2 min at 50 °C, then 10 min at
95 °C, followed by 40 cycles (denaturation step, 15 s at
95 °C; annealing/elongation step, 60 s at 60 °C).
Duplicate control samples prepared for each gene with-
out cDNA showed no DNA contamination. The expres-
sion of ERα (ESR1; Hs00174860_m1), ERβ (ESR2;
Hs01100353_m1), VEGF-R2 (KDR;Hs00911700_m1)
and VEGF-A (Hs00900055_m1) was normalised to that
of GADPH (4310554E). Relative expression was quan-
tified using the 2−ΔΔCt method (Livak and Schmittgen
2001). The qPCR amplification efficiency of all of the
examined genes was within the range of 90–110 %.

Western blot analysis

The expression of ERα, ERβ, VEGF-R2 and VEGF-A
proteins was evaluated by Western blotting. Cells were
washed with ice-cold PBS and lysed in ice-cold buffer
(lysis buffer 50 mM Tris-HCl pH 7.5, 100 mM NaCl,
0.5 % sodium-deoxycholate, 0.5 % Nonidet NP-40 and
0.5 % SDS) supplemented with the protease inhibitor
cocktail tablet (Roche Molecular Biochemicals,
Mannheim, Germany). The protein concentration of the
cell lysate was determined using the Bradford assay (Bio-
Rad Protein Assay, Bio-Rad Laboratories, Munich,
Germany). The cell lysate was boiled for 5 min in sample
buffer (50 mM Tris-HCl pH 6.8, 12.5 % glycerol, 1 %
sodium dodecylsulfate, 0.01 % bromophenol blue,
200 mM dithiothreitol). Protein (30 μg from each treat-
ment group) was separated by 6 % and 10 % SDS-PAGE
and transferred to PVDF membranes using a Bio-Rad
Mini-Protean 3 apparatus (Bio-Rad Laboratories). The
blots were blocked for 2 h with 5 %w/v BSA and
0.1 %v/v Tween 20 in 0.02-M Tris-buffered saline
(TBS). The blots were incubated overnight at 4 °C with
antibodies specific for ERα (sc-542), ERβ (sc-8974),
Flk-1 (sc-101560) (also designated VEGF-R2) and
VEGF-A (sc-152) (Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA). VEGF-R2 antibodies have good
specific reactivity with three forms of VEGF-R2 includ-
ing 150-kDa immature, 200-kDa intermediate glycosyl-
ated, and 230-kDa mature glycosylated proteins. To con-
trol for loading, the same membranes were
immunoblotted for β-actin (antibody from Sigma

Chemical Co.). After incubation with the primary anti-
bodies, the membranes were washed three times and
incubated for 1 h with a horseradish peroxidase-
conjugated secondary antibodies for Flk-1 and VEGF-A
(Santa Cruz Biotechnology) orβ-actin (DakoCytomation
(Glostrup, Denmark)). Immunopositive bands were
visualised using Western Blotting Luminol Reagents
(Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA)
and quantified by densitometry (EasyDens, Cortex
Nowa, Poland).

VEGF-A secretion

The secretion of VEGF-A was assessed using human
VEGF-A ELISA (EIAab Science Co., Ltd, Wuhan,
China) according to the manufacturer’s instructions.
Serum-free supernatant was centrifuged, collected and
stored at −70 °C. Absorbance was measured with an
ELx800 microplate reader (BioTek Instruments,
Winooski, VT, USA) using a 450-nm filter. Data were
recorded and analysis was performed using the KC
JUNIOR software (BioTek Instruments).

Statistical analysis

Data were expressed as means±S.E.M. from four inde-
pendent experiments performed in triplicates. Statistical
analyses were performed using GraphPad Prism 5. Data
were analysed by one-way analysis of variance
(ANOVA) followed by Tukey’s honestly significant
differences (HSD) multiple range test or two-way
ANOVA followed by Tukey’s honestly significant dif-
ferences (HSD) multiple range test when different times
were compared. A P<0.05 was considered statistically
significant.

Results

Basal ERα and ERβ gene and protein expression

For each transcript, the relative quantity (RQ) obtained
in non-cancer human ovarian epithelial cells
(HOSEpiC) was arbitrarily set as 1. Basal ERα tran-
script and protein levels were similar in HOSEpiC and
OVCAR-3 cells, while there was an 8-fold increase in
ERα transcript levels and a 2-fold increase in protein
levels in SKOV-3 cells (Fig. 1a, b; P<0.001). Both basal
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ERβ transcript levels and protein levels were similar in
all three cell lines (Fig. 1c, d).

Basal VEGF-R2 and VEGF-A gene expression
and VEGF-A secretion

Basal VEGF-R2 expression was higher in the cancer
cells (2.9-fold and 3.6-fold in SKOV-3 cells at 3 h and
24 h, respectively, and 2.1-fold and 2.8-fold in OVCAR-
3 cells at 3 h and 24 h, respectively) than in the non-
cancer HOSEpiC cells (Fig. 2a; P<0.001). By contrast,
VEGF-A expression was significantly lower in the can-
cer cell lines (3.3-fold and 10-fold reductions in SKOV-
3 cells at 3 h and 24 h, respectively, and 5-fold and 10-
fold reductions in OVCAR-3 cells at 3 h and 24 h,
respectively) than in the non-cancer HOSEpiC cells
(Fig. 2b; P<0.001). The VEGF-A secretion pattern
correlated with the VEGF-A expression pattern as it

was lower in the cancer cells (3-fold) than in the non-
cancer cells (Fig. 2c; P<0.001).

Effect of BPA and E2 on VEGF-R2 mRNA and protein
expression

In HOSEpiC cells, BPA exposure correlated with in-
creased VEGF-R2 gene expression (by 1.5-, 2.0- and
1.7-fold at 3 h upon exposure to 1, 40 and 100 nM,
respectively, and by 3.0-, 2.8- and 2.7-fold at 24 h upon
exposure to 1, 40 and 100 nM, respectively) compared
to the control (Fig. 3a; P<0.05, P<0.001). Exposure to
E2 correlated with increased VEGF-R2 gene expression
at 1 and 40 nM at 3 h (1.6-fold), and at all concentrations
at 24 h (2-fold, 3.2-fold and 3.5-fold, respectively)
(Fig. 3a; P<0.05, P<0.001).

In SKOV-3 and OVCAR-3 cells, neither BPA nor E2
had any effect on VEGF-R2 mRNA expression at 3 h.
At 24 h, only BPA correlated with increased VEGF-R2

Fig. 1 Oestrogen receptor expression. Basal ERα amRNA, b protein expression, and ERβ cmRNA and d protein expression in non-cancer
HOSEpiC and cancer OVCAR-3 and SKOV-3 cell lines. β-actin was used as a loading control. ***P<0.001 compared to HOSEpiC cells
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mRNA expression (at all concentrations tested) in
SKOV-3 cells (2.5-fold, 2.3-fold and 1.8-fold upon ex-
posure to 1, 40 and 100 nM, respectively) and in
OVCAR-3 cells (1.6-fold, 1.7-fold and 1.6-fold upon
exposure to 1, 40 and 100 nM, respectively) (Fig. 3b, c;
P<0.05, P<0.001).

All glycosylated forms of VEGF-R2 protein were
present in HOSEpiC cells as well as in SKOV-3 and
OVCAR-3 cells. Western blot analysis reflected the
real-time PCR analyses; in HOSEpiC cells, BPA and
E2 stimulated VEGF-R2 protein expression (Fig. 3d),
while in SKOV-3 and OVCAR-3 cells only BPA stim-
ulated VEGF-R2 protein expression (Fig. 3e, f).

Effect of BPA and E2 on VEGF-A mRNA and protein
expression

In the non-cancer cells, neither BPA nor E2 had any
effect on VEGF-A gene expression (Fig. 4a), and pro-
tein expression (Fig. 4d).

In cancer cells, only BPA correlated with increased
expression of VEGF-A mRNA at all concentrations
tested, after 24 h of treatment (1.5-fold, 1.5-fold and
1.8-fold upon exposure to 1, 40 and 100 nM, respec-
tively) in SKOV-3 cells, and at 3 h in OVCAR-3 cells
(by 1.5-fold, 1.62-fold and 1.72-fold upon exposure to
1, 40 and 100 nM, respectively) (Fig. 4b, c; P<0.05).
VEGF-A protein expression was also slightly increased
at 24 h (Fig. 4e, f) after BPA exposure. Exposure to E2
had no effect on VEGF-A gene or protein expression in
any cancer cell tested (Fig. 4b, c, e, f).

Effect of BPA and E2 on VEGF-A secretion

BPA increased VEGF-A secretion at all concentra-
tions tested in both SKOV-3 cells (1797±111 pg/ml,
1659±169 pg/ml and 1658±38 pg/ml at 1, 40 and
100 nM, respectively, vs. 1355±16 pg/ml) and
OVCAR-3 cells (1707±151 pg/ml, 1875±176 pg/
ml,and 1797±45 pg/ml at 1, 40 and 100 nM,

Fig. 2 VEGF-R2 and VEGF-A expression. Basal a VEGF-R2
mRNA, b VEGF-A mRNA, and c VEGF-A secretion in non-
cancer HOSEpiC and cancer OVCAR-3 and SKOV-3 cell lines.

Expression levels were normalised to those of GADPH. RQ rela-
tive quantity. HOSEpiC expression value=1.0. ***P<0.001 com-
pared to HOSEpiC cells
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respectively, vs. 1457±14 pg/ml) (Fig. 5b, d;
P<0.05). However, E2 had no effect on VEGF-A
secretion in either OVCAR-3 or SKOV-3 cells
(Fig. 5b, d). In the non-cancer cells, neither BPA
nor E2 had an effect on VEGF-A secretion (Fig. 5a).

Discussion

In this study, higher basal VEGF-R2 gene expression
levels were detected in cancer cells than in the non-
cancer HOSEpiC cells. In contrast, significantly less

Fig. 3 Real-time PCR analysis of VEGF-R2 mRNA. Effect of
BPA (1–100 nM) and E2 (0.1–40 nM) on VEGF-R2 expression in
the non-cancer HOSEpiC cells (a) and cancer SKOV-3 (c) and
OVCAR-3 (e) cells. VEGF-AmRNA expression after exposure to
the test compounds for 3 or 24 h. Expression levels were normal-
ised to those of GADPH and then to the control cells. RQ relative
quantity. Control value=1.0. b, d, f Immunoblot analysis of

VEGF-R2 protein expression after exposure of the cells to the test
compounds for 24 h. β-actin was used as a loading control.
*P<0.05 and ***P<0.001 compared to control cells. Statistically
significant differences between time-dependent experiments are
indicated with different letters, and the same letters indicate no
significant difference, with a<b<c<d, p<0.05
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VEGF-A transcripts were detected in the cancer cell
lines than in the non-cancer HOSEpiC cells. This obser-
vation is consistent with previously published data
showing that VEGF-R2 is overexpressed in human
bladder tumours, melanomas and breast cancer tissue

(Wu et al. 2003; Straume and Akslen 2001; Speirs and
Atkin 1999; Price et al. 2001; Kranz et al. 1999; Ryden
et al. 2003; Nakopoulou et al. 2002). In addition,
Spannuth et al. (2009) reported that VEGF-R2 expres-
sion, measured by immunofluorescence, was low or

Fig. 4 Real-time PCR analysis of VEGF-A mRNA. Effect of
BPA (1–100 nM) and E2 (0.1–40 nM) on VEGF-A expression
in the non-cancer HOSEpiC cells (a) and cancer SKOV-3 (c) and
OVCAR-3 (e) cells. VEGF-A expression after exposure to the test
compounds for 3 or 24 h. Expression levels were normalised to
those of GADPH and then to the control cells. RQ relative quan-
tity. Control value=1.0. b, d, f Immunoblot analysis of VEGF-A

protein expression after exposure of the cells to the test compounds
for 24 h.β-actin was used as a loading control. *P<0.05 compared
to control cells. Statistically significant differences between time-
dependent experiments are indicated with different letters, and the
same letters indicate no significant difference, with a<b<c<d,
p<0.05
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absent in the epithelial cells of normal ovaries but pres-
ent in 75 % of invasive ovarian cancer samples
analysed.

Our data showed that BPA significantly increased
VEGF-R2 expression in both cancer and non-cancer
cells despite the differences in basal VEGF-R2 expres-
sion between these cell types. This suggests a possible
intensification of pro-angiogenic activity by creating
more binding sites for VEGF. In support, a study ad-
dressing the effects of BPA on VEGF-R2 expression
showed that 1 nM–1 μM BPA significantly stimulated
VEGF-R2 mRNA expression in human umbilical vein
endothelial cells (HUVEC) at 6 h (Andersson and
Brittebo 2012). Moreover, whereas basal VEGF-A ex-
pression and secretion were lower in cancer cells, BPA
increased VEGF-A expression and secretion in cancer
but not in non-cancer cells (which were characterised by
high VEGF-A expression and secretion). Our results
concerning cancer cells are consistent with data showing
that BPA (1 μM) stimulates VEGF-A mRNA expres-
sion at 6 h and secretion at 24 h in the breast cancer cell
lines MCF-7 and MELN (Buteau-Lozano et al. 2008).
In addition, Andersson and Brittebo (2012) reported

increased VEGF-A gene expression in HUVEC exposed
to 1 nM–1 μΜ BPA for 6 h. Our data showing the lack
of effect of BPA on VEGF-A expression and secretion
in non-cancer cells are supported by the observations of
Romani et al. (2013) who showed unchanged VEGF-A
levels in human luteal cells upon exposure to BPA.
However, there are also data showing a stimulatory
effect of BPA in doses of 1–10 μM on VEGF-A secre-
tion in swine granulosa cells (Grasselli et al. 2010) and
37.5–150 mg/kg BPA on VEGF-A mRNA expression
in rat uterus and vagina (Long et al. 2001).

In contrast, E2 stimulated VEGF-R2 expression only
in non-cancer cells with low basal VEGF-R2 gene ex-
pression. To our knowledge, there is no information
regarding the effect of E2 on VEGF-R2 expression in
ovarian cancer cells. Studies of the effect of E2 on
VEGF-R2 expression in breast cancer cells are ambig-
uous: Higgins et al. (2006) showed that E2 induces
VEGF-R2 expression in ZR-75 breast cancer cells but
decreases VEGF-R2 mRNA levels in MCF-7 cells
(Higgins et al. 2008). There also is no information
regarding the effect of E2 on VEGF-A expression and
secretion in ovarian cancer cells. We showed that E2

Fig. 5 Effect of BPA (1–100 nM) and E2 (0.1–40 nM) on VEGF-A secretion in the non-cancer HOSEpiC cells (a) and cancer SKOV-3 (b)
and OVCAR-3 (c) cells after exposure to the test compounds for 48 h. C control (untreated cells). *P<0.05 compared to control cells
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does not alter VEGF-A expression levels and secretion
in both cancer and non-cancer cell types, despite the
high basal expression in non-cancer and low expression
in cancer cells. There are data showing the action of E2
on VEGF-A expression in breast cancer cells.
Stimulatory effects were described by Ruohola et al.
(1999) and Buteau-Lozano et al. (2008) in MCF-7
breast cancer cells and by Stoner et al. (2004) in ZR-
75 breast cancer cells. Stimulatory effects of E2 on
VEGF have been observed in cell lines that predomi-
nantly expressed the oestrogen receptor alpha (ERα)
(Al-Bader et al. 2011; Hevir et al. 2011). In human
ovaries, ERβ is predominantly expressed in the granu-
losa cells, theca cells, surface epithelium and corpus
luteum (Drummond and Fuller 2012). This should ex-
plain the discrepancy in our results and those previously
published with breast cancer cells. Buteau-Lozano et al.
(2008) showed unchanged VEGF-A levels in MDA-
MB-231 cells upon exposure to E2. MDA-MB-231
cells express only ERβ and not ERα (Hevir et al. 2011).

The different effects of BPA and E2 observed in our
study independent of the basal VEGF-R2/VEGF-A ex-
pression suggest that regulation of pro-angiogenic fac-
tors in ovarian cells is dependent on basal ERα/ERβ
expression. A previous study indicated that BPA-
induced VEGF-A expression is associated with an
oestrogen-mimicking effect (Buteau-Lozano et al.
2008).

Our data showed a lack of difference in the basal
ERβ gene and protein levels in cancer and non-cancer
cells, and similar, low ERα gene and protein levels in
non-cancer HOSEpiC and cancer OVCAR-3 cells,
while significantly higher in SKOV-3. Surprisingly, we
did not observe differences in E2 action in SKOV-3 and
OVCAR-3 in addition to the significant differences in
ERα gene and protein levels. Although both OVCAR-3
and SKOV-3 express ERα and ERβ, OVCAR-3 cells
show lower ERα levels in comparison to SKOV-3.
However, SKOV-3 carry an ERα exon 1 deletion mu-
tation (Lau et al. 1999), which may explain the lack of
differences in the response of OVCAR-3 and SKOV-3
to estradiol.

It has also been reported that BPA induces VEGF-R2
and VEGF-A expression in cells expressing ERβ but
not ERα (HUVEC cells) (Andersson and Brittebo
2012). We showed that both ERβ mRNA and protein
levels were similar in all tested cell lines and that BPA
but not E2 induced VEGF-R2 and VEGF-A expression
and VEGF-A secretion. In breast cancer cell lines

MDA-MB-231 and T47D, which express only ERβ,
previous data showed that VEGF levels were un-
changed after treatment with E2. The heterodimerisation
of ERα/ERβ may inhibit oestrogen-induced VEGF ex-
pression (Dadiani et al. 2009), which may explain the
lack of E2 response in OVCAR-3 cells containing both
ERα/ ERβ.

In conclusion, (1) BPA by increases VEGF-R2 re-
ceptor expression, especially in cancer cells, could cre-
ating more binding sites for VEGF-A, and (2) E2 ap-
pears to be uninvolved in the regulation of VEGF-R2
and VEGF-A expression in ovarian cancer cells.
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