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Abstract. Background: VEGF (Vascular Endothelial Growth
Factor) is a key factor of angiogenesis and high tissue VEGF
levels are related to a poor prognosis in breast cancer. Materials
and Methods: By semi-quantitative RT-PCR, we determined the
relative expressions of VEGF mRNA in MCF-7 (both ER-·+
and ER-‚+ (mainly ER-·+), PR+, bcl-2+, EGFR-) and MBMDA-231 (only ER-‚+, PR-, EGFR-) breast cancer cells which
were treated with estrogen, tamoxifen and EGF (Epidermal
Growth Factor). Results: In MCF-7 cell lines, estrogen induced
the expression of VEGF mRNA while tamoxifen reduced its
expression. Estrogen and tamoxifen did not confer any
significant effect on MB-MDA-231 cells and EGF showed no
significant effect on MCF-7 or MB-MDA-231. Conclusion:
Reduced VEGF mRNA expression of MCF-7 cells treated with
tamoxifen may be related to the antagonistic effect of tamoxifen
on ER-positive breast cancer, and this antagonistic effect may
be related to ER-·.
Angiogenesis plays an essential role in breast cancer. VEGF
(Vascular Endothelial Growth Factor), also called vascular
permeability factor, is a potent endothelial stimulator of
proliferation, migration and tubular organization in
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angiogenesis (1, 2). The level of VEGF expression is strongly
correlated with intratumoral microvessel density, metastasis
and poor prognosis (3). A significantly lower rate of response
to first-line endocrine therapy was observed in patients with
high VEGF levels, although its levels did not predict the
response rate of first-line chemotherapy (4). VEGF mRNA
and/or protein expression levels are low in the normal human
mammary gland and are markedly higher in primary and
metastatic breast cancer. In addition, high tumor VEGF levels
increase the risk of recurrence, and are associated with shorter
progression-free survival and post-relapse overall survival (5).
Human VEGF genes contain eight exons and seven
introns. VEGF proteins result from the alternative splicing
of VEGF pre-mRNA from a single gene. There are several
VEGF isoforms, of 121, 165, 189 and 206 amino acids (6). An
additional isoform composed of 145 amino acids is expressed
in placental cells and in various carcinoma cells of the female
reproductive tract (7). Among the VEGF variants, VEGF121
and VEGF165 are the most commonly expressed in breast
cancer tissue. These isoforms differ with respect to their
heparin-binding capacity. VEGF121 is easily diffusible,
whereas the others have heparin-binding regions which can
bind to cell surfaces and the extracellular matrix (2).
Estrogen is a major risk factor for the development of
breast cancer and a modulator of angiogenesis in breast
cancer tissue. However, the regulatory mechanisms of VEGF
related to estrogen on breast cancer cells have not been
defined. Several studies have reported that estrogen induces
VEGF at both the mRNA and protein level in breast cancer
cells (8-11), but Hyder et al. (12) found no VEGF mRNA or
protein induction in any human breast cancer cells, including
MCF-7 and MD-MBA-231 treated with estrogen. A recent
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study showed down-regulated expressions of the mRNA of
VEGFs in estrogen-treated MCF-7 cells (13).
Acting as both an estrogen agonist and antagonist, tamoxifen
is the most frequently used drug in endocrine therapy of breast
cancer (11). It has been suggested that tamoxifen acts through
functional estrogen response elements in the VEGF promoter
gene (14), and that exposure to tamoxifen increases VEGF
mRNA expression in MCF-7 cells (8-11). However, another
study did not find such an effect (13). Still it is unclear whether
tamoxifen up- or down-regulates VEGF.
In addition to the conventional estrogen receptor-· (ER-·),
another isoform, estrogen receptor-‚ (ER-‚), responds to
estrogen and anti-estrogens differently (15). ER-· seems to
mediate estrogen-dependent growth and the development of
the mammary gland (16). The effect of ER-‚ remains controversial. It has been suggested that VEGF is a target gene for
ER-· and ER-‚ in breast cancer cells, and that the agonist or
antagonist effect of tamoxifen is related to the ER subtype (17).
Studies on the effects of estrogen and tamoxifen on VEGF
expression have been performed with respect to expressing
ER-· or ER-‚. MCF-7 cells have both ER-· and ER-‚ but
express mainly ER-·, while MD-MBA-231 cells express only
ER-‚. Several reports have compared the effect of estrogen
and/or tamoxifen with respect to ER-· or ER-‚ by using
MCF-7 and MBA-231 cells (8, 12, 18), transfected MCF-7 and
MD-MBA-231 cells (17) or transfected Ishikawa cells (19-21).
There is a controversy about the effects of estrogen and
tamoxifen. To investigate the effects of estrogen and tamoxifen
on the expression of VEGF mRNA in different breast cancer
cells according to their ER subtype profile, we chose the
MCF-7 and MD-MBA-231 cell lines and have examined the
effect of EGF on VEGF expression in these two cell lines.

Materials and Methods
Cell culture. The human mammary carcinoma cell lines MCF-7 and
MB-MDA-231 were obtained from the Korean Cell Line Bank.
They were plated in 75-cm2 flasks (Falcon) and cultured in medium
A (RPMI 1640 with 2 mM glutamine, 1% penicillin–streptomycin
(100 U/ml), 5% fetal bovine serum) in a 37ÆC incubator under 5%
CO2. To avoid the uncontrolled effects of endogenous and
exogenous estrogen, the culture medium was changed for medium
B (phenol red-free RPMI 1640 with 2 mM glutamine, 1%
penicillin-streptomycin (100 U/ml), 5% dextran-coated charcoalstripped fetal bovine serum), and cells were cultured overnight
prior to treatment with the experimental concentrations of
estrogen, tamoxifen, or EGF.
Semi-quantitative RT-PCR. Total RNA was extracted from the cell
lysates with TRIzol reagent (Gibco- BRL Technologies, Maryland,
USA). The RNA pellet was dissolved in diethyl pyrocarbonate
(DEPC)-treated H2O to contain approximately 0.5 Ìg/ml to 1.0 Ìg/ml,
and stored at -70ÆC. The quantity and quality of the RNA
preparations were determined by absorbance at 260 and 280 nm. One
microgram of total RNA sample was reverse transcribed using the
first-strand cDNA synthesis kit (Roche Applied Science, Mannheim,
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Germany) with random primer p(dN)6, according to the
manufacturer’s instructions. The cDNA was purified using phenol :
chloroform : isoamyl alcohol (25 : 24 : 1) solution and dissolved in
sterile distilled water. RT-PCR was performed on each cell line
before treatment and after 1, 3, 12, or 24 hours of treatment with
1 nM estrogen, 1 ÌM tamoxifen or 10 ng/ml EGF. For PCR
amplification, the following two primers were used: forward primer
nucleotides: 5’-CTGGATCCATGGCAGAAGGAGGAG-3’ (Exon
2); reverse primer nucleotides: 5’-GAATTCAGACCGCCTCGG
CTTGTC-3’ (Exon 8). Amplification conditions used were 94ÆC for
30 seconds, 61ÆC for 1 minute and 72ÆC for 1 minute; 35 cycles. Taq
polymerase was obtained from TaKaRa Shuzo Co Ltd. (Tokyo,
Japan). PCR products were electrophoresed in 2% agarose gel and
stained with ethium bromide (Sigma Chemical Company, Missouri,
USA) to identify mRNAs of VEGF121 and VEGF165. Data are
represented as mean±SEM from three separate experiments.
Quantification of autoradiographs. The density of the gel image was
quantified and digitized using the Biological Image Processing
System 3.0 (Biomedlab Co., Seoul, Korea). The optical density of
bands was analyzed with background subtraction using
ImageQuant software. The density of ‚-actin from the same cDNA
was used to determine relative densities.
Statistical analysis. Independent t-test was used to compare the
mean values of relative expression to control between different
experimental groups.

Results
Semi-quantitative RT-PCR and 2% gel electrophoresis of the
products from the MCF-7 breast cancer cells showed a timedependent increase in the expression of both VEGF121 and
VEGF165 mRNAs after treatment with 1 nM of estradiol. For
MCF-7 cells treated with 1 mM tamoxifen, time-dependent
reductions in the expressions of VEGF121 and VEGF165
mRNAs were observed. No change with respect to control was
observed in EGF-treated MCF-7 cells over 48 hours.
Densitometry showed similar results to RT-PCR. A
comparison of the relative densities of VEGF mRNA showed
a ratio of 1: 2.94 (control vs. 48 hours later) after treatment
with estradiol (p=0.018). The relative density of VEGF
mRNA was down-regulated with a ratio of 1: 0.65 (control vs.
48 hours later) after tamoxifen treatment (p=0.024). No
significant change in transcriptional activity of VEGF was
observed by EGF treatment (p=0.318) (Figure 1).
In the case of the MB-MDA-231 breast cancer cell line,
no significant change with respect to control was observed
in the expression of VEGF mRNA following treatment with
estradiol (1 nM), tamoxifen (1 ÌM), or EGF (10 ng/ml)
(p=0.431, 0.331 and 0.283, respectively) (Figure 2).

Discussion
Most studies agree that estrogen induces the expression of
VEGF in MCF-7 cells which express predominantly ER-· (811, 17, 18). We also showed a time-dependent increase of the
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Figure 1. (A) VEGF expression in 2% gel electrophoresis of the RT-PCR
products in MCF-7 cells treated with estradiol (1 nM), tamoxifen (1 ÌM),
or EGF (10 ng/ml). For MCF-7 cell lines treated with 1 ÌM tamoxifen,
we observe time-dependent reductions in the expressions of VEGF mRNA.
(B) Densitometry measurement of in vitro relative expressions of VEGF
in MCF-7 cells treated with estradiol (1 nM), tamoxifen (1 ÌM), or EGF
(10 ng/ml). The relative densities of VEGF mRNA show a ratio of 1: 2.94
after treatment with estradiol (p=0.018) and 1: 0.65 after tamoxifen
treatment (p=0.024) (control vs. after 48 hours).

expression of VEGF mRNA in MCF-7 cells. However, it has
also been reported that estrogen does not affect the VEGF
level, or even reduces its expression in MCF-7 cells in vitro (12,
13). In MB-MDA-231 cells which express only ER-‚, estrogen
did not induce VEGF mRNA (11, 17, 18) or even reduced
VEGF protein expression (8). According to our study, estrogen
did not affect the transcriptional activity of VEGF mRNA in
MB-MDA-231 cells. Buteau-Lozano et al. (17) reported that
estrogen increases VEGF mRNA in ER-‚-coexpressing
MCF-7 cells and ER-·-coexpressing MB-MDA-231 cells. From
these results, we believe that estrogen plays an important role in
the induction of VEGF in the presence of ER-·, while it does
not in the case of ER-‚-only-expressing breast cancer cells. This
means that endogenous ER-‚ does not support estrogen to
induce VEGF production, although estrogen induces VEGF
expression in the presence of both ER-· and ER-‚.
Tamoxifen has both agonistic and antagonistic activity,
depending on the tissue type, and its effects have not been
clearly defined in breast cancer cells. Tamoxifen seems to
induce the expression of VEGF in MCF-7 cells (9-11), or
have no effect (8, 13). Unexpectedly, in our experiment with

Figure 2. (A) VEGF expression in 2% gel electrophoresis of the RT-PCR
products in MD-MBA-231 cells treated with estradiol (1 nM), tamoxifen
(1 ÌM), or EGF (10 ng/ml). (B) Densitometry measurement of in vitro
relative expressions of VEGF in MD-MBA-231 cells treated with
estradiol (1 nM), tamoxifen (1 ÌM), or EGF (10 ng/ml). There is no
significant change with respect to control.

tamoxifen in MCF-7 cells, we observed a reduction in VEGF
mRNA expression, which may explain the antagonistic effect
of tamoxifen on ER-positive breast cancer. Tamoxifen did
not increase the VEGF mRNA level in MB-MDA-231 cells
(8, 18). Tamoxifen showed no effect on the transcriptional
activity of VEGF mRNA in MB-MDA-231 cells in our study.
In an experiment on ER-·-transfected MD-MBA-231 cells
and on ER-‚-transfected MCF-7 cells, tamoxifen did not
induce VEGF expression (17).
Other experiments on the ER subtypes have been
conducted. Although different clonal cells may respond in
different ways to estrogen and tamoxifen, it is interesting to
compare results in breast cell lines with those in other tissue
clonal cells. Ishikawa cells originated from human
endometrial cancer cells and have less than 100 functional
ER/cell. Ishikawa cells were temporarily transfected with
plasmids expressing ER-· or ER-‚ so as to impart the ER
subtypes selectively, and were then used to investigate the
effects of estrogen and tamoxifen (19-21).
Estrogen induced VEGF expression in ER-·-transfected
Ishikawa cells (19-21). Interestingly, estrogen induced VEGF
expression in studies with ER-‚-expressing Ishikawa cells
(19), while it did not induce VEGF mRNA (11, 17, 18) or
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significantly reduced VEGF protein expression (8) in MBMDA-231 cells. These findings suggest that estrogen may
induce VEGF expression in both mammary and endometrial
cells in the presence of ER-·. In the presence of ER-‚,
estrogen may induce VEGF expression in endometrial cells
but not in mammary cells. On the other hand, tamoxifen
induced VEGF expression in ER-·-transfected Ishikawa
cells, but showed no significant change in ER-‚-transfected
Ishikawa cells (21). The responses of VEGF expression in
MCF-7 cells treated with tamoxifen are diverse; tamoxifen
may induce (9-11) or does not affect (8, 13) or reduce VEGF
expression, as our result. These findings suggest that
tamoxifen may act as an estrogen agonist in endometrial cells
in the presence of ER-·, though the action of tamoxifen is
not defined in mammary cells. In the presence of ER-‚,
tamoxifen does not induce VEGF expression in both
mammary and endometrial cells.
EGF is known to be a paracrine factor in breast cancer
growth. Epidermal Growth Factor (EGF) has been suggested
to influence breast cancer cells by modulating the estrogen
receptor (22). In our experiment, we did not identify a
definite effect of EGF on VEGF expression in either MCF-7
or MB-MDA-231 cells.
It is difficult to identify a definite action cascade involving
estrogen and tamoxifen through ER-· or ER-‚. A new model
of breast cell line selectively expressing ER-· or ER-‚ would
be a valuable tool to investigate the detailed roles of the ER
subtypes in mammary cells.
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