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Summary

Purpose: To investigate the effects of epigallocatechin-3-gal-
late (EGCG) on the expression of HIF-1la and vascular en-
dothelial growth factor (VEGF) and cell growth in MCF-7
breast cancer cells.

Methods: MCF-7 human breast cancer cells were pre-
treated with different concentrations of EGCG (25, 50, 100
mg/L) for 48 h. The growth and proliferation of cells were
analyzed by trypan blue staining in the pretreated MCF-7
cells. Furthermore, mRNA expression of HIF-1a and VEGF
was detected by reverse transcriptase polymerase chain re-
action (RT-PCR) analysis in the pretreated MCF-7 cells.
Protein expression of HIF-1a was detected by Western blot,
and the secreted protein level of VEGF in the supernatant
of the culture medium was analyzed by enzyme linked im-

Introduction

Green tea is widely consumed in China and
contains many water-soluble polyphenol com-
pounds, including EGCG. EGCG is the most abun-
dant monomer in green tea and has the highest
bioactivities [1,2]. Research demonstrates that
EGCG has many biologic activities and pharmaco-
dynamic effects such as antioxidation, scavenging
of reactive oxygen species (ROS), antiinflammato-
ry, antiviral, antimutational, and antitumor prop-
erties. Moreover, EGCG has been shown to inhibit
growth of several types of cancer cells [3]. How-
ever, the effect of EGCG on the growth of breast

muno-sorbent assay (ELISA) in the MCF-7 cells pretreated
with different concentrations of EGCG.

Results: Cell growth decreased dramatically in MCF-7 cells
treated with different concentrations of EGCG, compared
with untreated (control) cells. Moreover, protein expression
of HIF-1a and VEGF declined in a dose-dependent manner
in MCF-7 cells pretreated with increasing concentrations
of EGCG.

Conclusions: EGCG inhibits cell growth and proliferation
of MCF-7 breast cancer cells, possibly by inhibiting the pro-
tein expression of HIF-1a and VEGF.
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cancer cells has not been reported yet. The goal of
the present study was to investigate the effects of
EGCG on the growth of breast cancer cells and the
expression of HIF-1a and VEGF in MCF-7 breast
cancer cells, which may help elucidate the anti-
cancer mechanism of EGCG.

Methods

The breast cancer cell line MCF-7 was from our
institute. Monomer EGCG with a purity of >98% was
purchased from Sigma (St. Louis, MO, USA). Trypsin
was purchased from Gibco (USA). Fetal bovine serum
(FBS) was from Hangzhou Sijiging Biotech Company
(Hangzhou, China). Trizol was purchased from Invitro-
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gen (Carlsbad USA). Chemical reagents such as diethyl
pyrocarbonate (DEPC), acrylamide and N,N’ methylen-
ebisacrylamide were purchased from Sigma (St. Louis,
MO, USA). RT-PCR kits were purchased from QIAGEN
(Hambourg, Germany). Mouse antihuman HIF-1a mon-
oclonal antibody, goat antihuman f-actin polyclonal
antibody, and ECL luminescent kits were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
VEGF ELISA kits were purchased from Boster Co. Ltd
(Wuhan, China). All primers were synthesized by San-
gon Biotech Co Ltd (Shanghai, China).

Pharmaceutical preparation

EGCG was dissolved in DMSO at a final storage
concentration of 100 mg/L, and solutions were stored
at -70°C. EGCG solutions were diluted to the required
concentration before use. To prevent general toxicity,
the concentration of DMSO in each sample did not ex-
ceed 0.1% throughout the experiment.

Cell culture

MCE-7 cells were cultured in RPMI 1640 culture
medium containing 10% FBS, 100 U/ml penicillin, 100
mg/L streptomycin, and 0.5 U/ml insulin. Cells were
cultured in a 5% CO, incubator at 37 °C. Cells in log-
arithmic growth phase were harvested and used in ex-
periments.

Analyzing cell growth by trypan blue staining

MCF-7 breast cancer cells in logarithmic growth
phase were plated and cultured. When cells were com-
pletely adhered to culture flasks, they were treated with
EGCG at concentrations of 25, 50, and 100 mg/mL. Con-
trol samples were treated with water as vehicle. Tripli-
cate samples treated with EGCG or vehicles were har-
vested each day over a 7-day period. Cell morphology
was observed under an inverted microscope, detached
by trypsin, stained by trypan blue, and analyzed for via-
ble counts under a light microscope. Cell growth curves
were constructed with culture time on the horizontal
axis and cell count on the vertical axis.

RT-PCR

MCF-7 cells treated with different concentrations
of EGCG were harvested and total RNA was extracted
with Trizol kits. The mRNA expression of HIF-1a and
VEGF were detected by one-step RT-PCR, with human
GAPDH as internal control. The amplification primers
were as follows: HIF-1a (150bp) / sense primer: 5’- TCT
GGG TTG AAA CTC AAG CAA CTG -3’, antisense prim-
er: 5- CAA CCG GTT TAA GGA CAC ATT CTG -3’; VEGF
(176bp) /sense primer: 5’- TGC TTC TGA GTT GCC CAG
GA -3, antisense primer: 5- TGG TTT CAA TGG TGT
GAG GAC ATA G -3’ ; GAPDH (2206bp) /sense primer:
5’- CCG CCG AGC CAC ATC GCT C -3’, antisense primer:
5’- ATG AGC CCC AGC CTT CTC CAT -3’. The system of
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RT-PCR was as follows: stage 1 was a process of reverse
transcription at 42 °C for 5 sec. Stage 2 was a process
of preheat denaturing at 95°C for 10 sec. Stage 3 was
a process of PCR with 30 cycles of 95°C for 5 sec and
then 60°C for 30 sec.

SDS-PAGE and Western blot

MCF-7 cells treated with increasing concentra-
tions of EGCG were harvested and protein was extract-
ed following cell lysis. Proteins were subjected to sodi-
um dodecy! sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) analysis with a gel concentration of 10%.
Proteins were then transferred to nitrocellulose (NC)
membrane. NC membranes were first blocked with
5% dried skim milk, incubated with the primary anti-
body solution (mouse antihuman HIF-1a monoclonal
antibody, at a working concentration of 1:600) at 4 °C
overnight, and incubated with the horseradish peroxi-
dase-labeled secondary antibody (1:4000). Finally, pro-
tein bands were imaged by the ECL luminescence sys-
tem and analyzed by image ] software.

Analyzing protein expression of VEGF by ELISA

The supernatants of cultured cells treated with dif-
ferent concentrations of EGCG were harvested and ana-
lyzed for VEGF protein expression by ELISA according
to the kit manufacturer’s instructions. The A492 values
of samples were determined by an ELISA reader at an
absorbance of 492 nm.

Statistics

Measurements of data were expressed as mean +
SD. Statistical significance between means was deter-
mined and analyzed by one-way analysis of variance
(ANOVA) with SAS 8.0 software. A p-value <0.05 was
considered significant, and <0.01 was considered ex-
tremely significant.

Results

Effects of EGCG on cell growth and proliferation of
breast cancer cells

Results from trypan blue analysis (Figure 1)
demonstrated that the untreated breast cancer
cells grew quickly in the control group. In com-
parison, although the number of viable cells in-
creased, cells grew slowly when pretreated with
different concentrations of EGCG in both time-
and concentration-dependent manner, indicating
that EGCG inhibits cell growth and proliferation
of MCF-7 breast cancer cells (p<0.001).

Effects of EGCG on mRNA expression of HIF-1a and
VEGEF in breast cancer cells
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Figure 1. Effects of EGCG on cell growth of MCF-7
cells. MCF-7 cells were pretreated with different con-
centrations of EGCG (25, 50, 100 mg/L) for 7 days, and
then subjected to trypan blue analysis. Quantitative
data from 3 independent experiments (mean + SD).
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Figure 2. Analysis of mRNA expression of VEGF and
HIF-1a by RT-PCR. MCF-7 cells were pretreated with
different concentrations of EGCG (25, 50, 100 mg/L),
and then they were subjected to RT-PCR analysis.
GAPDH served as internal control. Results are repre-
sentative of 3 independent experiments.
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Figure 3. Quantitative analysis of VEGF mRNA
expression. MCF-7 cells were pretreated with different
concentrations of EGCG (25, 50, 100 mg/L), and then
they were subjected to RT-PCR analysis. This Figure
shows the relative expression of VEGF mRNA. Quan-
titative data from 3 independent experiments (mean+
SD). * p<0.05 compared with the vehicle control

group.
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Figure 4. Quantitative analysis of mRNA expression
of HIF-1a in MCF-7 cells pretreated with different
concentrations of EGCG (25, 50, 100 mg/L). Cells were
subjected to RT-PCR analysis. This Figure shows the
relative expression of HIF-1a mRNA. Quantitative
data from 3 independent experiments (mean+ SD).
#p>0.05 compared with the vehicle control group.
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Figure 5. Analysis of the protein expression of HIF-
la in MCF-7 cells by Western blot. MCF-7 cells were
pretreated with different concentrations of EGCG
(25, 50, 100 mg/L), and then cells were subjected to
Western blot analysis. Actin levels demonstrate sim-
ilar loading. Results are representative of 3 different
experiments.
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Figure 6. Quantitative analysis of VEGF protein
expression.MCF-7 cells were pretreated with different
concentrations of EGCG (25, 50, 100 mg/L), and then
cells were collected and subjected to Western blot
analysis. Quantitative data from 3 independent exper-
iments (mean+SD) are shown. The relative expression
of HIF-1a equals arbitrary quantitation of HIF-1a/
arbitrary quantitation of actin. *p<0.05 compared with
the vehicle control group.
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Figure 7. Analysis of the protein expression of VEGF
in MCF-7 by ELISA. MCF-7 cells were pretreated with
different concentrations of EGCG (25, 50, 100 mg/L),
and then the supernatants of the cultured cells were
collected and subjected to ELISA analysis. Shown are
quantitative data from 3 independent experiments
(meanz+ SD). *p<0.05 compared with the vehicle
control group. **p<0.01 compared with the vehicle
control group.
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As shown in Figure 2, the mRNA expression
of HIF-1la showed no obvious changes follow-
ing treatment with increasing concentrations of
EGCG (Figures 2,4). However, the mRNA expres-
sion of VEGF decreased dramatically in MCF-7
cells treated with EGCG in a dose-dependent man-
ner (Figures 2,3).

Collectively, these data indicated that EGCG
inhibited the mRNA expression of VEGF in a
dose-dependent manner, but showed no obvi-
ous effect on the mRNA expression of HIF-1a in
MCF-7 breast cancer cells. This may represent one
mechanism by which EGCG inhibits MCF-7 cell
growth.

Effects of EGCG on the protein expression of HIF-1a
and VEGF in breast cancer cells

According to the results of protein expression
(Figures 5,6), HIF-1a protein expression decreased
dramatically in breast cancer cells treated with
different concentrations of EGCG in a dose-de-
pendent manner, indicating that EGCG inhibits
the growth of breast cancer cells possibly through
suppressing the protein expression of HIF-1a.

Analyzing VEGF protein levels in the supernatant of
cultured medium by ELISA

As shown in Figure 7, the level of VEGF pro-
tein decreased significantly in the supernatants of
the cultured MCF-7 cells pretreated with different
concentrations of EGCG in a concentration-de-
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pendent manner, indicating that EGCG dose-de-
pendently inhibited the protein expression of
VEGF in MCF-7 cells.

Discussion

Green tea is widely consumed in China and
around the world and contains a high quantity of
polyphenol compounds such as EGCG, EGC, and
ECG. It has been demonstrated that EGCG has
anticancer activity and inhibits cell growth and
proliferation of various tumor cells, including na-
sopharyngeal carcinoma cells, lung cancer cells,
and pancreatic cancer cells both in vitro and in
vivo [4-6]. Although the antitumor mechanisms
of EGCG remain unknown, they are possibly as-
sociated with apoptosis of tumor cells and inhi-
bition of cell cycle progression [7]. HIF-1a is a
transcription factor that is selectively expressed
in mammalian cells. It consists of a and  sub-
units. Research reveals that most normal tissues
do not express HIF-1a protein. In contrast, 53%
of malignant tumor tissues express HIF-la pro-
tein, indicating that expression of HIF-1a protein
is involved in the occurrence and development
of tumors [8]. Other studies have shown that the
target genes regulated by HIF-la are probably
associated with tumor cell growth, angiogenesis,
tumor invasion and metastasis, ion transport, and
catecholamines, metabolism [9,10]. One of the
common characteristics of tumors is high activity
of HIF [11]. The HIF-1 transcription complex up-
regulates the expression of VEGF and induces the
corresponding biological effects by interacting
with the hypoxia reaction element of the VEGF
gene, indicating that VEGF is one of the target
genes of HIF-1 [12]. Li et al. [13] also confirmed in
a recent study that VEGF expression was induced
by the HPV tumor protein in lung cancer cells,
which was dependent on HIF-1. HIF-1 and VEGF
are potentially important targets in the preven-
tion and treatment of tumors, so it is meaningful
to investigate the relationship between the ex-
pression of these two factors and the occurrence
and development of tumors.

In the present study, the effects of EGCG on
cell growth and survival of MCF-7 breast cancer
cells was investigated by trypan blue staining.
The results showed that EGCG significantly sup-
pressed cell growth and proliferation of MCF-7
breast cancer cells in both a time and dose-depend-
ent manner, which is consistent with the findings
of Zhang et al. [14] and Shirakami et al. [15]. Next,
the inhibitory mechanisms governing EGCG’s ef-
fect on MCF-7 cells were further explored. EGCG
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inhibited signal transduction pathways that were
related to angiogenesis. However, it is unknown
if EGCG inhibits the activation of the angiogene-
sis initiator HIF-1a and expression of VEGF. The
results of the current study reveal that EGCG not
only inhibited the mRNA expression of VEGF, but
also suppressed the protein expression of VEGF
in MCF-7 cells in a dose-dependent manner, sug-
gesting that inhibition of the expression of VEGF
by EGCG may be one of the mechanisms behind
the antitumor effect of EGCG in breast cancer
cells. Although EGCG had no obvious effect on the
mRNA expression of HIF-1q, it dose-dependent-
ly inhibited the protein expression of HIF-1a in
MCF-7 cells, indicating that EGCG inhibits the
protein expression of HIF-la possibly through
posttranscriptional regulation. However, this
must be investigated further.

In conclusion, the data of the present study
show that EGCG inhibits the cell growth and pro-
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