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Abstract: The purpose of this study was to test the hypothesis that administration of epigallocatechin-3-gallate 

(EGCG), a polyphenol present in abundance in widely consumed tea, inhibits cell proliferation, invasion, and 

angiogenesis in breast cancer patients. EGCG in 400 mg capsules was orally administered three times daily to 

breast cancer patients undergoing treatment with radiotherapy. Parameters related to cell proliferation, 

invasion, and angiogenesis were analyzed while blood samples were collected at different time points to 

determine efficacy of the EGCG treatment. Compared to patients who received radiotherapy alone, those 

given radiotherapy plus EGCG for an extended time period (two to eight weeks) showed significantly lower 

serum levels of vascular endothelial growth factor (VEGF), hepatocyte growth factor (HGF), and reduced 

activation of metalloproteinase-9 and metalloproteinase-2 (MMP9/MMP2). Addition of sera obtained from 

patients treated with combination of radiotherapy and EGCG feeding for 2-8 weeks to in vitro cultures of 

highly-metastatic human MDA-MB-231 breast cancer cells resulted in the following significant changes: (1) 

suppression of cell proliferation and invasion; (2) arrest of cell cycles at the G0/G1 phase; (3) reduction of 

activation of MMP9/MMP2, expressions of Bcl-2/Bax, c-Met receptor, NF- B, and the phosphorylation of Akt. 

MDA-MB-231 cells exposed to 5-10 M EGCG also showed significant augmentation of the apoptosis inducing 

effects of -radiation, concomitant with reduced NF- B protein level and AKT phosphorylation. These results 

provide hitherto unreported evidence that EGCG potentiated efficacy of radiotherapy in breast cancer patients, 

and raise the possibility that this tea polyphenol has potential to be a therapeutic adjuvant against human 

metastatic breast cancer.  
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INTRODUCTION 

Breast cancer is the second leading cause of 
cancer-related

 
deaths in women in the United States  
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[1]. Population-based investigations have suggested 
that dietary factors may affect the incidence of breast 
cancer [2, 3]. For example, epidemiological studies 
have reported an inverse association between the 
consumption of green tea and the risk of breast cancer 
in Asian American [4] and Chinese women [5].  

Tea is the most popular beverage in the world, next 
to water. Among the polyphenols present in green tea 
(about 30% of

 
the total weight of tea leaves), a major 

polyphenol, epigallocatechin-3-gallate (EGCG), has 
shown inhibitory effects on different stages of 



164    Current Molecular Medicine,  2012, Vol. 12, No. 2 Zhang et al. 

tumorigenesis based on in vitro experiments and in 
vivo studies using animal models of carcinogenesis [6-
21]. Anti-tumorigenic activities attributed to exposure to 
EGCG include inhibition

 
of cell proliferation and tumor 

growth [6, 10-14, 21], induction of apoptosis and cell 
cycle arrest [7, 11, 12, 17, 21], inhibition of invasion

 

and metastasis [8, 12, 15, 16, 18, 21], and suppression 
of angiogenesis [20, 21]

 
. At the molecular level, EGCG 

markedly inhibits the binding of vascular endothelial 
growth factor (VEGF) with its receptor [22]. Moreover, 
green tea extract (GTE) or EGCG also significantly 
decrease the secretion of VEGF into culture media and 
reduce VEGF mRNA expression in MDA-MB-231 cells 
[23, 24]. Further, EGCG inhibits HGF/Met signaling in 
immortalized and tumorigenic breast epithelial cells 
[25]. Finally, EGCG inhibits the synthesis and activation 
of tumor invasion-specific MMP2 and MMP9 in human 
prostate carcinoma DU-145 cells [26]. Nevertheless, 
the effective concentrations of EGCG used in most of 
the experiments, including our previous studies, far 
exceeded plasma concentrations of EGCG observed in 
humans and animals (Generally, the peak in human 
plasma concentration of EGCG is in the low-
micromolar range after a single oral dose of EGCG, 
Polyphenon E (a standardized green tea polyphenol 
preparation), or green tea) [27-29]. This lingering 
bioavailability issue and the metabolic differences 
between animals and humans make it challenging in 
extrapolating results from experiments in vitro to 
situations in vivo and from animals to human, despite 
that there have been more than nine hundred papers 
reporting the effects of EGCG against cancer to date 
(combining “EGCG” AND “cancer” in PubMed).  

To explore the use of EGCG as an adjuvant therapy 
for carcinogenesis, and to gain further information on 
its mechanism of action, a pilot clinical study was 
performed, specifically, to test the hypothesis that 
EGCG might augment efficacy of radiotherapy in 
patients diagnosed with breast cancer. As proof of 
principle, we focussed on parameters related to 
inhibition of cell proliferation, invasion, and 
angiogenesis.  

MATERIALS AND METHODS 

Patients 

A total of ten female patients (median age, 46 
years; range, 38-55

 
years old) with locally advanced 

(T3, T4, and/or N0-N3)
 
noninflammatory breast cancer 

undergoing radiotherapy were enrolled for this study.
 

Pregnant women
 
were not eligible. Patient selection 

criteria also included: uncompromised organ (bone 
marrow, liver, and kidney) functions, a life expectancy 
of 12 weeks (w), and evidence of bidimensionally

 

measurable lesions as determined by computed 
tomography, magnetic

 
resonance imaging, or 

palpation. The Institutional Ethics Review Board (IERB) 
of Chinese PLA 107 Hospital approved the protocol 
(Number: 03B006) and

 
the pilot trial was conducted 

according to the guidelines for good
 
clinical practice 

and the Declaration of Helsinki. All patients
 

were 

required to fill-out an IERB-approved informed consent 
before treatment was initiated. The ten patients (all 
patients’ breasts were excised by surgery before this 
study) were randomly assigned to two groups: the 
group 1 five patients (3 metastasis and 2 relapsed with 
metastasis) received EGCG treatment and 
radiotherapy, while the group 2 five patients (3 
metastasis and 2 relapsed with metastasis) received a 
placebo (radiotherapy) instead of EGCG. Specifically, 
the breast cancer patients were given EGCG orally 
(400 mg in 2 capsules, with 100 ml of water) 3 times 
daily or a placebo (empty capsule) during the 5-w (5 
weeks, the same hereinafter) radiotherapy cycles and 
3-w post radiotherapy cycle. EGCG (>95%, Lot 
710291) isolated from green tea was obtained from 
Taiyo Green Power Co., Ltd., Wuxi, China, and 
capsules were prepared in School of Pharmacy at 
Yantai University. Except for radiotherapy or EGCG 
plus radiotherapy, patients agreed to refrain from self 
administration of other medications during the 8-w 
experiment. 

Human Sera 

Blood samples were collected from patients after an 
overnight fast except for drinking water. Ten ml blood 
samples were collected prior to 0 hour (0-h) and 2 
hours (2-h) after administration of EGCG or placebo. 
The serum samples were aliquoted, and stored

 
at -

80°C until sample analysis.  

Determination of Serum VEGF and HGF Levels by 
ELISA 

Serum samples (0-h and 2-h) from patients given 
placebo or EGCG were analyzed for changes in VEGF 
and HGF using ELISA kits purchased from R&D 
Systems (Minneapolis, MN), according to the 
instructions provided by the manufacturer. All samples 
were assayed in triplicate and the mean of the values 
was calculated. In the present study, we used pg/10

6
 

platelets and pg/ml to represent levels of VEGF and 
HGF in patents’ sera, respectively. It is reported that 
the platelets and tumor cells, as well as neutrophils, 
contribute to the serum VEGF level [30-32], which 
could be affected by radiotherapy. Considering the 
platelet changes in individual patients during the 
radiotherapy, we used the relative serum VEGF levels 
in pg/10

6
 platelets in patients to analyze the VEGF 

changes.  

Cell Culture and Ex Vivo Proliferation/Viability 
Assays  

The highly metastatic MDA-MB-231 human breast 
cancer cells were obtained from the American Type 
Culture Collection (Manassas, VA). Cells were cultured 
in DMEM (Sigma, Co., MO) supplemented with 10% 
serum from breast cancer patients or 10% fetal bovine 
serum (FBS). Proliferation was assayed at 48- and 72-
h using MTT (3-(4,5-dimethylthiazol-2-yl)2,5-diphenyl-
tetrazolium

 
bromide) kit (Invitrogen, Carlsbad, CA) 
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following
 
the manufacturer's instructions. The relative 

cell viability was determined using trypan blue dye 
exclusion assay after the cells were treated for 36 h 
with EGCG, -radiation, and EGCG plus -radiation. To 
determine the effects of EGCG on  radiation-treated 
cell viability and protein expressions in the cells, the 
cells at 80% confluence were plated in the six-well 
plate. Twenty-four hours later, the cells were treated 
with  radiation at a dose of 8 Gray (Gy). Thirty-six 
hours later, the  radiation-treated cells were used for 
analyses of the cell viability or the protein expressions. 
Radiation was delivered using a 

60
Co source with a 

source-to-flask distance of 40 cm and a dose rate of 
1.36 Gy/min. Each experiment was repeated three 
times. 

Analysis of Cell Cycle Phase Transition and 
Induction of Apoptosis by Flow Cytometry  

Cells were detached in PBS/2 mM EDTA,
 

centrifuged at 1,000 rpm for 5 min, and then gently 
resuspended

 
in 250 L of hypotonic fluorochrome 

solution (PBS, 50
 

g propidium iodide, 0.1% sodium 
citrate, and 0.1% Triton

 
X-100) with RNase A (100 

units/ml). The DNA content was analyzed by flow 
cytometry (Becton

 
Dickinson FACS Vantage SE, San

 

Jose, CA). The cell cycle distribution and apoptosis 
were determined based on DNA content and the

 
sub-

G1 cell population, respectively.  

Ex Vivo Invasion Assay  

To determine cell invasion, modified transwell 
chambers containing fibronectin- and matrigel-coated 
polycarbonate

 
filters (Costar,

 
Corning, Inc., NY) were 

used.
 
Cells (2.5 x 10

4
) were pretreated for 1-h with 10% 

serum from patients and seeded
 

onto the upper 
chamber containing 0.2 ml serum-free medium; the 
lower chamber was

 
filled with 0.66 ml DMEM 

supplemented with 10% of the autologous serum 
samples (to serve as a chemoattractant). After 
incubation for 16 h at 37°C,

 
the cells that invaded to the 

lower surface of the filter were
 
fixed and stained using 

propidium iodide. The cells on the
 
upper side of the 

filter were removed using a rubber scraper. The 
invaded cells on the underside of the filter were 
counted and recorded for images by fluorescence 
microscopy (x10 objective; Nikon, TE2000-U, Japan). 
Each experiment was repeated three times.  

Gelatin Zymography  

The serum samples from the patients or the 
supernatants (serum-free) from the upper chamber of 
the transwell chamber in the invasion assay, were 
analyzed for MMP9/MMP2 activation. The patients’ 
sera or conditioned media were subjected to 10% SDS-
PAGE

 
containing 0.1% gelatin under

 
non-reducing 

conditions. Following electrophoresis, the gels were
 

washed with 2.5% Triton X-100 to remove SDS and 
then incubated

 
in a developing buffer (50 mM Tris-HCl 

buffer [pH 7.4],
 
10 mM CaCl2) overnight at 37°C. Gels 

were stained with
 
0.25% Coomassie Brilliant Blue R-

250 and de-stained in the same
 
solution without dye. 

Gelatinase activation was visualized as
 
clear bands 

against the blue-stained gelatin background. Each 
experiment was repeated three times. 

Western Blot Analysis  

MDA-MB-231 cells were treated with sera from the 
radiotherapy patients taking EGCG or taking placebo, 
and collected at 48 h. For detection of p-Akt, the cells 
were treated for 30 minutes with these sera. For 
analysis of in vitro effects of EGCG on protein level of 
NF- B and phosphorylation of Akt in -radiation-treated 
human breast cancer cells, MDA-MB-231 cells were 
treated with -radiation at a dose of 8 Gy of  rays in 
the absence or presence of 5-10 μM EGCG, or the 
inhibitor of NF- B (Bay = Bay 11-7082 ) and PI3K/Akt 
(Ly = Ly294002). Equal amounts of the treated cell 
extracts

 
(60 g) were resolved by SDS-PAGE, 

transferred to nitrocellulose
 
membranes, and probed 

with primary antibodies (from
 

Cell Signaling
 

Technology, MA) against human Bcl-2, Bax, c-Met, 
nuclear factor (NF- B p-65), Akt, p-Akt (Ser

473
), and -

actin and then horseradish peroxidase-conjugated 
secondary antibodies, respectively. -actin was used 
as a loading control. Detection was

 
done using an 

enhanced chemiluminescence system (Amersham Life 
Science, Arlington Heights, IL).  

Statistical Analysis  

Statistical analysis was done using the one-way or 
two-way ANOVA followed by the

 
appropriate post hoc 

test (Bonferroni) and Student’s t-test as well as simple 
linear regression with the software SPPS 13.0. Data 
are represented as mean ± SD, an asterisk P<0.05, 
double asterisk P<0.01, and triple asterisk P<0.001.

 

For all tests, P values less than 0.05 were considered 
statistically significant.  

RESULTS AND DISCUSSION 

EGCG Reduced Blood VEGF and HGF Levels as 
well as Decreased MMP9/MMP2 Activation when 
Orally Administered to Breast Cancer Patients 
under Radiotherapy 

A schematic flow chart illustrating the design of this 
pilot study is presented in Fig. (1). Of note, breast 
cancer patients started to receive oral doses of EGCG 
concurrently with the initiation of radiotherapy. In the 
group that was given EGCG (n=5) for 8-w, a significant 
decrease in levels of serum VEGF (Fig. 2A), HGF (Fig. 
2B) and MMP9/MMP2 activity (Fig. 3) was observed 
starting from 2-w, which was maintained for the 8-w 
duration of the study. Compared with the group who 
received radiotherapy alone (n=5), serum VEGF levels 
in the EGCG group decreased by an average of

 

0.6±0.1 pg/10
6 

platelets (1-w), 1.0±0.1 pg/10
6 

platelets 
(2-w), 1.3±0.1 pg/10

6 
platelets (4-w), 1.2±0.1 pg/10

6 

platelets (6-w), and 0.9±0.1
 

pg/10
6
 platelets (8-w), 
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respectively, representing mean inhibition of 34%, 
53%, 70%, 67%, and 63% (P < 0.01, P < 0.05,  
P < 0.001, P < 0.05, and P < 0.001), respectively. 
Correspondingly, the serum HGF levels in the EGCG 
group decreased by an average of 84.0±22.0 pg/ml, 
109.7±23.5 pg/ml, 180.8±32.2 pg/ml, 145.6±17.5 pg/ml 
and 125.8±19.8 pg/ml, respectively, representing mean 
inhibition of 14%, 18%, 28%, 22% and 20% (P < 0.05, 
P < 0.05, P < 0.01, and P < 0.05) at 1-w, 2-w, 4-w, 6-w 
and 8-w, respectively. Further, the levels of serum 
active MMP-9 (A-MMP9) in the EGCG (n=5) group 
decreased by an average of 0.3±0.1 fold, 0.5±0.1 fold, 
0.5±0.1 fold, and 0.7±0.1 fold, respectively, 
representing mean inhibition of 31%, 40%, 50%, and 
55% (P < 0.01, P < 0.001, and P < 0.001) at 2-w, 4-w, 
6-w and 8-w, respectively (Fig. 3E), while the levels of 
serum MMP-2 zymogens (z-MMP2) in the EGCG (n=5) 
group decreased by an average of 0.2±0.1 fold, 
0.4±0.1 fold, 0.43±0.03 fold, and 0.5±0.1 fold, 
respectively, representing mean inhibition of 22%, 
33%, 43%, and 51% (P < 0.01, P < 0.01, and P < 0.01) 
at 2-w, 4-w, 6-w and 8-w, respectively (Fig. 3E).  

Many clinical results have shown that the increase 
in the blood levels of VEGF and HGF as well as 
MMP2/MMP9 activity in breast cancer patients are 
closely associated with the progression and metastasis 

of breast cancer. A study on 200 women showed that 
serum VEGF levels were significantly higher in breast 
cancer patients compared to controls (P < 0.001). 
Systemic VEGF levels were reduced significantly in the 
breast cancer patients following tumor excision (P  
< 0.05) [33]. Another study on 44 patients with breast 
cancer indicated that surgical operation with other 
therapy can significantly decrease the VEGF serum 
level in these patients; there was a close correlation 
between serum VEGF level and the cancer prognosis 
[34]. A study on 40 breast cancer patients with 
metastases also reported that before chemotherapy the 
median level of VEGF in patients with breast cancer 
was 496.6 pg/ml, 4.7 times higher than that of healthy 
controls (P < 0.001). Intensive chemotherapy for breast 
cancer results in a significant decrease of serum VEGF 
level [35]. In addition, an investigation on serum HGF 
levels in 124 consecutive patients with invasive breast 
cancer reported that the breast cancer patients with 
more advanced tumor-node-metastasis staging were 
shown to have higher serum soluble HGF [36]. Other 
individual investigations on serum HGF levels in 134 
and 200 primary breast cancer patients as well as 51 
patients with breast cancer metastases also indicated 
that the serum HGF levels were significantly increased 
in breast cancer patients [37-39] and associated with 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Schematic flow chart for the experiments. 

Breast cancer patents under radiotherapy

Blood sample collection in the 
morning before and 2 hours (h) after 
EGCG or placebo administration at
the 0-w, 1-w, 2-w, 4-w, 6-w, and 8-w

Sera were analysed for: 
1) VEGF and HGF levels 
2) MMP9/MMP2 activation

1. Effects on tumor cell viability
2. Effects on tumor cell cycle progression and 

apoptosis
3. Effects on tumor cell invasion and MMP9/MMP2 

activation
4. Effects on Bcl-2/Bax, c-Met receptor, and NF-κB

expressions in the tumor cells
5. Effects on AKT phosphorylation in the tumor cells

MDA-MB-231 cells were treated 
with EGCG and/or γ-radiation

I) determine the effects of EGCG in breast cancer patients

III) determine the mechanism of EGCG in breast cancer cells in vitro

II) ex vivo test sera from patients in MDA-MB-231 cells to determine the effects and possible mechanism of 
EGCG in breast cancer cells

MDA-MB-231 cells 
were cultured in the 
medium containing the 
sera from patients or FBS

1. Effects on tumor cell viability

2. Effects on NF-κB expression in the tumor cells
3. Effects on AKT phosphorylation in the tumor cells

One group with radiotherapy and another 
group with radiotherapy plus EGCG
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Fig. (2). Decrease in serum VEGF (A) and HGF (B) levels by orally administrated EGCG in breast cancer patients under 

radiotherapy. Breast cancer patients (n=5) received three oral doses of EGCG (400 mg) daily for 8 weeks (w) during the 5-w 

radiotherapy cycles and 3-w afterwards. The breast cancer patients (n=5) in control group who received radiotherapy alone 

during the 8-w without EGCG treatment. Blood samples were collected at 0-h, at 0 w (immediately before EGCG administration), 

and at 1-w, 2-w, 4-w, 6-w and 8-w, at 2-h after the EGCG dose (2-h fasting blood samples). The serum VEGF and HGF levels 

were determined by ELISA. Values are shown as mean ± SD for each group from 0-h (0-w) to 8-w. All samples were assayed in 

triplicate and the mean of the values was calculated. Significance levels were determined using the ANOVA and Bonferroni test 

or Student’s t-test. * P < 0.05; **P < 0.01; and *** P < 0.001.  

 

A. Reduction of serum VEGF levels in radiotherapy breast cancer patients taking EGCG for 1, 2, 4, 6, and 8 weeks (w).   

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Time pointsof samples taken (weeks)    

                                   

0

0.5

1

1.5

2

2.5

0w 1w 2w 4w 6w 8w

V
E

G
F

 l
e

v
e

l
(p

g
/1

0
6
p

la
te

le
ts

)

Radiotherapy alone (ctrl;n=5)

Radiotherapy+EGCG(n=5)

* P <0.05

*** P <0.001
*P <0.05

   ***
P <0.001

** P <0.01

               

 
 

B. Reduction of serum HGF levels in radiotherapy breast cancer patients taking EGCG for 1, 2, 4, 6, and 8 w.   
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Fig. (3). Inhibition of activation of serum MMP9/MMP2 by orally-administrated EGCG in breast cancer patients under 

radiotherapy. The blood samples were obtained as described in Fig. 2 legend. MMP9/MMP2 activation in sera was analysed 

using zymography. In (C) and (D), breast cancer patients Z and J received three oral doses of EGCG (400 mg) daily for 8-w 

during the 5-w radiotherapy cycles and 3-w afterwards. In (A) and (B) The breast cancer patients X, and Y in control group 

received radiotherapy alone during the 8-w without EGCG treatment. The activation of serum MMP9/MMP2 zymogens (z-

MMP9/z-MMP2; Mr 72,000 and Mr 92,000 gelatinase activities) and active MMP9 (A-MMP9; Mr 88,000) was determined by 

gelatin zymography analysis. Values (the relative activation of serum active MMP9 and MMP2 zymogens) are shown as mean ± 

SD (Bar) of 3 runs for each sample, only one set of gels is shown. In (E), the activation of serum A-MMP9/z-MMP2 zymogens in 

the blood samples of all the patients was analyzed by gelatin zymography and statistical analysis. As described above, all the 

serum samples were from both the breast cancer patients (n=5) received EGCG treatment for 8-w under the radiotherapy and 

the breast cancer patients (n=5) in control group who received radiotherapy alone during the 8-w without EGCG treatment. 

Statistical analysis was done using the
 
ANOVA and Bonferroni test. * P < 0.05; ** P < 0.01; *** P < 0.001 (n=3).  

the clinical course of metastatic breast cancer patients 
such as tumor size, nodal status, and histological 
evidence of venous invasion and metastasis. There 
have been reports showing that average values of 
MMP-2 and MMP-9 activity levels were significantly 
higher in the investigated 80 breast cancer patients 

than in control （22 healthy volunteers）sera [40]; a 
strong decrease of pro-MMP-9 serum levels was found 
in 88 breast cancer patients after 1 month (P <0.05) 
and after 6 months (P <0.01) after surgery [41]. 
Evidently, all these clinical evidences indicate that the 
reduction of blood levels of VEGF, HGF, MMP-2 and 
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Fig. (4). Ex vivo inhibition of proliferation and invasion of highly-metastatic human breast cancer cells by sera from radiotherapy 

breast cancer patients taking EGCG for 8-w. Breast cancer patients (n=5) received three oral doses of EGCG (400 mg) daily for 

8-w during the 5-w radiotherapy cycles and 3-w afterwards. The breast cancer patients (n=5) in control group who received 

radiotherapy alone during the 8-w without EGCG treatment. Blood samples were collected at 0-h, at 0 w (immediately before 

EGCG administration), and at 2-w, 4-w, 6-w and 8-w, at 2-h after the EGCG dose (2-h fasting blood samples). The serum 

samples from the patients were also used for ex vivo assays for proliferation and invasion. (A) Inhibition of proliferation of MDA-

MB-231 cells by treatment for 48-h and 72-h with the 0-8 w sera. Values are shown as mean ± SD (Bar) for each group (n=5). 

(B) Inhibition of invasion of MDA-MB-231 cells by treatment for 16-h with the sera from the radiotherapy patients J, Q, Y, X and Z 

taking EGCG for 8-w (n=5) or C, D, E, F and G not taking EGCG (n=5) (left panel). The right panel shows the propidium iodide-

stained MDA-MB-231 cells invading through matrigel-coated transwell chamber. The cells were treated 16-h respectively with 

the sera at 8-w from the control patients E who received radiotherapy alone and the radiotherapy patient Z who also took EGCG 

for 8-w. Statistical analysis was carried out using the
 
ANOVA and Bonferroni test or Student’s t-test. (A, B). * P < 0.05; ** P < 

0.01; and *** P <0.001. 

MMP-9 suggests a good clinical prognosis for the 
breast cancer patients with progression and/or 
metastasis after chemotherapy, radiotherapy, and/or 
surgical operation. In the present study, we have 
demonstrated that oral administration of EGCG 
significantly reduced the blood levels of VEGF (Fig. 2A) 
and HGF (Fig. 2B) in breast cancer patients under 
radiotherapy compared to the patients without EGCG 
treatment. The effect was seen at 2-w or 4-w and 
remained for 8-w after the patients took EGCG. In the 

control patients, who did not receive EGCG treatment 
under radiotherapy, the blood levels of VEGF and HGF 
did not change significantly. It is reported that the 
platelets and tumor cells, as well as neutrophils, 
contribute to the serum VEGF level [30-32], which 
could be affected by radiotherapy. In the present study, 
we used pg/10

6
platelets and pg/ml to represent levels 

of VEGF and HGF in patents’ sera, respectively. 
Considering the platelet changes in individual patients 
during the radiotherapy, we used the relative serum 

 

A. Ex vivo inhibition of proliferation of MDA-MB-231 cells by sera from radiotherapy patients taking EGCG for 2-8 weeks.   

                                                                                                 

B. Ex vivo inhibition of invasion of MDA-MB-231 cells by sera from radiotherapy patients taking EGCG for 8 weeks.      
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VEGF levels in pg/10
6
 platelets in patients to analyze 

the VEGF changes (Fig. 2A). In addition, we analyzed 
the neutrophils of blood samples and did not observe 
any significant change of the % neutrophils in blood 
samples between the control group and EGCG group 
during the experiment. EGCG reduced the VEGF 
secretion and mRNA expression in MDA-MB-231 cells 
in vitro and ex vivo which were confirmed by our tests 
(data not shown) and other research [23, 24]. We 
believe that oral administration of EGCG could reduce 
the tumor-associated blood VEGF levels. We also 
demonstrated that compared to the breast cancer 
patients without EGCG treatment, the activation of 
serum active MMP9 and MMP2 zymogens was 
significantly reduced in breast cancer patients after 
taking EGCG for 4-w, 6-w and 8-w (Fig. 3). All these 
clinical results show that the breast cancer patients 
who took EGCG under radiotherapy have received 
beneficial therapy in reduction of the factors related to 
breast cancer progression. 

Ex Vivo Inhibition of Proliferation and Invasion in 
Human Breast Cancer Cells with Sera from Patients 
who Received EGCG and Undergoing Radiotherapy  

We next compared the ex vivo effects of sera from 
breast cancer patients using MDA-MB-231 breast 
cancer cells. The sera were taken at 0-h (0-w) to 8-w, 
from the group who received radiotherapy alone, and 
from the group who received EGCG and radiotherapy 
(n=5, for each group). Compared with the control group 
(radiotherapy alone), the 2-h sera at 8-w from EGCG-
treated group (EGCG+radiotherapy) significantly and 
time-dependently suppressed the proliferation of MDA-
MB-231 (Fig. 4A). In addition, the 2-h sera at 8-w from 
the EGCG-treated group significantly suppressed the 
invasion of MDA-MB-231 cells by 49% (P <0.05) 
compared with the control group (Fig. 4B). In addition, 
we have also found that the sera from the radiotherapy 
patients who received EGCG have the similar inhibitory 
effects on the proliferation and invasion in human 
breast cancer cell lines MDA-MB-435S and MDA-MB-
468 cells (data not shown), indicating there is no cell 
line bias for the effects on breast cancer. 

Ex Vivo Induction of Cell Cycle Arrest and 
Apoptosis, Suppression of Activation of MMP-
9/MMP-2, Increase in Bax Level, and Decrease in 
Expressions of Bcl-2, c-Met and NF- B as well as 
Phosphorylation of Akt in Human Breast Cancer 
Cells by Sera from Radiotherapy Patients who 
Received EGCG 

Further study showed that compared to the 2-h sera 
at 8-w from the patients C, D, E, and F in the control 
group, the 2-h sera at 8-w from the radiotherapy 
patients J, Q, Y and Z in the EGCG-treated group 
showed the following properties: i) induced apoptosis 
and cell cycle arrest at the G0/G1 phase in MDA-MB-
231 cells (Fig. 5A); (ii) reduced activation of active 
MMP9 and MMP2 zymogens in the supernatants of 
invading MDA-MB-231 cells (Fig. 5B). In addition, in 

comparison to the 2-h serum at 8-w from the 
representative control patient C, the 2-h serum at 8-w 
from the representative patient J in EGCG-treated 
group reduced the expression of anti-apoptotic protein 
Bcl-2 and enhanced the expression of pro-apoptotic 
protein Bax in MDA-MB-231 cells (Fig. 6A), leading to 
reduction the ratio of Bcl-2 and Bax. The same 2-h 
serum also reduced the protein expression of c-Met 
receptor (Fig. 6B) and NF- B (Fig. 6C) and suppressed 
the phosphorylation (Ser

473
) of Akt (Fig. 6D) in the 

cancer cells.  

One of the main regulatory steps of apoptotic cell 
death is controlled by the ratio of anti-apoptotic and 
pro-apoptotic members of the Bcl-2 family of proteins, 
which determines the susceptibility to apoptosis. Bcl-2 
and its dominant inhibitor Bax are key regulators of cell 
growth and apoptosis. Overexpression of Bcl-2 
enhances cell survival by suppressing apoptosis, but 
overexpression

 
of Bax accelerates cell death. NF- B is 

a nuclear transcription
 
regulator with a specific motif for 

Bcl-2 transcription [42-44]. The PI3K/Akt pathway acts 
as a survival (anti-apoptotic) signal and plays a key role 
in the regulation of apoptotic change in breast cancer 
cells. Akt can exert its anti-apoptotic effects in several 
different ways, such as negatively regulating pro-
apoptotic factors, and stimulating the NF- B survival 
pathway [45-48]. Activation of Akt and the NF- B/Bcl-2

 

pathway leads to inhibition of chemotherapy/ 
radiotherapy-induced apoptosis,

 
which results in 

treatment resistance [47]. The Bax, Bcl-2, p-Akt and 
NF- B have become the important targets of action by 
anticancer agents [44, 47, 49-52]. Here, our results 
have shown that the sera from the patients who took 
EGCG enhanced the apoptosis ratio, up-regulated the 
Bax level, and down-regulated the levels of Bcl-2, p-
Akt, and NF- B in the breast cancer cells. Our results 
suggest that suppression of the p-Akt and the NF-
B/Bcl-2

 
pathway by reducing the phosphorylation of 

Akt and NF- B expression in the breast cancer cells 
would greatly contribute to the augmentation of 
apoptosis of the breast cancer cells and may be one of 
the important mechanisms of action for the EGCG-
treated patients’ sera against the proliferation and 
invasion of breast cancer cells.  

In Vitro Effects of EGCG on Cell Viability and NF- B 
Expression and Phosphorylation of Akt in -
Radiation-Treated Human Breast Cancer Cells  

In vitro assay indicated that the relative cell viability 
in MDA-MB-231 cells was reduced after the cells were 
treated either with -radiation at a dose of 8 Gy or 
EGCG at concentrations of 5 M to 10 M. Such 
concentrations of EGCG significantly up-regulated the 
reduction of the cell viability in the dose of -radiation–
treated MDA-MB-231 cells (Fig. 7A). Further, EGCG at 
5 M and 10 M dramatically down-regulated the NF-
B p65 protein level and phosphorylation (Ser

473
) of Akt 

in -radiation–treated MDA-MB-231 cells although the 
treatment with EGCG alone reduced the NF- B p65 
protein level (Fig. 7B) and phosphorylation (Ser

473
) of 

Akt in the cancer cells (Fig. 7C).  
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Fig. (5). Induction of cell cycle arrest and apoptosis and inhibition of MMP9/MMP2 activation in supernatants of MDA-MB-231 

cells by sera from radiotherapy patients taking EGCG for 8-w. The radiotherapy breast cancer patients J, Q, Z and Y received 

oral doses of EGCG for 8-w. The breast cancer patients C, D, E and F in control group received radiotherapy alone. The blood 

samples were collected at 0-h at 0 w (immediately before EGCG administration), and 2-h after EGCG administration on the 8th 

w. (A) The cells treated for 48-h with the sera were analyzed for DNA content by flow cytometry. The cell samples treated with 8-

w sera from the patients J, Q, Z and Y (J8w, Q8w, Z8w and Y8w) were more effective than the control samples (C8w, D8w, E8w 

and F8w) in inducing apoptosis (cells in sub-G1 phase) and G0/G1 phase arrest. (B) MDA-MB-231 cells were cultured for 16-h in 

fibronectin- and matrigel-coated transwell chamber (serum-free) after pretreated for 1-h with DMEM medium containing 10% of 

the 0-h or 8-w sera from the patients J, Q, Z and Y in EGCG group and the patients C, D, E and F in control group, respectively. 

The activation of active MMP9 (A-MMP9) and MMP2 zymogens (z-MMP2) was analyzed in the supernatants of invading MDA-

MB-231 cells. Values (the relative activation of active MMP9 and MMP2 zymogens) are shown as mean ± SD (Bar) for 3 assays 

of each sample and only one set of gels is shown. Statistical analysis was done using the
 
ANOVA and Student’s t-test. * P < 0.05 

(n=4).  



172    Current Molecular Medicine,  2012, Vol. 12, No. 2 Zhang et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (6). Ex vivo reduction of protein expressions of Bcl-2/Bax, c-Met, and NF- B p-65 as well as phosphorylation (Ser
473

) of Akt 

in human breast cancer cells by serum from radiotherapy patient J taking EGCG for 8-w. Radiotherapy breast cancer patient J 

received oral dose of EGCG for 8-w, whereas radiotherapy patient C in control group did not receive EGCG. The blood samples 

were collected at 0-h at 0 w (immediately before EGCG administration), and at 2-h after EGCG administration on the 8th w. After 

MDA-MB-231 cells were treated with the 0 h sera (C0h, J0h) at 0 w, and 2-h sera (C8w, J8w) at 8-w from the patients, 

respectively, equal amounts of protein from total cell lysates were separated by SDS-PAGE, and Western blot analysis of Bcl-

2/Bax (A), c-Met (B), NF- B p-65 (C) and p-Akt (D) were done. For analysis of p-Akt, MDA-MB-231 cells were treated with each 

0 h serum (C0h, J0h) at 0-w or 2-h serum at 8-w (C8w, J8w) from the patients, respectively. In the (A, B and C), the density of 

the band (normalized to -actin) shown as mean ± SD is relative to that of the control C0h (designated as 1.00). In the (D), the 

density of the band (normalized to Akt) shown as mean ± SD is relative to that of the control C0h (designated as 1.00). For one 

experiment, 3 assays were carried out and only one set of gels is shown. In the (A, B and C), compared to the cells treated with 

the 0 h and 8-w sera from patient C in the control (C0h and C8w), the expression of Bax was significantly enhanced and the 

expressions of Bcl-2, c-Met and NF- B were significantly reduced in MDA-MB-231 cells by the 8-w serum from the EGCG-

treated patient J (J8w). In the (D), compared to the cells treated with the C0h and C8w sera from patient C in the control group, 

the phosphorylation (Ser
473

) of Akt in MDA-MB-231 cells was significantly reduced by the J8w serum from EGCG-treated patient 

J. Statistical analysis was carried out using the
 
ANOVA and Bonferroni test. * P < 0.05 (n=3).  

Ex vivo reduction of protein expressions of Bcl-2/Bax (A), c-Met (B), NF-κB (C), and phosphorylation 
of Akt (D) in MDA-MB-231 cells by sera from radiotherapy patients taking EGCG for 8 w.  

c-Met/β-actin  1.00±0.05  1.06±0.06  1.05±0.08  0.39±0.04* 

c-Met 
(145KD

β-actin 
(42KDa) 

B 

Bcl-2/β-actin  1.00±0.03  0.96±0.05  0.90±0.07  0.25±0.06*  

Bax 
(21KDa) 

Bax/β-actin  1.00±0.05  0.95±0.06  0.98±0.04  1.58±0.06*    

β-actin 
(42KDa) 

A 

C0h     J0h      C8w    J8w  

Bcl-2 
(28KDa) 

C0h     J0h      C8w     J8w  

 
 

D

pAkt/Akt   1.00±0.05  1.08±0.07  1.05±0.06  0.41±0.05*   

pAkt 
(60KDa) 

Akt 
(60KDa) 

C0h      J0h     C8w     J8w  

C C0h     J0h     C8w     J8w  

NF-κB/β-actin  1.00±0.07  1.12±0.11  1.07±0.08  0.43±0.06* 

NF-κB 
(65KDa) 

β-actin 
(42KDa) 



Effect of EGCG on Breast Cancer Patients Current Molecular Medicine,  2012, Vol. 12, No. 2     173 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (7). In vitro effects of EGCG on cell viability and protein level of NF- B p65 as well as phosphorylation (Ser
473

) of Akt in -

radiation-treated human breast cancer cells. MDA-MB-231 cells were treated with -radiation at a dose of 8 Gy (Rad8) in the 

absence or presence of EGCG at concentrations of 5 M (E5) or 10 M (E10). After the treated cells were cultured for 36 h, the 

relative cell viability was determined using a trypan blue dye exclusion assay (A); the equal amounts of protein from total cell 

lysates were separated by SDS-PAGE, and Western blot analysis of NF- B p-65 (B) and p-Akt (C) were done. Bay 11-7082 

(BAY), the inhibitor of NF- B, and Ly294002 (LY), the inhibitor of PI3K/Akt were used as a positive control, respectively. The 

density of the band (normalized to -actin for NF- B or to Akt for p-Akt) shown as mean ± SD is relative to that of the control 

(designated as 100%). Statistical analysis was carried out using the
 
two-way ANOVA followed by Bonferroni post hoc test to 

establish whether significant differences existed between the groups. Values with different letters (a–d) differ significantly (P < 

0.05). c/s and d/s represent significantly enhanced -radiation effects by EGCG treatment compared with the treatment either 

with -radiation or EGCG alone (c/s, P < 0.001, two-way ANOVA; d/s, P < 0.0001, two-way ANOVA).  
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Increased levels of VEGF and HGF as well as 
MMP9/MMP2 activities

 
are associated with cancer cell 

proliferation, invasion, and metastasis as well as 
angiogenesis [53-59]. Our present results show that the 
blood VEGF and HGF levels and MMP9/MMP2 
activation in breast cancer patients under radiotherapy 
were significantly reduced or inhibited by oral 
administration of EGCG. The inhibitory effects on these 
factors may result from the direct and indirect actions of 
EGCG. It was reported that HGF, acting through its c-
Met receptor, plays an important role in most human 
solid tumors [60]. HGF induces VEGF expression in 
cancer cells and is a key switch for turning on 
angiogenesis [61]. It has been reported that 
adenovirus-mediated inhibition of MMP-9 (Ad-MMP-9) 
with radiotherapy decreased levels of NF- B and 
activator protein 1, both of which contribute to the 
radioresistance of MDA-MB-231 cells in vitro and in 
vivo; treatment with Ad-MMP-9 plus radiation 
completely regressed tumor growth in orthotopic breast 
cancer model [62]. Our present results of reduction of 
MMP-9 in the radiotherapy patients who received 
EGCG may contribute to the decrease in NF- B level 
and inhibition of proliferation in breast cancer cells. In 
our work, we demonstrated that the sera from the 
patients who took EGCG reduced the expressions of 
Bcl-2/Bax and NF- B, and suppressed the 
phosphorylation of Akt as well as inhibited activation of 
active MMP9 and MMP2 zymogens in invading MDA-
MB-231 cells. These anti-tumor effects of sera from the 
EGCG-treated patients could be caused by EGCG- and 
its in vivo metabolites-induced reduction of VEGF, 
HGF, and MMP9/MMP2. Indeed, Yang et al. [27, 63] 
and Chow et al. [28, 29] have reported the 
pharmacokinetics of EGCG and its metabolites in 
human sera although there may be some unknown 
metabolites in human sera and their anti-tumor effects 
to probe. Chow et al. also reported that the average 
maximum plasma concentration (Cmax) of EGCG-
treated humans (n=8) was about 3.4 g/ml (equal to 
7.4 M) after oral administration of EGCG [29]. Here, 
we have confirmed that EGCG at 5 M significantly 
reduces the cell viability, NF- B protein expression, 
and the phosphorylation of Akt in the breast cancer 
cells; such concentration of EGCG significantly 
enhances the -radiation effects on the breast cancer 
cells. These activities could play the important role in 
the anti-tumor effects of the sera from the EGCG-
treated patients as we have observed in the present 
study. Our findings suggest that EGCG may have 
extensive adjuvant therapeutic effects against human 
metastatic breast cancer, which may be involved in the 
signal transduction pathway of VEGF/HGF-c-Met-
PI3K/Akt-NF- B.  
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